Scanned

The

from

the

Library

of

Packard
for

Audio

collections

of

Congress

Campus

Visual

Conservation

www.loc.gov/avconservation

Motion

Picture

and

Television

Reading

Room

www.loc.gov/rr/mopic

Recorded

Sound

Reference

www.loc.gov/rr/record

Center

1

1

>

I

i

RADIO

BROADCAST

Volume

MAY,

1928,

GARDEN
DOUBLEDAY,

to

XIII

OCTOBER,

CITY
DORAN
1928

NEW
&

1928

YORK

COMPANY,

INC.

INDEX
^Illustrated Articles.

PAGE

PAGE
* A ~B-C Power Unit and One-Stage
-ti- Amplifier, An Interesting (J.
George Uzmann)
145
*A-Power Unit from Your Battery
Charger, Making an (Robert Burnham)
137
*Adapter
for
LongWave
Reception,
An
(W. H. Wenstrom)
275
* Addingbert
Regeneration
to Any Set (Her- 210
Grove)
*A11
About Loud Speakers (Joseph
Morgan)
Allocation, The Engineers' Plan of . . .
*A. C. Receiver, A Dual Control
(Robert Burnham)
*A. C. Screen-Grid Receiver, An
*A. C. Screen-Grid Tuner. A Two-Tube
(James Millen)
*A.(Dana
C. Super-Heterodyne.
A Flexible
Adams)
Amateur Bands, Keep Commercialism
Out of the
Amateurs in the Ten-Meter Band
*Amplifier and B Supply, A SpaceCharge (H. P. Manly)
''Amplifier and Power Supply, A Resistance-Coupled (J.George Uzmann). .
*Amplifier Power Unit for the 250, A
Good (Howard Barclay)
*Amplifier, The 222 Tube as an R. F.
(Glenn H. Browning)
Annual Report of the R. C. A
Another Non-Radio Man for the ComApparatus, New. . . 35, 85, 139, 227, 284,
*AsDreher)
the Broadcaster
Sees161,It219,(Carl
42, 102,
267,
* Audio Combination, The Right (L. W.
Hatry)
*Audio Distortion, Checking Up on
(G. F. Lampkin)
*Audio Transformer Design, A New
Principle in (Kendall Clough)
*Automatic
for the)
Radio Receiver Tuning
(Leroy S. Hubbell
Aviation Must Come to the Use of Radio
*Aviation, What Radio Has Done for
(An English Radio Engineer)
*T3 SUPPLY, A D. C. Power Ampli-D fier and (Victor L. Osgood)
*B Supply. A Space-Charge Amplifier
(H. P. Manly)
Baird Television Apparatus on Sale . ...
*Beat-Frequency Oscillator, How to
Build a (G. F. Lampkin)
Book Reviews:
Bible Dramas, by William Ford
Manley (Carl Dreher)
Drake's
by
Harold Radio
P. Cyclopedia,
Manly (Carl
Dreher)
Elements of Radio-Communication, The, by O. F. Brown
(Carl Dreher)
Experimental Electrical Engineering, by V. Karapetoff
(Carl Dreher)
Lefax Radio Handbook (Carl
Dreher)

?■

Editorials in Italics)

188
132
192
37
349
39
254
197
163
257
141
252
11
mission 131
372
352
23
290
133
72
129
288
18
163
11
156
304
302
306
280
76

Popular Guide to Radio, A, by
B. Francis Dashiell (Carl
Dreher)
Practical Radio Telegraphy, by
Arthur R. Nilson and J. L.
Hornung (Carl Dreher). ...
Radio Engineering Principles,
by Henri Lauer and Harry
L. Brown (Carl Dreher). ...
Radio Theory and Operating,
by Mary Texana Loomis
(Edgar H. Felix)
What Use Broadcasting ? by
William G. Shepherd in
Mirrors of the Year (Carl
Dreher)
Wireless Direction Finding and
Directional Reception, by R.
Keen (Carl Dreher)
British Imperial Radio System, Struggles
of the
British Skeptical of Baird Television AcBroadcast Regulation at a Standstill ....
Broadcast Station Calls with a Past
(William Fenwick)
Broadcast Stations, Present Distribution
of.
*Broadcasting, How to Improve (John
Wallace)
*Broadcasting Is Accomplished, How
Chain (C. E. Dean)
•
Broadcasting, More High Power
Broadcasting Needs Capable Leadership .
*Building and Operating the A. C. "R.
B. Lab." Receiver (Hugh S. Knowles)
*Building the D. C. Lab Receiver
(Keith Henney)

76
56
76
56
274
360
195
complishments 69
130
150
69
31
65
69
68
93
199

f^ALDWELL Hits Straight from the
*U Shoulder. ■
196
*Can We Multiplex Our Radio Channels? (Albert F. Murray)
245
*Chain Broadcasting Is Accomplished,
How (C. E. Dean)
65
*Checking Up on Audio Distortion (G.
F. Lampkin)
290
*Coast Survey, Radio Helps in the
(D. L. Parkhurst)
374
Commission Announces Its Skort-Wave
Policy, The
196
Commission, Another Non-Radio Man
for the
,131
Commission Eliminates Its First Station,
The
132
*Compact and Inexpensive "Trouble
Shooter,"
A (Emil
Reisman)
Congress
Dabbles
with the
Radio Situation 273
10
*" Cornet" Multiwave Receiver, The
(W. H. Wenstrom)
77
"Cornet" Receiver, Notes on the
(W.H. Wenstrom)
302
*Coupling Methods for the R. F. Amplifier (Bert Smith)
361
*Crystal Receiver for the Beginner, A
Good (Keith Henney)
97
*T^\. C. Lab Receiver, Building the
LJ (Keith Henney)
*D. C. Power Amplifier and B Supply,

199

PAGE
A (Victor L. Osgood)
18
Direct Selling by Radio (Francis St.
Austell)
58
Directory
of
Vacuum
Tubes.
"Radio
Broadcast's"
107, 300
* Distortion, Checking Up on Audio (G.
F. Lampkin)
290
*Dual Control A. C. Receiver, A (Robert Burnham)
192
TfMPTY
Pool,in The
Engineers
Quantity Production
of Standards
Engineers' Plan of Allocation, The
"Equalization," The Inequalities of. . . .
*Extra R. F. Stage for Any Receiver, An
(The Laboratory Staff)
*T7TNE Program You Will Never
r Hear, A (John Wallace). .
*5-Meter Band? What About the
(Robert S. Kruse)
*5-Meter Hints, Practical (Robert S.
Kruse)
*5 Meters, Working on (Robert S.
Kruse)
*Five-Tube Screen-Grid Receiver, A
(James Millen)
*Flexible A. C. Super-Heterodyne, A
(Dana Adams)
*From Milliammeter to Multi-Meter
(G. F. Lampkin)
*(~* OOD Amplifier-Power Unit for the
vJ 250 Tube, A (Howard Barclay . .
*Good Crystal Receiver for the Beginner, A (Keith Henney)
Guggenheim Fund Shows the Way to
'Frisco
TTARRISBURG, III. Needs a 500-watt
ii Station
*Haven of a Sea-Going Audion, The
(Raymond Travers)
Here and There
12, 70, 197, 255,
*"Hi-Q 29," The— A Receiver with a
Band-pass R. F. Amplifier (D. K.
Oram)
High-Frequency Spectrum, The
High Power Broadcasting, More. ......
*Home Study Sheets, "Radio BroadAlternating Current
Determining the Capacity and
Inductance of a Radio Circast's":Measuring the Amplification
Factor of Tubes
Nature of Radio and Electricity, The
Ohm's Law
Testing Vacuum Tubes
Vacuum Tube Characteristics.
*How Can Good Radio Programs Be
Created? (John Wallace)
*How Chain Broadcasting Is Accomplished (C. E. Dean)
*How to Build a Beat-Frequency Oscillator (G. F. Lampkin)
How to Improve Broadcasting (John
Wallace)

I

255
255
132
131
217
165
212
371
263
20
39
80
141
97
253
254
116
339
341
132
69
357
cuit 136
261
135
206
205
262
104
65
156
31

INDEX—
PAGE
Q INEQUALITIES of "Equalization,"
4- Tlie
^Interesting A-B-C Power Unit and
One-Stage Amplifier, An (J. George
!g
Uzmann)
■ *Is the Highbrow Entitled to a Program
^
of His Own? (John Wallace)

223

Out of the
J\jy'EEP
AmatemCommercialism
Bands

254

*T ABORATORY Information Sheets.
"Radio Broadcast's":
A. The
C. "Universal" Receiver,
Amplification Constant
Audio Transformer. The
Calculating Grid Bias for A. C.
Tubes
Circuit Diagram, A. C. "Universal" Receiver
Circuit of a Resistance-Coupled Screen-Grid Amplifier.
Circuit of the Roberts FourTube A. C. Receiver
Circuits of the Hi-Q Six, The.
Current
Dynamic Loud Speakers, The.
Electrical Measuring InstruEqualizers
Equalizing Wire Lines for
Broadcasting
Farm Lighting Svstems
Filters
Frequency Characteristic of a
Seven-Mile Cable
Grid Bias
Grid Bias Circuits for A. C.
Tubes
Grid Bias Measurements
Hi-Q Six, The
Impedance-Coupled Amplifiers
Index, August 1927-May 1928
Line Voltage Variations
Measuring Instruments .... 234,
"Motorboating"
Power
Values in Radio Receiving Antennas
Protecting the Rectifier Tube.
Push-Pull Amplifiers
Radio Transmission
Resistance-Coupled Amplifier
With Screen-Grid Tubes, A
Resistors
Roberts Four-Tube A. C. Receiver, The
Screen-Grid Resistance-Coupled Amplifier, A
Screen-Grid Tube as an R. F.
Amplifier, The
Selectivity
Servicing Radio Receivers. . . .
Size of Tap and Clearance
Drills
Soldering Irons
Telephone Transmission Unit,
The
Text Books on Radio
Tube Life
Tube Overloading
Tuned Circuits
ux-250 and cx-350, The
Using a Milliammeter as a
Voltmeter
Voltmeter, The
laboratory,
Henney) : "Strays" from the (Keith
A. C. Screen-Grid Tubes
A. C. Troubles
Another Patent Muddle
Another Useful Publication. . .
At Last— A Line Voltage
Regulator
Coil Dimensions, An Error in.
Detector Distortion
Engineers as Salesmen
"Equamatic"
SystemThe
in England,
Finding Ore by Radio

131
145

50
112
380
378
51
112
298
234
114
380
ments 176
232
178
174
382
232
50
378
50
234
382
51
176
296
110
178
230
110
296
112
114
298
178
114
230
294
298
232
380
296
174
48
176
48
294
382
202
83
260
84
259
30
29
347
29
29

Continued

PAGE
Flux for Nichrome Wire, A. . . 144
From a Lab Circuit Fan
144
High Powered Press Releases. 83
Keeping R. F. Current Out of
the Audio
201
Line Voltage Variations
201
Loud Speaker Tests
202
Loud Speakers
30
Making D. C. Sets Comfortable 202
May Standard Frequency Signals 84
More Radio Hoaxes
259
Mortality Among the A. C.
Tubes
347
New Cyrstal Control
143
Output Transformer Characteristics 83
Present Compression-Type Resistors 144
Present Interesting Trends in
Radio
' 143
Prices of British "Compo- nents" 143
Publications Worthy of Note. 144
Radio ?s a Scapegoat
347
Radio School Scholarships. ... 84
Radio Gossip
143
Real Power
fromofTwo
112's ...
. . 202
29
Recent
Articles
Interest
Recent Interesting Contemporary Articles
84
Recent Interesting Technical
Articles
144
Remler A. F. Amplifying System, The
348
Screen-Grid and Automatic
Receivers
259
Screen-Grid Mvstery, A
347
Screen-Grid Tube, The: Selectivity 30
Short- Wave Adapter, A. .
29
Short-Wave Broadcasting. ... 29
Short- Wave Market, The
201
Short- Wave Notes
84
Short- Wave Reception
348
"Sink or Swim " Tube Testing 201
"Skim Milk Masquerades as
Cream"
144
Some Coil Measurements
260
"Strays" from other Laboratories 202
Technical Smoke Screen. ...... 144
Tested Products
29
Testing for Soft Tubes
348
Trailing "Power Leak" Inter- ference 259
Two Interesting Patents
347
Who Our Readers Are
144
Laboratories Grapple with Aircraft Radio,
The
253
Letters from Readers 179. 231, 308, 386
*Lighting
Lines(Kasson
Safe forHowe)
A. C. Tubes, 269
Make Your
List of Short-Wave Stations Throughout
the World, A
44
*Listeners'
Point
of
View,
The
(John
Wallace)
31, 104, 165, 223
Long Waves Needed in Transoceanic Serv-

ice 255

*Loud Speakers, All About (Joseph
Morgan)
Low-Power Stations Plead Their Case,
The

188
337

ACKAY-R. C. A. Struggle, The..
M *Make Your Lighting Lines Safe
for A. C. Tubes (Kasson Howe)
*Making an A-Power Unit from Your
Battery Charger (Robert Burnham) .
Manufacturers' Booklets
25, 108, 170, 228, 282,
*Manufactured
Receivers, "Radio
Broadcast's" Service Data Sheets on
(See Service) 91, 159, 221, 277,
*March of Radio, The (E. H. F.)
9, 68, 129, 195, 253,
Mergers in the Radio Industry
*Milliammeter to Multi-Meter, From
(G. F. Lampkin)

195
269
137
376
369
337
69
80

PAGE
More High Power Broadcasting
Monopoly ? Why the Persistent Cry of. .
*Month's New Phonograph Records,
The
25,
EM A. Convention, At the
N *National Screen-Grid Five, Operating the (James Millen)
Naval Stations, Press, Weather and
Time Signal Transmissions of
*New Apparatus. . .35, 85, 139, 227, 284,
*New Principle in Audio Transformer
Design, A (Kendall Clough)
*New Transmitting Methods be the
Remedy? Will (Edgar H. Felix)
*Newest Power Tube, The (Howard E.
Rhodes)
*Nine-Tube
Screen-Grid Super, A
(Robert Burnham)
No Innovations or Revolutions for 1928 . .
*Non-Radiating Short-Wave Tuner, A
(James Millen)
Notes on the "Comet" Receiver (W. H.
Wenstrom)

69
9
106
253
225
52
372
133
5
74
334
130
286
302

ONE-SPOT"
Screen-Grid Super, 249
A (W. H. Hollister)
*Operating the National Screen-Grid
Five (James Millen)
225
*Our Readers Suggest . . .
33, 89. 151. 215, 271, 364
PATENT Situation, The
*Phonograph Records, The Month's25,
New
*Photo Broadcasting in England (William J. Brittain)
*" Pick-Up" Shall I Buy? What (David
Grimes)
Picture Broadcasting Must Contain No
"A.ds"
Picture Transmission, Regulations for
Television and
*Power Amplifier and B Supply, A. D C.
(Victor L. Osgood)
*Power Supply, A Resistance-Coupled
Amplifier and (J. George Uzmann). .
*Power Tube, The Newest (Howard E.
Rhodes)
*Practical 5-Meter Hints (Robert S.
Kruse)
Present Distribution of Broadcast StaPress, Weather
and Time
Signal Transmis ions ofNaval
Stations
*"T3 B. LAB." Receiver. Building
XV and Operating the (Hugh S.
Knowlesj
*"R. B. Lab." Receiver, A Short-Wave
Adapter for the (Hugh S. Knowles) . .
"Radio Broadcast's" Directory of Vacuum Tubes
107,
*" Radio Broadcast's" Home Study
Sheets (See Home)
135, 205, 261,
*" Radio Broadcast's" Laboratory Information Sheets (See Laboratory)
48, 110, 174, 230, 294,
*" Radio Broadcast's" Service Data
Sheets on Manufactured Receivers
(See Service) 91, 159, 221, 277,
*Radio Channels? Can We Multiplex
Our (Albert F. Murray)
*R. F. Amplifier, Coupling Methods for
the (Bert E. Smith)
*R. F. Amplifier, The 222 Tube as an
(Glenn H. Browning)
252,
*R. F. Stage for Any Receiver, An Extra
(The Laboratory Staff)
*Radio Helps in the Coast Survey (D.
L. Parkhurst)
Radio Laughs at Wired Wireless
*Receiver for Short-Wave Broadcast
Reception (Bert E. Smith)
Recent Radio Events
Regulations for Television and Picture
Transmission
*Resistance-Coupled
Amplifier and
Power Supply, A (J. George Uzmann)
*Right Audio Combination. The (L. W.
Hatry)

12
106
384
207
11
338
18
257
74
371
tions 69
52
93
153
300
357
378
369
245
361
359
217
374
10
167
132
338
257
23

INDEX — Continued
*Roberts Receiver, A Three-Tube A. C.
Operated (Elmer G. Hery)
*OARGENT-RAYMENT Seven ReO ceiver, The (Howard Barclay) . . .
*Screen-Grid Booster for Any Receiver,
A (Glenn H. Browning)
*Screen-Grid Receiver, A Five-Tube
(James Millen)
*Screen-Grid Receiver, An A. C
*Screen-Grid Short-Wave Receiver, A
(Howard Barclay)
*Screen-Grid Tube in Popular Circuits,
Using the (Laboratory Staff)
*Screen-Grid Tuner, A Two-Tube
(Glenn H. Browning)
*Screen-Grid Tuner, A Two-Tube A. C.
(James Millen)
^Service Data Sheets on Manufactured
Receivers,
"Radio
Amrad,
A. C.Broadcast's":
7, The
Bosch Model 28 Receiver, The
Fada 480-B, The
Federal Ortho-sonic SevenTube Receiver, The
Grebe A. C. Six, The
Kolster 6K A. C, The
Marconiphone Model 61 Receiver, The
Pfansteihl A. C. 34 and 50, The
Splitdorf "Inherently Electric" Receiver, The
Stromberg-Carlson Receivers
Nos. 635 and 636
*Short-Wave Adapter for the R. B. Lab.
Receiver, A (Hugh S. Knowles). . . .
*Short-Wave Broadcast Reception, A
Receiver for (Bert Smith)
*Short-Wave Code Signals, A SuperHeterodyne for (Lloyd T. Goldsmith)
Short-Wave Policy, The Commission Announces Its
*Short-Wave Receiver, A Universal
(Lloyd T. Goldsmith)
Short-Wave Stations Throughout the
World, A List of
*Short-Wave Transmitter for 1929, A
(Robert S. Kruse)
*Short-Wave Tuner, A Non-Radiating
(James Millen)
*Simple Unit for Measuring Impedances
A (F. J. Fox and R. F. Shea)
*Six-Tube Screen-Grid Receiver, A (McMurdo Silver)
*Space-Charge Amplifier and B Supply,
A (H. P. Manly)
*" Henney)
Strays" from
the Laboratory (Keith
(See Laboratory)
29, 83, 143, 201, 261,
Struggles of the British Imperial System.
*Super, A Nine-Tube, Screen-Grid
(Robert Burnham)
*Super-Heterodyne, A Flexible (Dana
Adams)
*Super-Heterodyne
for Short-Wave
Code Signals, A (Lloyd T. Goldsmith)

99
354
87
20
37
203
96
27
349
91
369
221
222
159
160
278
92
370
277
153
167
15
196
13
44
344
286
279
281
163
347
195
334
39
13

ON:
TELEVIBaSI
ird Television Apparatus on
Sale
11
Television and Picture Transmission, Regulations for
338
Television — Its Progress Today (Howard E. Rhodes).. . 331

PAGE

PAGE

PAGE

*What Can We See By Radio?
(R. P. Clarkson)
*What Hope for Real Television? (R. P. Clarkson)
Ten-Meter Band, Amateurs in the
*Tester, A Universal Set and Tube (D.
A. R. Messenger)
*Three-Tube A. C. Operated Roberts
Receiver, A (Elmer G. Hery)
Transmitting Methods be the Remedy?
Will New (Edgar H. Felix)
Transoceanic Service, Long Waves Needed
in
*" Trouble Shooter," A Compact and
Inexpensive (Emil Reisman)
*Tuning for the Radio Receiver, Automatic (Leroy S. Hubbell)
*Two-Tube A. C. Screen-Grid Tuner, A
(James Millen)
*Two-Tube
Screen-Grid Tuner, A
(Glenn H. Browning)
*222 Tube as an R. F. Amplifier, The
(Glenn H. Browning)
252,
*T TNIVERSAL Set and Tube Tester,
U A (D. A. R. Messenger)
*Universal Short-Wave Receiver, A
(Lloyd T. Goldsmith)
*Using the Screen-Grid Tube in Popular
Circuits (Laboratory Staff)

185
125
197
148
99

Knowles, Hugh S
Kruse, Robert S

93, 153
212, 267, 344, 371

5
255

Lampkin, G. F.

80, 156, 290

273
72
349

Oram, D. K
Osgood, Victor L

341
18

359

Parkhurst, D. L

374

148

Reisman, Emil
Rhodes, Howard E

96

"Radio BroadVACUUM cast's"Tubes,
Directory of
107,300
*"Vivetone 29" Receiver, The (R. F.
Goodwin)
366

Adams, Dana
Barclay, Howard
Brittain, William J
Browning, Glenn H
Burnham, Robert

212

Wallace, John
Wenstrom, W. H
PORTRAITS

125
207
9
5
263

141, 203, 354
384
27, 87, 252, 359
137, 192, 334

Clarkson, R. P
125, 185
Clough, Kendall
133
Dean, C. E
65
Dreher, Carl
42, 56, 76, 102, 161, 219,
267, 274, 280, 302, 352, 360
Felix, Edgar H.
5, 9, 56, 68, 129, 195, 253, 337
Fenwick, William
150
Fox, F. J
279

DOUBLEDAY,

Travers, Raymond
Uzmann, J. George

185

13,366
15
207
210

Copyright, 1928, by
DORAN & COMPANY,

273
74, 331

St. Austell, Francis
Shea, R. F
Silver, McMurdo
Smith, Bert

195

39

Goldsmith, R.Lloyd
T
•
Goodwin,
F
Grimes, David
Grove, Herbert

Manly, H. P
163
Messenger, D. A. R
148
Millen, James
20, 225, 286, 349
Morgan, Joseph
188
Murray, Albert F
245

27

13

AR on the Short Waves, The
IV *What About the 5-Meter Band?
(R. S. Kruse)
*What Can We See by Radio? (R. P.
Clarkson)
*What Hope for Real Television? (R. P.
Clarkson)
*What "Pick-Up" Shall I Buy? (David
Grimes)
Why the Persistent Cry of Monopoly ? . .
*Will New Transmitting Methods Be
the Remedy? (Edgar H. Felix)
*Working on 5 Meters (Robert S. Kruse)
AUTHORS

Hatry, L. W.
23
Henney. Keith 29, 97, 143, 199, 259, 347
Hery, Elmer G
99
Hollister, W. H
249
Howe, Kasson
269
Hubbell, Leroy S
72

58
279
281
167, 361
116
145, 257

31, 104, 223
77, 275, 302

(*Portraits in "The March of Radio")
*Butman, Carl H
69
*Caldwell, O. H
Conrad, Frank
*Duffy, J. P

69
331
9

Evans, Leroy

105

Klemm, Gustav
*Korn

166
11

*Lafount, H. A
Marconi, G

69
337

Nakken, Theodor

185

*Pickard, Sam
Ray, Bill
*Robinson, I. E
Stern, Samuel Maurice
*Sykes, E. O
Weiner, Michael

Zahm, Edna

INC.

69
166
69
105
69
105, 223
165

/

Amplifier

Screen

(7°HE new Silver-Marshall Time Signal
(J} Amplifier (440-SG), designed to take
full advantage of the tremendous amplification possibilities of the new UX-222
and CX-322 screen grid R.F. amplifier tubes,
is ready. Every experienced fan and professional set builder knows the remarkable
efficiency of the famous S-M 440 amplifier,
with its high amplification, absolutely accurate peaking, and perfect uniformity. This
new 440-SG model is capable of providing
greater amplification than any other long
wave amplifier ever marketed.
Three 222 type screen grid tubes are used
in the three individually shielded low-loss R.F.
amplifier stages, followed by a super-sensitive
detector (UX-200A) in cushioned socket. The
amplification is tremendous, the selectivity
hair-splitting. The 440-SG Amplifier is laboratory tuned and calibrated to exactly 112113 K.C. Either two or three R.F. stages may
be used at will. It is 15 inches long, 5 inches
wide, and 5-h inches high with removable
cover, finished in beautifully burnished copper. Its current consumption is so low it may be operated
on batteries. Unconditionally
guaranteed against
mechanical and electrical defects, the 440SG Amplifier stands
unequaled in the longwave amplifier field.
Price $40.00, ready to
use, less tubes.

Catac

GridTubes

tector and two stages of A.F. plus the tremendous amplification of the new 222 type tube.
It has out-performed standard five and six
tube factory built receivers with which it has
been compared. Its wavelength range is from
30 to 3000 meters — enabling you to bring in
short and long wave broadcasts which are entirely out of the Dicture with the average set.
The 644-SG Tuner has selectivity, amplification
and tone quality. It will bring in stations over a
range of 1500 miles even in New York and Chicago.
All parts for the Universal All-Wave Screen Grid
Tuner, ready to assemble in the Silver-Marshall
644-SG kit for just $46.25, with complete blueprints
and Universal
instructions.All-Wave Tuners are made in many
models. Let us send you full information.
S-M Unipacs for
UX-210 and UX-250 Tubes
The new "680 Series'' oi S-T%T light socket power
amplifiers are ready. Either a push-pull stage using
two UX-210 tubes or a straight power output stage
using one of the new UX-250 high power tubes can
be had. Each model supplies its own A, B and C
power, B power for any radio receiver, and A power
for AC tubes if desired. Model 681-210 is a single
stage push-pull power amplifier using two UX-210
amplifier tubes, a UX-874 voltage regulator and two
UX-281 rectifier tubes. It furnishes a stage of super
amplification for any set, and receiver B power at
45 90 (and 135 volts. Price of kit, complete ready
to assemble, less tubes, $83.25, or completely wired,
readyModel
to use,682-210
$98.25. is the above Unipac plus a first
audio stage using a UX-226 tube. It is a complete
two stage light socket power amplifier for phonograph
or radio, and also supplies 1.5 and 2.25 volts A. C,
and 45, 90 and 135 volts B to any set. Price of kit,
$97.75, or $112.75 completely wired, ready to use.

New 250 Unipacs
The 681-250 is. a single stage power amplifier
using one UX-250 tube, and UX-874 voltage regulator and two UX-281 rectifiers. Used with any
set it allows over 4000 milliwatts of undistorted
power, and receiver B voltage at 45, 90 and 135 volts.
Price of kit $78.25, or wired ready to use $93.25.
The 682-250 is a two stage Unipac using one
UX-226,
and one UX-250 amplifier tubes, with a
644-SG Screen
UX-874 regulator and two UX-281 rectifiers. It
supplies
all
necessary audio amplification for any
Grid Universal
radio
phonograph
receiver, A power at
1.5 andor 2.25
volts A.C.as well
and Bas power
at 45, 90 and
All-Wave
135 volts. 682-250 is the ideal audio amplifier for
any set iyou
ever buy or
Tuner
Price,
f~SILVER-MARSHALL,
— — — — — — INC.
— — — .
The 644-SG Screen build.
complete
Grid Universal All- kit, $92.75,
838 W. Jackson Blvd., Chicago, 111.
Wave Tuner is the just- or priced
ly popular one stage of ready to use
... I enclose 10c. for which please send me full
information on the 440 Screen Grid Time
R.F., regenerative de- $107.75.
Signal
644 Screen
Grid
UniversalAmplifier,
Tuner, thetheUnipacs,
and other
new S-M developments.
....I enclose 25c. for complete instructions
Silver - Marshall,
Inc.
and blueprints
building the new Universal All-WaveforTuner.
I Name
I
838 West Jackson Blvd., Chicago, 111.
Address .
City

State.

f

NATIONAL

■
Single

f

Dial

Tuning-Unit

- Type

222

v
-:
t
:
v

j
:

f
i
i

Made expressly for experimentation
with the new 4 electrode UX 222

Volney D. Hurd, of the Christian

tube. The newly designed transformer and
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TO OUR READERS
BECAUSE we value very highly the confidence of our
readers, we present here a few words about the editorial
policy of this magazine as it affects the problem of editorial
ethics. The readers of Radio Broadcast are much like the
readers of a magazine devoted to book reviews. In the latter,
editorial articles must deal, perforce, with the same subjects as
found in the advertising pages. In Radio Broadcast our
text pages must very often contain articles describing the
use of units featured in the advertising pages. But how long
would you read a book review publication if all reference to
publisher, price and author were omitted? And how long would
you read such a magazine if you felt there were collusion between editorial and advertising content?
ALL of the articles in this magazine — constructional ones,
especially — are chosen for one reason, only, because we
think they are interesting and useful to our readers. We are
frank
parts information.
employed because
we inbelieve
our'
readersabout
wantmentioning
to know that
We have
the past
and will continue to indicate in the future the possibilities of
substitution of parts, leaving the actual construction to the
judgment of the reader. The reader has a right to know just
how any circuit we describe was built, what it costs, and
whose parts are used. In Radio Broadcast, all this essential
information is in the article. You will not have to write us for
additional circuit diagrams, a list of parts or other essential
information which should be in the article in the first place.
Our duty to the reader is to give him articles which are interesting, useful, and complete. If he encounter difficulties, our Technical Information Service will help him by mail, and the editor
will always be pleased to hear of the results he achieves.
THE technical accuracy of every statement made in this
magazine is Carefully checked by Radio Broadcast Laboratory, manned by radio engineers all of whom have technical
university training. Their vigilance fortifies every article. Articles from the staff present material not available elsewhere, some
of it constructional, some more general, but all with the definite
purpose to be as sound and accurate as we know how. These
requirements invariably apply to all our articles, whatever their
source. Our Laboratory will continue to originate useful circuits ofall sorts; contributions from independent radio workers
are constantly sought and will regularly appear. Articles, conl orotherwise,with
originating
in manufacturers'
tories will bestructionapublished
their origin
made quite clear,laboraonly
when the articles meet our rigid requirements. This is and has
been our practical conception of responsibility to the reader.
THE news of radio developments, no matter where they
originate, is important, so, naturally, the activities of radio
manufacturers will be reported in these pages, but no such
articles have appeared or will appear merely because of their
advertising potentialities. The reader need not fear that this
magazine will overflow with articles thinly masking manufacturers' publicity.must
Is it be
good?
Is it useful?answered
Is it important?
—
those questions
satisfactorily
before the
article appears in our pages, whether or not the article originates
with a manufacturer. It is only natural if readers respect our
text pages that the advertiser should find our advertising pages
valuable, and it is obvious that no publication can long exist
without high standards in both editorial and advertising content. — Willis Kingsley Wing.

VOUBLEDAT, DORAN & COMPACT, WC, Garden &ty, Hew Tori\
OFFICERS
MAGAZINES
BOOK SHOPS (Books of all Publishers)
OFFICES
F.
N.
Doubleday,
Chairman of the Board
Country Life
Garden City, N. Y.
& Compan
Jamesal McCree
Nelson Doubleday, President
Taylor;Termin
32ND ySt. New York: 244 Madison Avenue
and 166ry West
Pennsyd&lvania
!Lor
World's & Work
Garden
Home Builder
84.8 Madison Ave. and 51 East 44.TH Street
Radio Broadcast
George H. Doran, Vice-President
420 and 526 and 819 Lexington Avenue
Boston: Park Square Building
Short Stories
Central Terminal and 38 Wall Street
Grand
S. A. Everitt, Vice-President
Educational Review
Chicago:
Peoples
Gas
Building
:
Chicago 75 East Adams Street
Russell Doubleday, Secretary
Le
Petit
Journal
nd
Ave.
Maryla
4914
and
St.
8th
N.
223
Louis:
St.
Santa Barbara, Cat.
El Eco
John
J. Hessian, Treasurer
Kansas City: 920 Grand Ave. and 206 West 47th St.
Frontier Stories
London: Wm. Heinemann, Ltd.
Cleveland: Higbee Company
West
Lillian A. Comstock, Asst't Secretary
The American Sketch
Springfield, Mass: Meekins, Packard & Wheat
Toronto: Oxford University Press L. J. McNaughton, Asst't Treasurer
Copyright, 1928, in the United States, Hcwfoundland, Great Britain, Canada, and other countries by Doubleday, Doran ty Company, Inc. All rights reserved.
TERMS: $4.00 a year; single copie* 35 cents.
2

RADIO

VITROHM

RESISTORS

BROADCAST

. IN

....
Vitrohm Resistor 508-2 is employed by the Thordarson Electric Mfg. Co. in their R210
Power Compact. The Resistor
has a total resistance of 13,000
ohms in steps of 2000, 2000, 2000
and 7000 ohms. It is priced
at $2.65.
Vitrohm Resistors
^ for radio
I Vitrohm Resistors are
made by winding a special
resistance wire upon a
refractory tube and protecting both the wire and
terminal contacts with
fused-on vitreous enamel.
This process has been used
by Ward Leonard Electric
Co. for more than 36 years.
If Circular 507 , describing
Vitrohm Radio Resistors,
and "Vitrohm News" will
be sent you without charge
upon request.

WARD
38-32-33-3

EVERY

ADVERTISER

INDUSTRY

Equipped

VITROHM

3

. IN

EVERY

LAND

with
RESISTORS

T
JL ODAY'S electric radio receiver is a highly complex instrument
placed at your service by the throw of a switch and turn of a dial.
The intricacies of circuit and mechanical design probably do not
interest you; it is enough that the receiver operates to your satisfaction each time it is turned "on".
One criterion of probable receiver life is the quality of component
parts. The resistors, for example, limit current and voltage in
almost every part making up the receiver. Their failure frequently
means damage to other parts.
Vitrohm Resistors are most frequently chosen by those radio manufacturers who make certain that their product will serve you long
and well.
Vitrohm Resistors are chosen by every industry where the accurate
control of current and voltage over an indefinite life is of importance. Make certain that the power supply unit in your next
electric radio receiver employs them.

LEONARD
ELECTRIC
MOUNT VERNON, N.Y.

CO.

Radio Service in a Philadelphia Hotel
THE Hotel Robert Morris in Philadelphia, in common with
Networks of the National Rroadcasting Company or the Columbia chain. The radio control room is located on the top floor of the
many other hotels in the United States, has provided its
guests with a compelling reason to stay in their rooms in the
hotel and the equipment, in the main office on the first floor, is
evening The Robert Morris was equipped in March, 1925, and
operated by remote control. Constant volume level throughout
the hotel is maintained by using compensating and repeating
the unusual feature of the arrangement is that the widest possible program choice is offered to the listener. A plug with three
coils. By grouping the jacks in the various rooms in parallel series
it is possible to maintain reception in every room in the hotel
jacks is provided in every room and the three jacks provide the
program at the moment being transmitted over the Blue or Red
even though trouble develop in the outlet in one or more rooms.
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pect wholesale station elimination as a source of some means of increasing the number of stations
'HE acuteness of the broadcasting conthe radical improvement necessary for good of present powers operating on the same channel
problem focusses public attention
t;upon anygestion
method suggested to increase the country.
broadcasting service in every section of the without interference. Many schemes to effect
this result have been offered. They fall into three
capacity of the broadcasting band. Many proposals have been made, some of which hold
Consequently, the only measure of relief classifications:
promise and others which, if put into practice, which can be effective is the development of
(1) The elimination of the carrier whistle by
accurate control of the carrier frewould only increase the existing conquency of stations occupying the
fusion. Since the regulation of broad!5SJ<2*>j same channel, permitting service
casting has become a political matter,
range ratherthethannecessary
carrier range
determine
spacingto
the great danger exists that the stateService Range and Interference Range
ments of pseudo-scientists may be
between
stations
on
the
same
channel;
accepted and untried plans for station
'THE following table shows how the power radiated by a broadcasting station
*■ affects,
the " service
range," ofwhich
that and
distance
good andrecepsynchmnization will be forced into
tion will be (a)possible
independent
static,is day
night,over
rain which
or shine;
(b)
of both carpractice before they have been fully the "interference range," which is that distance over which the carrier wave of (2) The riersynchronization
and program, popularly refera
broadcasting
station
can
mar
reception
by
generating
a
heterodyne
whistle
red to as placing chain stations on
developed.
with the carrier wave of another station:
a single channel;
There are only two possible ways of
Miles
(3) The limitation of the carrier range
reducing congestion in the broadcast
to the service range of the station
Carrier
Antenna
Hich-Grade
band: (i), large numbers of stations
Satisfactory
Service
Interference
Power in Watts
Service
by the application of new princimust be eliminated, reduced to part
Range
250
ples of transmission.
22.5
5
10
1
time, or curtailed in power, or (2), the
625
3
Before
considering in detail the
number of stations of a given power,
100
500
65
10
actual methods for each of these
500050
30
160
successfully occupying the same chan1500
3000
350
90
nel, must be increased. Time division
50,000
general systems, what are the requirements for a plan which will increase
is already practiced to such an extent
If we divide
following
figures:the interference range by the high-grade service range we get the the capacity of the broadcasting band?
that further relief cannot be expected
from this source without too much
Four major qualifications must be met
Antenna
Interference Range Divided by
Power in50Watts
High-grade Service Range
and failure to meet any one of them
restriction of the service and earning
100
5
62.5
condemns any suggestion as useless.
83
power of existing stations. Power reThey are:
500
duction will only lessen the value of
50
5000
33
better stations; the tendency is toward
50,000
(1) The system must be of unfailing
The figures
columnas theshowratioclearly
high-power
increased power because it means
approach
closerintothethe right-hand
ideal condition
of the that
interference
rangestations
to the
reliability in operation. The adopbetter program service for greater
service range is decreased.
tion of closer spacing among staale*
tions on the same channel, the
numbers. Legal and political conobjective of most of the systems,
siderations make it impossible to ex5
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In preparing to write this article, the author
maintained a broadcasting station on its frequency by the zero-beat method for several
programs. When utilizing a crystal oscillator,
installed at the station, the comparison signal
is constant and powerful. The amount of skill
required and the cost of maintenance of the
equipment needed are within the reach of any
broadcasting station.
Independent crystal control, however, has
been described as too inaccurate and too unstable
to permit the perfect synchronization of two
carriers. As a matter of fact, there is no inherent
fault in the crystal oscillator which cannot be
corrected. What are needed are perfected means
of supplying crystal oscillators with absolutely
We will examine each proposal in the light of
constant voltages and means of maintaining the
these four qualifications. The first
crystal at an absolutely constant
general class of methods concerns
temperature.
those intended to eliminate the carA change of one degree centigrade
rier heterodyne or whistling intervaries the frequency of a crystal osference with which all listeners are
cillator bysixty to a hundred cycles.
now painfully familiar. The pitch of
The crystal oscillator is usually inthe carrier whistle depends upon the
stal ed ina penthouse on the roof of
/
Circle
/
Circle NoNo 21 High-Grade
Satisfactory Service
Service Range
Range \ \
a building where the transmitter is
difference in frequency between the
/
Circle
No
3
Interference
Range
\
twoor more carriers simultaneously
installed. Heat supply is often un/
\
certain insuch exposed locations and
actuating the receiving set. Suppose
/
\
/
we have two stations assigned to a
temperature variations of twenty
/
million cycles, or 300 meters, one
degrees, during operating hours, are
not uncommon. Such a change is
precisely on the assigned frequency;
/
the other one half of one per cent,
sufficient to cause a 2000-cycle variation in the frequency of a crystal
above it, or on 1,005,000 cycles. The
i
r \
oscillator.
resultant effect will be to impose a i
i
Crystals have been submitted to
5000-cycle note upon the programs
of both stations. If one station
laboratories by broadcasting station
/
\
/
owners with a view to finding out
deviates a hundredth of 1 per cent,
\
/
from the assigned frequency, the
\
why they do not hold the station to
/
\
its assigned frequency. Among these
resultant heterodyne will be a hun\
are ordinary quartz lenses, crudely
dred cycles. Accuracy of one part in
/
\
a hundred thousand is therefore
scratched and insecurely mounted in
\
essential if the carrier heterodyne is
contacting clamps. These worse\
than-useless crystals have been sold
to be reduced to a point below audibility. In that case, the maximum
to broadcasting stations with the
\
heterodyne note would be 20 cycles,
expectation that they will stabilize
carrier frequencies. The fact that a
assuming that both stations have
station uses crystal control is no
deviated in opposite directions from
the assigned frequency. Note the exguarantee whatever that it will remain accurately on its frequency
traordinary stability necessary to
SERVICE AREA AND INTERFERENCE RANGE
any more than providing an aviator
permit two carriers to overlap withThe circles show the relative areas of high-grade service range, satiswith a compass assures that he will
out heterodyne.
factory service range, and interference range, of a 50,000-watt broadarrive
safely at a distant destination.
The intensity of the whistle heard
casting station. Note how large the interference range is in comparison
at a receiving point is dependent
Proponents of the crystal oscillato the service range. The actual service area of this station does not
tor method have sometimes proved
upon the carrier energy received
extend beyond the area enclosed by circle No. 2, for at greater distances,
from the more distant station. The
their case by setting up two such
static and fading will interfere with good reception. The much larger
oscillators in the laboratory, both
degree to which it mars reception
area of circle No. 3 extends far beyond the area of fair reception.
using a slab from the same quartz
depends somewhat upon the ratio
Within this large area the station can create interference by generating a heterodyne with the carrier wave of another station, supposedly
of the carrier whistle to the amount
crystal. Such demonstrations, howof modulation received from the
operating on the same frequency, but actually transmitting on a freever, prove nothing because both
quency
slightly
higher
or
lower.
Accurate
stabilization
of
the
carrier
oscillators
are then working under
nearer station. An understanding of
frequencies
of
stations
operating
on
similar
frequencies
—
perhaps
by
these two statements will reveal why
exactly
the
same conditions. When
the quartz crystal method — will prevent heterodyne interference but
one of the oscillators is shipped to a
carrier synchronization will effec
will not prevent interference arising from the clashing of sidebands
distant station to control its carrier,
real relief under present conditions.
You have frequently heard a heterovarying temperature conditions
dyne of considerable intensity and waited for the
Four methods have been suggested for stabiliz- cause sufficient deviation to produce annoying
ing the carriers of broadcasting stations so as to heterodynes. With equipment now commercially
local station to sign off, in the hope that you
available, the crystal oscillator does not possess
could identify the distant station causing the eliminate the possibility of carrier whistle:
sufficient stability to eliminate the heterodyne
whistle. But you find it impossible to hear the
(1) Stable precision crystal oscillators;
whistle between two stations operating on the
slightest sound from the distant station. This is
(2) Remote manual control of carrier fre- same channel. Nevertheless, development of
due to thefact that the carrier spreads from thirty
quency;
precision oscillators, with accurate temperature
to forty times the distance that a high-grade pro(3)
Radio transmission of a reference fre- control, is a most promising line of research.
gram signal is heard and .also, because of the
quency; and
square law operation of the detector tube, the
(4) Wire synchronization of carriers.
MANUAL CONTROL OF FREQUENCY
carrier is subject to much greater amplification
The zero-beat method, employing crystal
than the audio-frequency modulation impressed
A NUMBER
of enthusiasts
have loudly
on it
heralded their
success in synchronizing
control oscillators, is now widely used. The station operator wears a headphone through which
their station's carrier with a single interfering
WHY STATIONS ARE SPACED
courses the output of the crystal oscillator and station by checking the heterodyne with a receivIN PRACTICE, this condition accounts for the also the station's radiated carrier frequency.
ing set remote from the broadcasting station.
1 great spacing required between stations of The frequency of the station is adjusted until This is the second method listed. By means of a
moderate power, if the service area of each of the two are in exact synchronism so that no wire connection with the station, the carrier
them is to enjoy undisturbed reception. The
heterodyne whistle is heard.
frequency is varied until the observed heterodyne
means that their temporary or permanent failure will bring heterodyne
whistles of much greater intensity than
are experienced under present conditions.
(2) The system must not demand an order of
operating skill beyond that obtainable by
average broadcasting station staffs.
(3) The first cost of equipment required and
its maintenance expense must not be so
high as to place it beyond the financial
capacity
of average broadcasting stations.
(4) The adoption of the system must not
require any substantial alteration in
transmitting and receiving equipment
and must entail no sacrifice in quality of
reproduction.

maximum high-grade service range of a 500-watt
station is 30 miles, but its average carrier range
is at least 1000 miles and often over 2000 miles.
Under average conditions, it delivers a distinguishable program signal to sensitive receivers
for perhaps 350 or 400 miles. If two stations on
the same channel are perfectly synchronizer.',
they would have to be spaced only 400 to 500
miles apart, without suffering audio-frequency
distortion within their respective local service
ranges. But, under present conditions, 1 500-mile
separation is necessary to reduce carrier heterodyne to the point that local reception is not
noticeably affected and complaints are often
registered with respect to heterodynes caused by
500-watt stations 2000 miles distant from the
receiving point.
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disappears. Because, in isolated instances, two
stations ha\u employed this method successfully,
it has been hailed as a panacea. In those cases
where two stations, assigned to the same channel,
cause a heterodyne sufficiently loud to permit
of easy elimination by the zero-beat method,
they both suffer audio-frequency distortion, due
to the interaction of their programs, even
within their immediate service areas.
Although the heterodyne whistle may be
eliminated, the system does not permit of accurate synchronization unless the receivers used
respond to frequencies below sixty cycles. Furthermore, the scheme merely accomplishes approximate synchronization between two stations
and affords no assurance that either station is on
its assigned frequency. Should any number of
stations on the same channel use this plan, that
frequency would become a raving bedlam, each
station trying to follow the others, each not
knowing what changes to expect in the frequency
of the others. The difficulties of manual frequency control can best be appreciated by setting up three or four regenerative receivers in
neighboring houses, adjusting them all in an
oscillating condition upon a predetermined
broadcasting station, and maintaining them
there without permitting an audible whistle.
The third plan listed is theoretically most attractive. Ashort-wave station is to radiate a
national synchronizing signal, to be used as a
reference frequency by all broadcasting stations.
This is accomplished by radiating a 10,000-cycle
note, impressed by modulation on a short-wave
carrier. A receiving set, installed at each broadcasting station, would pick up this signal, supply
it to a harmonic producer which multiplies the
received note to the assigned frequency of the
station. The station's carrier would then be
adjusted until it zero-beat with the output frequency of the harmonic producer. The transmitted synchronizing signal cannot be higher than
10,000 cycles because it must be a multiple of
every frequency used as a broadcast carrier.
The manual control of a broadcasting station's
frequency is difficult enough when a local crystal
oscillator at the station itself furnishes the reference frequency. But to use for this purpose a
weak and varying national synchronizing signal,
transmitted in most cases more than a third of
the way across the country, is like trying to
balance an egg on your nose. The carrier frequency of a broadcasting station is constantly
subject to slight variations, due to changing
temperatures of vacuum tubes, voltage changes
in the main power supply, and the effect of modulation peaks. Each of these variations must be
compensated by readjustment of the carrier
frequency. The source of the reference or comparison frequency must therefore be perfectly
stable.
A NATIONAL SYNCHRONIZING SIGNAL?
THE principal difficulty with the national
synchronizing signal plan is that the entire
country cannot be successfully blanketed by the
output of a single short-wave station at all hours
of the day and night. The received signal must
be sufficiently strong and stable to actuate
a harmonic producer and produce a steady reference frequency for every broadcasting station
in the United States. The system does not meet
the requirement of reliability. The cost of maintaining anational synchronizing station in continuous operation, even if divided among 700
broadcasters, and the rather elaborate receiving
equipment needed at each station is a serious,
though by no means insurmounta-ble, barrier to
the plan.
The fourth method is the employment of wire
lines for synchronizing stations. In the case of
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Energy from
No 1 Station
No 2 Station
Energy from
Resultant Energy
Intercepted by
Receiving Sets
Resultant Audible
Heterodyne Whistle
in the output of the
Receiver
WHEN TWO STATIONS INTERFERE
Station 1 may be operating on its correct frequency, but Station 2, which we will assume
should be on the same frequency, may be slightly
off its assigned frequency. A receiver tuned to
Station 1 also receives energy from Station 2.
The third curve shows what happens in the
detector circuit: the two waves combine and in
the loud speaker there is a heterodyne whistle,
constant in pitch, indicated by the fourth curve.
If the whistle is loud enough, it will completely
ruin reception. Accurate stabilization of the
carrier frequencies of all broadcasting stations
within an accuracy of at least .05 per cent, is
absolutely essential if reception is to be free of
heterodyne interference due to this cause
chain broadcasters, it might be possible to use the
order wire circuit interconnecting chains, but,
since chain circuits are set up for only an hour or
two each evening, the contribution to stability
which this would afford is quite negligible. There
are not enough telephone wire facilities to spread
a national synchronizing signal to every city
where a station exists. The cost of interconnecting hundreds of stations would run into several
million dollars annually. The economic burden
which wire synchronization on a national scale
would impose is entirely beyond the capacity of
the broadcasting industry to bear.

18 Per Cent.

69 Per Cent

28 Per Cent.

45 Per Cent.

27 Per Cent .
13 Percent,
Fair Service
V/////A Good Service
Very Good Service
STATIONS SHOULD
BE OUTSIDE CITIES
The drawings show the relative effectiveness of
two transmitters of equal power, one located in a
city and the other outside. As many listeners as
possible should be included within the good
service area of a station, which is possible by
locating the station outside of a city. Under such
conditions, 69 per cent, are located in the area of
good service compared with 45 per cent, in the
previous city location. Locating a station outside
of a city distributes more evenly the field
strength of the signals because the absorption
effect of steel buildings is removed. (Data from
Bell System Technical Journal, Jan. 1927)
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With respect to the second problem, the synchronization ofboth program and carriers on the
part of chain stations, many of the considerations
already discussed apply. The outstanding example of carrier and program synchronization
has been the successful simultaneous operation
of wbz in Springfield, Massachusetts, and wbza
in Boston. A special channel is utilized to transmit a synchronizing signal so that both stations
take their carrier frequency from the same
frequency source. Both stations invariably
broadcast the same program. The results of this
experiment have been satisfactory and the
question is often asked why all the stations of the
Red Network, for instance, do not synchronize
their carrier frequencies in the same way so that,
instead of occupying ten or twelve channels,
they would use but one.
The task of carrier and program synchronization of weaf and wlw, for example, as compared
with the synchronization of wbz and wbza,
presents some curious problems, the importance
of which is not generally realized. In the first
place, wbz and wbza are separated by only
seventy miles, while weaf and wlw are 570
miles apart. This eight-folds the wire leasing
costs for synchronizing the latter two stations,
making a truly imposing financial burden.
Secondly, the two stations do not continuously
and invariably radiate the same program. Were
they to radiate two different programs, audiofrequency distortion of both programs would be
sufficient to cripple the entertainment value of
both stations, even well within their local service
areas. Third, since large areas receive signals
from both weaf and wlw in appreciable
amounts, the received signals in such areas would
cause phase distortion. The reason that phase
distortion is not experienced more generally in
the wbz-wbza combination is that, because of an
inexplicable ether wall, there are few points
where an appreciable signal is received from both
stations.
Considering that radio waves travel 186,000
miles a second, it is hard to conceive appreciable
lag in the reception of the same program radiated
simultaneously from two different stations at
varying distances from a receiving point. But,
even in the hypothetical case of weaf and wlw
this lag may cause serious distortion. A listener
at Staunton, Virginia, where both weaf and
wlw are received with good volume, is approximately 272 miles from Cincinnati and 365 miles
from Bellmore. The distance from Bellmore is
93 miles greater than the distance from Cincinnati and therefore, theoretically at least, the
program from Bellmore would lag S-J0- of a
second behind that from Cincinnati. This would
cause serious distortion. Some frequencies in
the musical scale would be exaggerated and
others reduced in intensity.
Experience with the reception of several
signals from the same station, through the effect
of reflection and the influence of bodies of water
resulting in phase differences, offers valuable
evidence, tending to confirm the distorting
effect of synchronized chain broadcasting where
the receiver responds appreciably to signals from
more than one broadcasting station.
Ordinarily, the reception of two or three
signals from the same station does not seriously
affect quality because one of the signal sources
usually predominates over the others sufficiently
to make their influence negligible. But there are
many known cases where phase distortion accounts for the poor quality with which highgrade stations are heard in some areas. W hen
weaf broadcast from Walker Street, several
years ago, listeners in Pelham, New York, but
16 miles airline distance from the transmitter,
complained that, even with the best Of receivers.
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CARRIERS AND SIDEBANDS
Stations assigned to adjacent broadcasting channels transmit on carrier frequencies differing by
10,000 cycles. When programs are transmitted,
two sidebands are produced which introduce
into the transmitted wave, frequencies up to
5000 cycles above and 5000 cycles below the
carrier frequency; the station therefore uses a
band of frequencies 10,000 cycles wide. The
left sketch shows the frequency bands used by
two adjoining stations. The two carrier frequencies differ by 10,000 cycles; the sidebands
meet each other but do not overlap. This holds
true when two adjacent stations hold exactly
to their assigned frequency. If either station
varies, the condition shown at the right obtains,
where we have assumed that one station has
wandered from its frequency to the extent of
4000 cycles (4 kc.) deviation. This leaves the
carrier separation between the two only 6000
cycles (6 kc). Then, in the receiver output, we
would hear a 6000-cycle note, which may be
loud enough to ruin reception. Interaction between the two sidebands of the stations — shown
on the shaded portion
occursof the diagram — also
by means of this thermostat, checked by a
thermometer. A suitable heating coil is also
mounted in the constant temperature chamber.
The two crystals, supplied with this oscillator,
may be ground to any one frequency in the
band of from 550 to 1500 kilocycles. A small
selector switch is arranged to select either of the
two crystals. Should one of the crystals fail during the operation of a broadcasting station, it is
only necessary to throw this selector switch
which removes the defective crystal and cuts in
the spare crystal, which will be at the right
temperature to start operation immediately.
The oscillator circuit will consist of a vacuum
tube and coil system, the electrical constants of

which have been very carefully determined with
a view to being suitable to work with the quartz
crystals. A monitoring receiver, comprising a
suitable detector and two stages of audiofrequency amplification, in a separate box, has
also been designed for use in connection with the
quartz crystal precision oscillator. When these
two boxes (the quartz crystal oscillator and the
monitoring receiver) are used in conjunction, a
loud speaker may be connected to the output of
the last stage of audio-frequency amplification
and the quartz crystal frequency beat against the
carrier of the broadcasting station. Special
precautions will be taken to emphasize the low
frequencies so that the zero-beat note will be
heard at its greatest efficiency.
No definite claims have yet been made as to
the stability of this device, but there is no question that two stations, operating on the same
channel, both employing the device, will not
heterodyne each other seriously. It should eliminate the high pitched squeal and that, alone, will
justify its installation. It is not unreasonable
to expect that, with continued improvement
and experience with precision quartz crystal
oscillators, complete carrier synchronization
will ultimately be made possible.
NEW METHODS OF TRANSMISSION
THIS
incomplete
mentionsummary
were notwould
made ofbeseveral
proposedif
new methods of transmission, claimed to reduce
the width of the channel required by a broadcasting station. These methods are frequently
mentioned in public statements, issued as possible measures of relief by persons who must know
the objections to their adoption in the broadcast band. One is single side-band transmission,
accomplished by suppression of the carrier and
one side-band, as utilized in practice in the
transatlantic telephone. It has the vital objection that its adoption is predicated upon scrapping every transmitting and receiving equipment in the country. The broadcast receiver
necessary to pick up single side-band transmis ion is expensive and delicate. One of its
elements is an oscillator which must be adjusted
to within ten or fifteen cycles of the assigned
frequency of the station to be received, in order
to supply the missing suppressed carrier. To
reequip every broadcast listener with a suitable
receiver under this system would cost the public
not less than half a billion dollars.
Another suggestion along these lines is the
adoption of a new system of frequency modulation. For this has been claimed the extraordinary
virtue of accommodating simultaneously between one and two thousand broadcasting stations in the present band. The basic principle of
the system is that the carrier frequency is shifted
up and down according to the desired audio
signal to be transmitted. The receiving set is
tuned with extreme sharpness so that the shifting
carrier causes varying energy to actuate the
receiving set by reason of the detuning effect.
This sytem would also require the scrapping of
all receiving sets, unless the carrier is shifted
over so wide a scale that no economy of channels
is effected. The contention is also raised that a
shifting carrier sets up numerous- harmonics so
that the theoretically narrow band occupied
by the frequency modulated carrier would prove
to be in practice no narrower than that used by
broadcasting .stations operating under the
present
method's
A mostsimple
exhaustive
studyof ofmodulation.
the entire subject
will lead inevitably to the conclusion that progress in increasing the capacity of the broadcasting band will be steady but that no radical
developments, sufficient to offer a complete
solution to the present problem, are in sight.

•rier

the expectation of the most sanguine workers in
this field of research.
Considering the immediate possibilities of all
the proposed measures of relief, none holds
greater promise than the development of highprecision crystal oscillators with accurate temperature control. Realizing the value of a source
of constant-frequency oscillation, many laboratories have been concentrating on this problem
during the last few months. The writer has seen,
in the development stage, a new type of quartz
crystal precision oscillator for broadcasting stations which will probably be marketed by the
R. C. A. This device will consist of two accurately ground and matched quartz crystals
mounted in a constant temperature chamber.
The temperature is kept constant by means of a
thermostat and maintained at a given setting
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CHAIN STATION SYNCHRONISM
THE practical application of synchronization
of chams is thereby limited to the establishment of two or three groupings per chain rather
than placing all the members of a chain on a
single channel. This would not effect radical
saving of cleared channels, a maximum of four
or five for each chain being possible.
A further barrier to extended chain synchronization isthe fact that it can conserve channels
only if the stations involved broadcast chain
programs exclusively. Since most of the subscribing stations use chain programs only occasionally, an hour or two each evening at the most,
permanent assignments to synchronized channels
is now impossible. The cost of wire lines and
chain features is altogether too high to require
subscribers to chain programs to utilize only
chain programs. Yet, only under those conditions, would chain synchronization effect any
economy of channels. Most chain stations broadcast local programs and perform local services
during a majority of their broadcasting time.
These services would have to be discontinued or
transferred to minor stations under any plan of
widespread chain program synchronization.
Considering that the problem is to find comfortable room for nearly 700 stations in a band
of 89 channels, reliance upon the single measure
of chain station synchronization does not offer
any promise of real relief, even if the difficulties
cited could be overcome immediately.
A trend of development which holds some
promise is improvement in the permissible percentage of modulation without resultant distortion. This is the third general measure of relief
given at the beginning of this article. Its effect
is to increase the percentage of the high-grade
service area to the total carrier interference range
area. The experimental fifty- kilowatt transmitter
at Whippany, maintained by the Bell Laboratories, utilizes a new method of combining carrier
with program signal, said to effect one hundred
per cent, modulation. While the results, so far as
increased service range for a given carrier power
is concerned, are not startling, they are, nevertheless, appreciable. The engineering ideal to
be attained in this direction is that the carrier
shall cease to radiate at the edge of the station's
high-grade service area. The problem of setting
up an intense wave motion of any kind and making it cease abruptly at the limit of its usefulness
is a tremendous challenge to engineering ingenuity. Inradio transmission, there is room for
so much improvement in reducing the ratio of
carrier spread to useful service range that some
progress in this direction may be hoped for.
But that this development will have material
bearing in the present situation is not within
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only a weak and distorted signal could be received. A thorough investigation with loop receivers and field strength measuring equipment
revealed that two signals from weaf, apparently
coming in from two different directions and, at
some points, exactly 180 degrees out of phase,
tended to cancel each other. Similar effects would
- be experienced when two stations radiate identical programs on the same channel.
If a chain*of twenty stations were synchronized, the resultant reception, at all points beyond
the high-grade service range of the synchronizing
stations, would at least lack that clearness and
purity of tone which characterizes modern broadcasting and might be sufficiently confused to be
almost unrecognizable. Because of this consideration, desirable synchronization of chain
programs is limited to stations widely separated
geographically so that no listener is within the
practical range of more than one synchronized
station.
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THE struggle now shaking the foundations
of the radio industry has long been brewing. On one hand is assembled a group of
militant independent manufacturers, vigorously
attacking an alleged monopoly whose grasping
tentacles reach into every branch of the radio
field; on the other hand, the radio mouthpiece
of vast electrical interests, claiming, with injured
innocence, that it was born out of patriotic motives and possesses its imperalistic power over
the radio industry by virtue of its widespread and
proper patent rights. Drawn into this conflict are
the Federal Courts, the Federal Trade Commission, Congress, and the Federal Radio
Commission.
The consequences of this struggle may be farreaching. So great is the patent strength of the
combination that little reliance is placed upon
upsetting the validity of enough patents which it
holds to free the industry of its domination. Nor
is there any vast sum being spent in research to
develop non-infringing vacuum tubes and associated circuits. Instead, attack has been made
upon the methods used in taking advantage of
its patent position and upon the fundamentals
of the patent itself.
Several bills before Congress propose drastic
revision in the powers conferred upon all patent
holders; one, for example, seeks to make revocation of patents the penalty for violation of antitrust laws so that companies conducting research
and promoting progress will suffer more severely
than those which simply copy designs and infringe patents. Another bill proposes that patents applying to vacuum tubes shall not confer
upon their holders the same rights which apply
to all other articles, a plain discrimination against
one industry.
Another line of attack is through the Federal
Radio Commission. The commission is severely
criticized by Congress, to which it reports, and
by hostile station owners, for the privileges extended to the chain stations, partly owned by
the combination. Bills proposing equal geographic distribution of broadcast transmitters
are being written, requiring the destruction or
curtailment of useful and popular broadcasting
services. The operation, of such a law would inevitably require power reductions on the part of
weaf, wjz, wgy, and kdka, all N. B. C. stations.
No avenue is being overlooked to injure, directly
or indirectly, any and every activity of the combination.
Let us view the situation sanely. A wave of
resentment has arisen against the power of the
Radio Corporation of America and the huge
electrical interests backing it. This power is
based upon the ownership of patents, in themselves alegal monopoly. The restrictions imposed
by patent holders are escaped either by abandoning the field, paying royalties, or devising new
methods which do not infringe. Many companies
in the radio industry have elected to pay royalties. There is no indication that any of the unlicensed independents are making any real effort
to devise non-infringing designs. They elect to
follow none of the three customary alternatives.
Politics have further clouded matters in a fog
of flaming oratory. Bills are proposed, with the

Persistent

Oh

RADIO

qejCEEEEME
Cry

of

paiho

mNi.s

Monoply?

intention of injuring the Radio Corporation of
America, which, if passed, will accomplish that
objective, but will also mutilate both the present
broadcasting structure and the entire patent
structure upon which American industry has
been built. The. Radio Corporation of America
should be punished for any crimes of which it is
guilty, but it would be unfortunate if unwise
legislation were enacted in the current anxiety
to inflict punishment.
The foundations for the present situation were
laid shortly after the war. American communications had been greatly hampered, both during
and after the period of neutrality, by foreign
censorship and foreign ownership of cables and
long-distance radio communications. Naval
officials desired the establishment of an American
owned transoceanic network and an American
radio industry so that channels of communication and sources of supply for war needs would
always be available. No one company had access
to a sufficient number of patents to enable it to
conduct a profitable transoceanic radio service
or even to manufacture modern vacuum-tube
transmitting and receiving apparatus.
With the encouragement of high naval officials,
the Radio Corporation of America was formed
in 19 19. It was given rights, in a patent pool
comprising the principal radio patent holders,
to conduct transoceanic services and marine
communication and also to sell transmitting and
receiving apparatus to the handful of amateurs
then operating. The pool consisted of the American Telephone & Telegraph Company and its
subsidiary, the Western Electric Company, the
General Electric Company, the Westinghouse

RADIOMAR1NE CORPORATION ORGANIZED
The ship-to-shore marine radio communications
of the Radio Corporation of America were transferred to a new subsidiary, the Radiomarine
Corporation with which was combined the Independent Wireless Company. Charles J.
Pannill, former president of the Independent, is
now vice-president and general manager of
Radiomarine and J. P. Duffy, for years superintendent of the New York division of RCA
marine, has been appointed superintendent of
operations. Mr. Duffy is shown above
9

Electric
Wireless
company
pool and
each for
activity.

& Manufacturing Company, and the
Specialty Apparatus Company. Each
threw their radio patents into the
received license under all the patents,
use in a particular and limited field of
The fundamental objective of the combination sought by the Navy was promptly
accomplished. The world-wide communication
system came into being. Had this been the
only result of this pooling arrangement, there
would be no conflict to-day.
Radio broadcasting came in an avalanche of
public enthusiasm in 1920 and 1921. Itis obvious
to anyone who has read the original agreement,
upon which the patent pool is based, that broadcasting was not contemplated when the pool
was formed. But the patent structure which was
thus built up has established an almost impregnable domination of the radio industry. Considering the immense research facilities of the
group and the important patents which its various members have purchased, it is in a position
to maintain that hold, unless its patent rights
are abridged or modified.
At the beginning of the radio boom seven
years
ago, few of the
group's radioindustry
patents grew
had
been adjudicated.
An independent
up and flourished in total disregard of these
patents. A few gestures were made by the group
to make known its patent holdings, such as sending infringement warnings to manufacturers by
registered mail regarding the Pickard crystal
patents, but no effort was made to make the
public conscious of the importance of the pool,
its research facilities, and the patents which it
held. Suits were filed which are only now being
finally settled.
With recent adjudications, all of the large
producers, representing about three fourths of
the industry's volume, have become licensees of
the group. The remainder have been unable or
unwilling to meet the license terms, with their
minimum annual royalty guarantee of $100,000.
The independent vacuum-tube industry has
been virtually destroyed by the effects of one of
the clauses of the license contract which requires
that all licensed radio sets be equipped with tubes
sold by the R. C. A. or Cunningham, a subsidiary.
This clause has been adjudged as a case of restraint of trade under the Clayton Act. The
R. C. A.'s justification might be among other
things, that no one can make tubes without
infringing their patents (adjudicated and unadjudicated), and hence there is no legal comThis, briefly, and stripped of many ramificapetition.tions, is the background of the situation. The
combination was formed with a useful and patriotic purpose which has been successfully accomplished. Itsexistence was also instrumental
in initiating the first permanent broadcasting
and, more recently, in making possible a source
of a comprehensive license to manufacture radio
receiving sets without infringement of any but
a few patents held outside of the group. Several
members of the combination are responsible for
vitally important research work, contributing to
the modern standard of radio reproduction.
Strongcompanies anddominent groupsexist in-
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every important field of industry. But in none is
the dominant group so generally disliked and so
freely criticized. Mention of the General Motors
to an independent automotive engineer or motor
car wholesaler does not have the effect of ruining
his digestion or moving him to profanity. Why
all this resentment against the radio combination?
The Radio Corporation of America is singularly devoid of public relations sense. It has never
effectively set itself to the task of winning public
goodwill. Only when under attack does it offer
belated explanations. It conducts its affairs in a
dictatorial manner, deciding for itself what is
good for it and what is good for the entire industry. Itregards the interests, but apparently
not the opinion, of the public. The severest penalties are imposed by the court of public opinion.
We must distinguish between publicity and
public relations. Publicity is a matter of releasing information to the press. In this respect the
R. C. A. is highly efficient. It issues publicity
material copiously. Public relations involve
every
relationship
with those
outside
personnel,
not merely
relations
witha company's
the press.
The building up of satisfactory public relations
requires that every act, however small, be considered inthe light of public understanding and
interpretation.
It may be legal to collect royalties based on
the gross business of a licensee, but how will the
public react to the knowledge that one manufacturer, making a cheap table model radio set,
pays three or four dollars royalty on each set he
makes, while another, using the same patents in
the same way, pays fifteen or twenty dollars
because his set is of high quality and is housed
in a piece of fine furniture? How will the public
feel when it learns that R. C. A. patent royalties
have been sufficiently large to add greatly to the
cost of producing radio sets and to make the
operations of some of the most successful independent companies almost profitless?
An early adjustment of the present situation
must be effected, lest it cause the passage of
legislation detrimental to all patent holders. Any
law which makes a patent less valuable and offers
less protection to the owner of a patent will
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discourage scientific research and rob the independent inventor of his incentive to devote himself to progress. Unless considerable forbearance
and cool judgment is displayed by all the parties
involved in the present controversy, the only
possible outcome is legislation which will permanently weaken our patent structure. Aroused
public opinion may exact too great a penalty,
unless the patent holding group be guided by
more of the spirit of live and let live.
Radio Laughs at Wired Wireless

Retailing, leads
, Radio
poraryissue,
OURoff, contem
in a recent
with a stirring editorial tothe effect that the radio industry
can no longer "laugh off" the approach of wired
wireless. It states that the program services,
which the electric companies will soon pour into
American homes via the power lines, will be
r quality to "space" broadca
sting and
superio
hints thatin radio
will have difficulty in competing
with them. The publication solemnly warns the
radio industry to prepare for the competition
of wired wireless.
Because of the well-earned reputation of our
contemporary, these editorial remarks have
created some uneasiness in the radio trade. It is
our
however,
that wefor can
wiredview,
wireless
competition
many"laugh
a year.off"In
fact, we very gravely doubt that the future of
wired wireless is as rosy as Radio Retailing believes itto be.
If the electric power companies can find better
symphony orchestras than the Philharmonic
and the New York Symphony, more important
prizefights than the Dempsey-Tunney, better
bands than the Marine Band and the Goldman,
greater artists than Jeritza, Mary Garden, Gall i
Curci, John McCormack, Gigli — oh well, what's
the use of continuing — anything they can unearthwill quickly be recruited tothe broadcasting
field. The power companies will require as
elaborate and as expensive transmission equipment as do broadcasting stations serving an equal
area. There is no reason to believe that the wired
wireless company can secure talent at a lower
cost than can broadcasting companies. They
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cannot claim better transmission quality because
power lines also have their share of atmospheric
noises and, in addition, current surges and disturbances which are fully as great, if not greater,
than those with which radio contends. They
cannot claim more faithful reproduction because
radio now encompasses practically all the frequencies heard by the human ear. Wired wireless
has no advantage over radio in cost of program
and technical operations or in reproduced result.
The most important claim, made by the supporters of wired wireless, is that it will not put
forth publicity programs. Wire broadcasting will
derive its revenue, not from transmission, but
from reception. The consumer will pay directly
at a rate probably ranging between three and ten
or twelve dollars a month, depending upon
whether he is content to use headphones or
wishes high-grade loud speaker reception. We
hazard the prediction that the electric power
companies will, sooner or later (and probably
sooner), yield to the temptation of making occasional remarks about electrical appliances,
good lighting and a few other things which will
promote the sale of electrical apparatus and increase current consumption. The monthly wire
broadcasting toll will be a much more serious
obstacle to spreading wired wireless than is the
publicity accompanying commercial radio programs tothe growthof the broadcasting audience.
The American public is not accustomed to
paying for something which it can secure without
direct payment. The monthly payment feature
of wired wireless will confine its market very
largely to public places, such as restaurants, hotel
lobbies, and railroad station waiting rooms. That
element of the consuming public which considers
programs coming over an electrical circuit so
superior to radio reception that it is waiting for
the coming of wired wireless is not, and never has
been, a prospect for radio sets.
We believe our contemporary has considerably
exaggerated the possibilities of wired wireless.
The radio industry has little or nothing to fear
from its competition. Wired wireless will serve
a field peculiar to itself and has a valuable mission
to perform but, in so doing, it will not be a serious
or dangerous competitor to the radio industry.
Congress Dabbles with the Radio
Situation

KM

radiointense
situati
during
tinly onbusy
CONGRESSkering withhasthebeen
the last few months. The House Committee on Marine and Fisheries, the Senate
Committee on Interstate Commerce, and the
Senate Patent Committee have been the scene
of endless hearings, inquiring into every phase
of broadcasting and radio manufacturing. The
result, at the time of writing, has been to paralyze
the Federal Radio Commission into almost
complete inactivity and to confuse the entire
situation with a riot of rabid opinions.
It is likely that some form of legislation will
be passed by the time this editorial appears,
presumably extending the life of the Radio Commission for another year. The opposition to this
course is based largely on a desire to embarrass
Secretary Hoover with the radio situation by the
automatic operation of the unamended Radio
Act of 1927. If the situation does revert to his
jurisdiction, he must make some progress with it
and. in so doing, will incur the enmity of politicians in the areas affected. Thus Congress,
unable to help the radio situation by intelligent
legislation, proceeds to use it to its own political
advantage.
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A SAMPLE OF FACSIMILE TRANSMISSION

BY THE

HORN SYSTEM

Nothing of particular novelty has been revealed inany hearings and only one statement of
importance has been made. A bill has been pro-
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posed to clarify the equitable distribution of
broadcasting service clause of the Radio Act of
1927. The total wattage of broadcasting stations
in the southern district is less than that of the
largest single station in the northeastern district.
The Federal Radio Commission is being blamed
for this situation and is charged with discrimination against the south. To bring about a modification, the bill proposes that the total wattage
of the five districts shall be equalized.
Commissioner Caldwell responded to this
destructive suggestion by pointing out that the
principal program sources of the entire country
would, by the operation of such a provision, be
required to suffer substantial power cuts, depriving immense rural populations of their favorite program services. There are neither stations
nor frequency space sufficient to bring up the
total wattage in the less progressive areas (speaking only from the broadcast transmission standpoint), and, consequently, the only possible way
in which to observe the proposed law would be
to reduce the power of every station in the New
York district by eighty per cent., or eliminate
a large number of medium and high-power
stations. Many of the politicians were highly irexpositionritatedofby Commissioner
the situation but,Caldwell's
so forceful succinct
was his
logic that the only answer, so far made, has consisted of pointed and — it seems to us — unjustified insinuations about the Commissioner's
susceptibility to the influence of the great broadcasters.
Commissioner Caldwell is to be commended
for stating the facts so plainly and having the
courage, at this time, to stick to the truth even
though it be favorable to the viewpoint of the
N. B. C. Political wisdom dictates a different
attitude but he is swayed only by a desire to
serve the listener.
The only other activity of the Commission
has been the issuance of a formidable list of frequency and power changes by Commissioner
La Fount, affecting stations on the Pacific Coast.
These changes promise to clear up many existing
heterodynes. It seems quite apparent, at this
writing, that congressional bungling will prolong
the present unsatisfactory radio situation for
another year.
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PROGRESS

ards of education and entertainment, if it is to
be popularized. We have interviewed manv
broadcasting station managements on this subject, and have found that this fact is generally
appreciated. Program managers have apparently
learned that the first and most important factor
to be considered in any radio presentation is that
it shall please the radio audience. To this rule,
picture broadcasting is no exception.
ANNUAL
GERMAN

POLICE USE THE KORN
PICTURE SYSTEM
In recent months, the Korn picture transmitting
system has been adopted for regular use by the
German police. The illustration shows a sample
of the received picture. Average transmitting
time for a picture is said to be 2^ minutes
time. Look at the apparatus. It is top cumbersome. It is only the
in experimental
Considering
great numberform."
of years that
photo transmission has been the subject of experiment both here and abroad and the success
obtained by such pioneers as Korn, Jenkins
and Baird, and the recent successes of the Bell
Laboratories and Alexanderson, it is surprising
that picture broadcasting is so slow in becoming
a supplement to tone broadcasting.
PICTURE BROADCASTING MUST CONTAIN NO "ADS"
MR. DAVID CASEM, Radio Editor of the
New York Telegram, pointed out editorially recently that numerous commercial broadcasters are already considering ways and means
in which they can use picture broadcasting. He
points out that, if picture transmission is used to
distribute miniature billboards in the home, its
growth will be stifled at the outset. The public
is not going to buy picture receiving apparatus
in order to have itself exploited by advertisers.
Mr. Casern's point is well taken. Picture
broadcasting must adhere to the highest stand-

REPORT OF THE R. C." A.

THE annual report of the Directors of the
Radio Corporation of America to stockholders, for 1927, indicates a substantial improvement inthe transferred
corporation'sto financial
position.
The net income
surplus amounts
to $8,478,320, as compared with $4,661,397 for
the previous year. About seven per cent, of its
gross business is the result of its transoceanic
services, the need for which inspired certain naval
officials
company's
formation.to Itsencourage
combined the
transoceanic
and original
marine
business is but nine per cent, of its total business.
It collected, during 1927, $3,310,722 for royalties, of which about one and a third million cover
past damages. An interesting item among its
assets is nearly ten and a half million dollars in
accounts receivable. It is not generally considered
that this is largely inventory and it may be
mostly uncollected royalties. Although more
than three million dollars were collected as
patent royalties, a good part of the surplus has
been devoted to reducing the value of the patents
credited in the balance sheet. They are now down
to a little over five and a half million.
THOSE interested in studying sales and distribution figures will find the report compiled by the Electrical Equipment Division of
the Bureau of Foreign and Domestic Commerce,
aided by N. E. M. A., on stocks of radio equipment in the hands of radio dealers, very illuminating. This is the second of a series of quarterly
reports to be issued. A little over 30,000 dealers
contributed to the information. On October 1,
the dealers had 65,921 battery sets in stock and.

BAIRD TELEVISION APPARATUS ON SALE
PRESS dispatches from London announce
that Selfridge's is selling Baird television
outfits at a price of thirty-two dollars per set.
Investigation reveals, however, that this equipment consists only of the parts for building a
shadowgraph transmitting outfit. The amateur
transmitting enthusiast can send, at his home, a
moving hand or a shadow made by a cardboard
figure held before the outfit. The cost of the
receiver parts, to be marketed later, will be approximately the same. The shadowgraph offers
a field for entertaining home experiments and it
should promote interest in the problems of television.
As to the commercialization of television in the
United States, a statement made by David
Sarnoff of the Radio Corporation of America,
before the New York Electrical League, is
significant. He is quoted in the press as saying:
"We will hear much more about these developments within the next year. My guess is that,
within five years, they (television receivers) will
be as much a part of our life as sound broadcasting isnow."
An unnamed representative of the R. C. A.
is quoted in the New York Times, when questioned as to how soon the Alexanderson still
picture transmission apparatus will be placed on
the market, as follows: "Oh. it will be a long

THE KORN SYSTEM OF RADIO PICTURE TRANSMISSION
Doctor Korn (extreme right) demonstrating his latest transmitter to German police officials. Synchronism isachieved by synchronous motors and the received picture is made on light-sensitized paper
revolving on a drum in a light-proof chamber. It is said that the armies of Italy and Japan use the
Korn "telautograph" which enables aeroplane
to draw simple maps and then radio them
direct toobservers
their bases
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on January 1, the number had fallen to 62,778.
The total stock on hand averages but two per
dealer, a number insufficient to cause uneasiness.

not in a position to require that an independent,
assigned to a cleared channel, shall not use chain
programs after receiving such an assignment.

Here and There

ASST. Secretary of Commerce for Aeronautics
William C. McCracken, Jr., announced
that, approval had been obtained for the erection
of a radio control station at Key West to be
operated by the Airways Division of the Lighthouse Service. It will provide and exchange
weather information between terminal airports,
radio communication to aircraft in flight, and a
radio direction service.

THE Association of National Advertisers
has appointed a committee to make a survey
of broadcasting as an advertising medium. They
will endeavor to ascertain the average audience
listening to a radio program. Their task is
equivalent to determining the number of cricketschirping at any given instant, in a swamp, on a
foggy summer evening.
LIEUTENANT Commander Craven has been
assigned to the Federal Radio Commission
by the Navy Department to grapple with the
short-wave problem.
ALTHOUGH it is definitely known that
both the N. B. C. and the Columbia chains
will have microphones at the political conventions, just how these events will be handled is
not yet made clear. Both chains have commitments to commercial broadcasters and any alterations to their schedules are made at the price of
commercial income. Mr. Aylesworth of the
N. B. C. has pointed out these difficulties and
issued a general hint through the press that the
entire convention proceedings might be sponsored by one commercial broadcaster. It appears
that there was no great rush of volunteers as a
result.
STATION woai, San Antonio, Texas, recently joined the N. B. C. network. It
had been one of the few independent stations
assigned a cleared channel by the Federal Radio
Commission. The Commission has no control
over the programs radiated by a station and is

THE transatlantic telephone service has been
subjected to a forty per cent, cut in rates,
reducing the basic rate from New York to London to $45 for three minutes and $15 for each
succeeding minute. The hours of service have
been extended to from 7:30 a. m. to 8 p. m.
Eastern Standard Time, corresponding to 12:30
p. m. to 1 a. M. in Great Britain. The service to
Berlin, Hamburg, and Frankfort was inaugurated
on February 10, and to Sweden on the 20th.
THE Department of Agriculture is extending
its broadcasting service through naa,
Arlington, by issuing weather reports on several
frequencies, both in telegraph and voice. The
new schedule will benefit aviation and agriculture in particular.
OFFICIAL reports of American exports of
radio apparatus in November indicate
their aggregate value to be about one and a
quarter million dollars, with Canada, Argentine,
Australia, and Uruguay the largest purchasers.
I f I A Chinese broadcasting organization has been formed which will rent time from
a radio telephone plant at Shanghai. A subscription of ten dollars a year is to be charged each

Estimated Number of Radio Receivers in Use
United Stales, January 1, 1928
THROUGH
of the radio
division,of National
Association, the
the courtesy
figures showing
the number
radio sets Electrical
now in use Manufacturers'
are presented.
New York, California, and Illinois, are the leaders in order, according to this survey.
Note the number of estimated sets in the southern states, figures which are interesting,
in view of the efforts of some Congressmen, especially from southern states, to have an
"equitable station-power distribution" clause made a part of the present radio act.
STATE
TOTAL SETS STATE
■ TOTAL SETS
Alabama
45,000 Nebraska
118,000
Arizona
25,000 Nevada .
15,000
Arkansas
42,000 New Hampshire
....
25,000
California
704,000 New Jersey
209,000
Colorado
89,000 New Mexico
18,000
Connecticut
125,000
New
Y'ork
.
....
876,000
Delaware
15,000 North Carolina
....
48,000
District of Columbia . . . 44,000 North Dakota
35.000
Florida
......
73,000
Ohio
464,000
Georgia . . •
64,000
Oklahoma
104,000
Idaho
26,000
Oregon
121,000
Illinois
539,000
Pennsylvania
501,000
Indiana
184,000
Rhode Island
53,000
Iowa
176,000
South Carolina
22,000
Kansas
104,000 South Dakota
....
41,000
Kentucky
46,000 Tennessee
52,000
Louisiana
74.000 Texas
188,000
Maine
39,000 Utah
33,000
Maryland
56,000 Vermont
19,000
Massachusetts
328,000 Virginia
56,000
Michigan
336,000 Washington
217,000
Minnesota
129,000
West
Virgm'a
50,000
Mississippi
28,000 Wisconsin
169.000
Missouri
227,000 Wyoming
20,000
Montana
29,000 Total
7,000,000
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member to meet the cost of providing programs
and employing announcers, f f f The
municipal authorities of Buenos Aires are planning to extend the service of their station, los,
in the Colon Theatre, which has so far been used
exclusively for broadcasting operas and concerts
from the stage of the theatre, 'a \ ( The
number, of licenses in the Australian broadcasting system has now reached 300,000. One highpower station has been erected in each capital
city, and in Melbourne and Sidney there are
two. Telephone lines for interchange of programs
are frequently used, f f { A controversy rages as to radio concessions extended
by various Chinese administrations. Japan has
an agreement, negotiated by the Chinese Ministry of the Navy, which gives it a monopoly for
thirty years. In 1921, the Federal Telegraph
Company made a contract with the Chinese
Ministry of Communications for five stations to
be operated by the American company for
twenty years. The British also obtained contracts on behalf of the Marconi Wireless Telegraph Company. Apparently an exclusive license
in China is non-exclusive. I f I In
Europe, the International Radiophone Union
regulates the frequencies and time assignments
of broadcasting stations. The Hungarian Government has been barred from admission to this
organization at the plea of Czecho-Slovakian
delegates. The Hungarians have been accused
of using their stations to spread propaganda, attacking the Treaty of Trianon, thereby, endangering the integrity of Czecho-Slovakia.
f t f All existing telegraph records
were broken during the Christmas season in
England when the inter-empire beam radio
telegraph system transmitted no less than 31,694
Christmas greetings from Great Britain to the
dominions at a speed of 400 words per minute,
without a single repetition being required. ? I J
German police systems have adopted the Korn
system of picture transmission which is built
along lines which have become conventional.
Korn is a pioneer in the field, having, as early as
1907, transmitted newspaper photographs between Paris and London. Synchronous motors
and neon lights are used.
THE PATENT SITUATION
IN A decision
the District Court forreleased
DelawareFebruary
held that18,Clause
IX
of the Radio Corporation of America license
agreement with radio set manufacturers constituted an unfair method of competition in
violation of the Clayton Act. Clause IX of the
license agreement required that each set made
under license be equipped with a complete complement of R. C. A. tubes, sufficient to make
them initially operative. A suit for $10,000,000
damages was subsequently brought by a group
of independent tube manufacturers who avowed
that the operation of this clause virtually
paralyzed their business. Section III of the
Clayton Act specifically provides that its provisions shall apply whether the article, in behalf
of which unfair methods are employed, is patented or not.
In a suit brought by the Westinghouse Company, under the Armstrong patent, against the
Tri-City Radio Company, the effect of continued
acquiescence and acceptance of royalties on certain regenerative sets sold prevented the collection of damages. The Tri-City was. a licensee
under the Armstrong patent prior to its acquisition by the Westinghouse Company. It appointed asub-manufacturer to make the goods
for it, although the original license— did
E. not
H. F.permit such sub-manufacture

Short- Wave

Receiver

A SHORT-WAVE RECEIVER FOR 11.2 TO 219 METERS
Its construction is fully described in the article below, data for making the coils also being given. The three coils shown by the side
of the receiver are for the 175, 80, and 20 meter ranges. A table on page 14 gives the number of turns for various frequency bands
By Lloyd T. Goldsmith
Col. E. H. Green Radio Research

THIS article describes the construction of a
single-tube receiver and coils to go with it
to cover the frequency band between 1.37
and 26.7 megacycles (1 1.2 to 219 meters approximately) The receiver may be used with any audio
amplifier system.
It is completely shielded in a copper box iof"
wide, 9J" deep, and 6" high. The copper sheet
from which the box is made is tz" thick. All
joints are soldered and the top opening of the
box is reenforced with \" by \" by tV' angle
brass which is soldered to the copper. Holes are
drilled
in thewhich
angle tobrass
machine
screws with
fastenforon\"the8-32cover.
The
screws are soldered into the angle brass. The
cover is of sheet copper reenforced at the edges
and center with a strip of brass \" wide by tV
thick. Holes are drilled in the strip around the
edge of the cover to allow the cover to fit down
on the angle brass where it is tightly held by
hexagonal nuts. Although it takes a few moments
to remove and replace the cover when changing
coils, this method of shielding has been found
to be very complete and mechanically strong.
The copper box is screwed to a 10" by 1 \ \" by
tV wood baseboard to which is also fastened by
three wood screws the 7" by 12" bakelite panel.
The only objects on the panel are the tuning
and regeneration controls and the output binding posts. Note that the copper box is not centered behind the baseboard but is set in \" from
the left-hand edge of the panel in order to allow
room for the output binding posts at the right.
At the rear of the set there is a bakelite strip
on which are mounted four binding posts for connections tothe antenna, A battery, and to the detector positive terminal of the B battery. The
three battery wires go into the copper box
through one hole and the antenna lead through
another. Most of the parts are mounted on an
inside baseboard ioj", by 85", by iV thick.
As will be seen by reference to Fig. 1, the antenna iscoupled to the antenna coil through a
General Radio midget variable condenser of
15-mmfd. capacity, Q. A General Radio coil
mounting holds the plug-in coils and is spaced
a generous distance from the sides of the box.
The tuning condenser, C3, is a Cardwell of 50-

31SV mmfd. capacity of the straight frequency-line
type. The regeneration condenser, C2, is a National of 250-mmfd. capacity. The latter two
A "Super" for Code Work
condensers are mounted directly on the copper
THE short-wave receiver described in this article box and bakelite panel. Each is provided with a
has been designed for use with any ordinary
audio amplifier, and when so used, will he found 4" National Velvet vernier dial.
The grid condenser, C4, is a 100-mmfd. Sanextremely sensitive, especially for code reception.
The main purpose for its design, however, is its gamo across which is a Tobe 8-megohm grid
leak, Ri. The detector tube is a ux-201-A and
adaptation to the super-heterodyne unit described
on the pages following those devoted to the present fits in a General Radio ux type socket mounted
article. The super-heterodyne combination will on a General Radio rubber cushion to absorb
shocks and reduce noises. The leads to the socket
not be satisfactory for short-wave phone reception
due to the peaked characteristics of the intermediateare of flexible rubber-covered wire. The radiofrequency amplifier. It will, on the other hand, be frequency plate choke, L3, is a Samson No. 85
wonderfully sensitive for code reception.
— The Editor.
of 85 mh. inductance The audio-frequency
choke, L4, in the positive B-battery lead is a
SI®*55 Samson No. 3 of 3 henrys inductance. The audio-
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FIG.
-A
+ AI
Circuit diagram of the short-wave receiver described in this article

14
frequency current is bypassed to filament through
a i-mfd. Tobe condenser, Cs, which in the
photograph can be seen mounted on the baseboard beneath the regeneration condenser. The
copper box is grounded to the positive A binding
post.
No rheostat, filament switch, or voltmeter is
provided on the receiver because it is designed
primarily to be used with the screen-grid tube
super-heterodyne described in the article following this one in this same issue, and common A
and B batteries are used, the A battery connections for the receiver being taken off the filament
terminals of the second detector socket of the superheterodyne. Inthis way the filament switch
on the super-heterodyne controls the filaments of
all the tubes, and the voltmeter reads their filament voltage, which is adjusted by the master
rheostat.
The plug-in coils are mounted between §"
bakelite strips provided with General Radio type
274-p plugs. The socket, or base, into which the
coils are inserted, is a General
Radio 274-B base, which retails
complete for $1.00. The plugs on the
coils must be so spaced that they
will plug into this standard base.
The tickler is mounted next to the
antenna coil when it is of the same
diameter as the latter, but in the
larger coils, to save space, it is
mounted within the secondary coil.
In any case, the tickler should be at
the filament end of the secondary
coil.
*
The coils are wound on a bakelite
tube which has been cut in half
diametrically and held together by
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1j
2)
^OILSize of
No. oj Secondary (
Diameter
Wire
Turns
(Inches) (D.C.C.)
18
4
18
18
18
9
18
U
18
22
54
37

■9
No.13 of Tickler Coil
Sim oj
Turns Diameter
(Inches)
(D.C.C.)
Wire
103
4
6
22
22
22
16
22
22
22
22

Frequency
(Megacycles)
16.7 -26.7
6. - 9.4
2. 1 -18
- 3.33
11.5
2.87- 4652
4.2-6.
1 .37- 2. 17

Wavelength
Approx.)
18 1-16.7
-1 1 . 2
26.
(Meters36 2 —-3I.-9
22 6
1 0450 . 5-65
.2
71-4-46
143
-90
210 -138

:n!NIi;i:m:i: ■ i,-:w:i ri-ri in ru'i -i niri !:■ ■ i-i .:■nrM
A TABLE OF COIL SIZES
Comp ete details of the number of turns for the secondary coil, Li, and
the tickler coil, L», for various frequencies are incorporated in this table
■TO |
Brass Ring
drilledScrew
& tapped
Machine
brass end rings. Fig. 2 shows the construction ofthe coil form. The desired
number of turns is wound on the form
CM
and given two light coats of collodion.
"■*'
When the coil is dry the screws are
removed from the end rings, the latter
are slipped out, and the bakelite
form is pushed together so that the
coil can be slipped off. The inside of
the coil is then given a coat of
-Bakelite
Tubing
"s Brass end Ring
collodion to add to its mechanical
5" strength.
The accompanying table gives data
if
on the number of turns, size of wire,
FIG. 2
diameter of the coil, and the freConstructional deta Is for the coil form
quency band covered with the tuning
condenser used. In the front view of the receiver
are shown the 175-meter coil, the 80-meter coil,
and the 20-meter coil, while the interior view of
the set shows the 40-meter coil in place.
Elaborate constructional details have not been
given in this article for it is felt that those interested will be sufficiently versed in the art of
amateur set construction to build the receiver
from those data presented. The layout of apparatus can be distinctly followed by reference to
the photographs, and the circuit diagram is
so simple as not to require an elaborate exThe receiver as described is complete and
planation.
ready for operation with any audio amplifier.
It was primarily designed, however, for code reception, and particularly to be used in conjunction with the super-heterodyne unit described in
the article beginning on the next page.
The following parts are required for the singletube receiver described:
List of Parts

AN INTERIOR VIEW OF THE RECEIVER
The parts are numbered for cross reference to the list of parts in the column immediately to the right

Ci — General Radio 15-Mmfd. Midget Variable
Condenser
C3 — Cardwell 50-Mmfd. Variable Condenser
C2 — National 250-Mmfd. Variable Condenser
C4 — Sangamo loo-Mmfd. Fixed Condenser
C6 — Tobe i-Mfd. Fixed Condenser
Rj — Tobe 8-Megohm Grid Leak
Li, L2 — Plug-in Coils (Specifications in Text)
L3 — Samson No. 85 Choke
L4 — Samson No. 3 Choke
General Radio ux Tube Socket
Six Eby Engraved Binding Posts
General Radio No. 274-B Coil Mount
General Radio Rubber Socket Cushion
Two 4" National Velvet Vernier Dials
7" x 12" x TV Bakelite Panel
10" x 1 1 \" x rV Wood Baseboard
iOj" x 85" x T%" Wood Baseboard
withStrip,
CoverAngles,
iof " xetc.
g%" x 6"
BrassCopper
Angle, BoxBrass

TWO SCREEN-GRID TUBES ARE USED IN THE INTERMEDIATE AMPLIFIER OF THIS SUPER-HETERODYNE UNIT
The unit has been devised for use with an existing short-wave receiver (such as that described in the previous
article), converting it into a remarkably efficient short-wave super-heterodyne, especially suited for code signals

A

Superheterodyne

for

By Lloyd

THE standard receiver used for short-wave
code reception usually consists of a detector
(such as that described in the preceding
two pages) and one stage of audio-frequency amplification, although sometimes a second audio
stage is used in an effort to secure more volume.
In the latter case, unless a selective amplifier is
used, the noise level is amplified in about the
same proportion as the received signal, which is
undesirable, as the real aim is to amplify the
signal and not the noise. This difficulty suggests
that the signal be amplified at a radio frequency
rather than at an audio frequency in an effort
to amplify it more than the noise background.
Radio-frequency amplification at very high radio
frequencies has not been found very satisfactory
but if the signal be changed to a radio frequency
of the order of 20 to 100 kilocycles, amplification
is not only satisfactory for the signal gain alone
but from the point of view of increasing the signalto-noise ratio. This is what is done in the superheterodyne. Inaddition, if the radio-frequency
amplifier stages are sharply tuned, the selectivity
of the receiving apparatus as a whole is very materially increased.
With the increase in the number of transmitting stations operating on the shorter waves,
the need is becoming greater for a receiver giving
all possible practical selectivity. In an attempt
to realize these requirements the super-heterodyne described in this article was built.
Super-heterodyne receivers using 201 -a type
tubes with impedance-coupled and tuned transformer-coupled intermediate-frequency amplifiers built and tested at the Massachusetts Institute of Technology have been found very much
worth while in the reception of long-distance
short-wave telegraph signals. Upon obtaining the
new screen-grid tubes, a super-heterodyne was
constructed at the Institute using these tubes
as the intermediate-frequency amplifiers. The
construction of this receiver is described here.

Short* Wave

Code

Signals

T. Goldsmith

The arrangement, as will be seen by referring
to Fig. [, consists of two stages of intermediatefrequency amplification using screen-grid tubes,
a beat frequency oscillator, a detector, and
one stage of audio amplification, using 201-A
tubes. The unit as a whole is intended to follow
any short-wave
the latter's
detector tube as an receiver,
autodyne using
frequency
converter,
and changing the signal frequency to 50 kilocycles. The super-heterodyne unit is particularly
adaptable to the short-wave circuit described on
the previous two pages.
The first intermediate-frequency stage has a
tuned transformer input circuit. The transformer, T,has an air core and is a spool made of
f" diameter bakelite having a winding space
f" wide
by fturns
" deep.of The
secondary
winding
sists of 1000
No. 28
d.c.c. wire.
Over conthis
are placed a few layers of paper to prevent possible grounding of the two windings. Over the
paper the primary is placed, consisting of 250
turns of the same wire. The secondary can be
tuned to an intermediate frequency of 50 kilocycles by means of a 500-mmfd. variable condenser or to 30 kilocycles if an additional fixed
capacity of 1000 mmfd. is shunted across the
variable condenser.
With a given plate voltage the voltage amplification of the screen-grid tube is directly proportional to the effective impedance which can
be built up in its plate circuit. (See "Characteristics of shielded-grid Pliotrons," by15 A. W. Hull
and N. H. Williams, and " Measurements of HighFrequency Amplification with Shielded-Grid
Pliotrons," by A. W. Hull. Both of these papers
appeared in the Physical Review, April, 1926,
Vol. 27.) This fact should be kept in mind when
choosing values of inductance and capacitance
to be used as a coupling impedance. In this case
the coils, L, are No. 85 Samson choke coils which
can be tuned from 20 to 50 kilocycles by a 500mmfd. variable condenser. Honeycomb coils

were tried as coupling impedances and slightly
greater amplification was obtained, but because
of the ease of mounting and compactness of the
Samson choke coils, they were used in the final
receiver. These chokes are helical wound and
although their direct-current resistance is higher
than that of a honeycomb coil having the same
inductance, their effective resistance at radio
frequencies is much less.
The variable condensers are provided with
insulating shafts to keep the radio-frequency
circuits as far away from the panel as possible
and all except the first are mounted on the shields
with insulating pillars. The interstage coupling
condensers, d, are of 2000-mmfd. capacity and
the grid leak, Ri, is of 100,000 ohms. The Bbattery voltage is 135 volts and the screen-grid
voltage is 67.5 volts.
The filament voltage is reduced to 5 volts by
means of a 2-ohm master rheostat in the positive
A-battery lead and the filament voltage of the
screen-grid tube is further reduced to 3.3 volts by
1 5-ohm fixed resistances, R, placed in each of
their negative filament leads. The grid returns
are brought to the battery sides of these resistances giving a grid bias, equal to the drop in the
resistance R, of approximately 1.7 volts negative.
For grid detection in the second detector the
grid condenser is of 2000-mmfd. capacity and the
leak can be from 4 to 8 megohms where the plate
voltage is 45 volts. Provision is made for a C
battery if plate detection is used.
A small amount of regeneration or resistance
neutralization is introduced into the plate coupling impedance of the second intermediatefrequency stage to secure increased amplification
in that stage. The effective shunt impedance of
the parallel circuit, consisting of the plate coil
and condenser, is limited by the resistance of
the circuit. The introduction of regeneration reduces this effective resistance, giving a greater
effective impedance in the plate circuit, with
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correspondingly increased amplification. (See
"Complete Suppression of a Single Frequency
by Means of Resonant Circuits and Regeneration," byJ. A. Stratton. Journal Optical Society
of America. Vol. 13, No. 1, July 1926.) Regeneration isaccomplished by means of a small tickler,
Lo, in the detector plate circuit of 25 turns wound
directly on the plate coil of the second intermediate-frequency stage. The tickler can be cut
in or out as desired by means of a switch, K,
mounted on the front panel. The receiver was
not designed for broadcast reception and with
air condensers to tune the intermediate-frequency stages, the tuning is too sharp for quality
reception. If, however, fixed condensers of the
proper capacity are used to tune the intermediate
stages, it is probable that the response curve
would include a band 10 kc. wide. The amplification would probably be reduced accordingly.
With a 50-mmfd. tuning condenser across the
secondary of the short-wave detector out of
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voltage is then necessary as when receiving
unmodulated signals.
The oscillator is a "shunt feed" Hartley type
the frequency of which is regulated by a variable
condenser of 500-mmfd. capacity in shunt with a
fixed condenser, C2, of 1000-mmfd. capacity for
30-kilocycle operation, or 750-mmfd. capacity for
50-kilocycle operation. The oscillator coil, L3,
consists of 1500 turns of No. 28 wire wound on
the same kind of spool as is used for the input
transformer, T, the filament tap being made one
third of the way from the grid end of the coil.
Some difficulties were encountered in adding
a stage of audio-frequency amplification as the
separation between a 50-kilocycle radio-frequency signal and an audio-frequency signal of
approximately 2 kilocycles is relatively small.
To keep the 50-kc. component out of the audiofrequency circuit a single-section filter having
a cut-off at approximately 5 kc. is used in the
detector plate circuit of the detector. The filter is
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stage coupling through the B-battery leads. All
battery binding posts, as well as the output
posts, are mounted on a bakelite terminal strip
at the rear of the set.
The aluminum shields are 5" by 6" by 9"
except the first which was cut down to 4" by
6" by 9". The first shield contains the input
transformer, with its secondary fixed, and variable condensers. The second and third shields
contain the first and second stages of intermediate-frequency respectively, along with their
associated coils, condensers, etc. The 1 5-ohm
fixed resistance in the filament circuit of the first
screen-grid tube is within its aluminum shield
while the fixed resistance in the filament circuit
of the second screen-grid tube is mounted at the
rear of the baseboard behind the shields.
The input lead to the first stage is brought out
through the top of the first shield and connects
directly to the control grid cap of the first screengrid tube, which projects through a hole in the

O 67»5 VL

The circuit arrangement of the short-wave super-heterodyne unit. The outof theposts
short-wave
receiver left.
which
"super"
connects
to the
two putinput
on the extreme
The precedes
first two thetubes
are the
intermediate
amplifiers, and they are followed by the second detector and audio stage.
The lower tube is the beat frequency oscillator
which this amplifier v/orks, the outfit is as selective as one dares make it. An a.c. note appears
and disappears in one half a division on the
100 division scale of the condenser when
working in the 3- to 4-megacycle (75-100
meter) band.
In the ordinary short-wave receiver employing
a simple oscillating tube as a detector of c.w.
signals, the detector is made to oscillate at a
frequency differing one or two kilocycles from
the incoming signal and the resulting audible
beat is heard in the telephone receivers. In tuning the detector when followed by the intermediate-frequency amplifier described here, the
beat frequency is made an inaudible frequency
of 50 kilocycles, instead of the usual one or two
kilocycles. To reduce this to an audible frequency
an oscillator whose frequency can be varied is
made to beat with the 50-kilocycle intermediate
frequency and give a difference frequency of one
or two kilocycles as desired. The beating oscillator voltage is fed to the grid circuit of the second
detector tube through the grid leak resistor. The
audible beat frequency produced in the second
detector is then amplified by the stage of audio
amplification. For phone reception the oscillator
tube is removed from its socket as no beating

a simple "pi" section consisting of a 3-henry
choke in the detector plate lead preceded and
followed by 2000-mmfd. and 1000-mmfd. fixed
condensers respectively. The choke is a Samson
No. 3 which has a small open iron core.
There is nothing unusual about the stage of
audio amplification. The transformer is a Samson
with a 6 to 1 ratio and there is provided a pair of
output binding posts as well as the usual output
jack. The B-battery voltage is 135 volts and the
grid battery is 4.5 volts.
The baseboard is 23^" by 10" by J". The front
panel is of bakelite and is 24" by 7" by rVThe first three dials tune the intermediatefrequency stages while the fourth controls the
frequency of the beating oscillator. All the dials
are 4" National Velvet Vernier dials. At the right
there is provided a Weston double-range voltmeter to read plate and filament voltages while
below it are the 2-ohm master rheostat, filament
switch, and output jack. The regeneration switch
is between the third and fourth dials and is a
Yaxley jack switch of the single-pole doublethrow type. The two input binding posts are at
the extreme left of the panel, Plate-voltage leads
are provided with Samson 3-henry chokes and
i-mfd. bypass condensers to prevent inter-

top of the shield. The output lead of the first
amplifier stage is brought out through a hole in
the top of the second shield and connects with
the grid cap of the second shield grid tube, which
projects through a hole in the third shield. To
prevent pick-up by these leads they are wrapped
in copper foil which in turn is grounded. This
aids in the prevention of oscillation in the stages
and helps materially in securing stable operation.
The tube sockets are raised on blocks of wood in
order that the control grid may project as far
as possible through the hole in the top of the
shield. The grid terminal is insulated where it is
likely to come into contact with the edge of the
hole and the grid lead is wound into a spiral
spring which makes a tight connection to the
gridTheterminal.
last shield, placed at right angles to the
first three, contains the audio beating oscillator.
All the shields are connected together and
brought to a binding post at the rear of the set
marked " Ground." In this way effects of grounding the shields individually or collectively, the
negative A alone, or shields and battery together,
may be noted. Behind the oscillator shield there
is the detector, filter, and the stage of audio amplification.
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A SUPER-HETERODYNE

FOR

SHORT- WAVE

CODE

SIGNALS

should be as few as pos- usual two-control short-wave outfit. The first
sible and no larger than
three dials of the amplifier are set at about the
necessary All radio- same values and a station tuned-in on the receiver while the oscillator dial is varied to give
frequency circuits
the desired note. The first three dials are readshould be kept within
350
the shields, by the use of
justed carefully for maximum volume. Now the
chokes and large bypass entire amplifier can be left untouched, all the
condensers in the plate tuning being done with the tuning and regeneracircuits particularly.
tion controls of the short-wave receiver. The
300
regeneration switch on the amplifier can be used
The amplification
curves were obtained
as a rough volume and selectivity control.
If the receiver described by the author on
by the substitution
pages 13 and 14 is to be operated with the screenmethod using a vacuumo 250
tube volt-meter. A 50- grid super-heterodyne unit, the following statements hold. Because of the fact that the variable
kilocycle voltage from
condenser across the secondary of the input
an oscillator is impressed
transformer of the super-heterodyne unit is
by means of a calibrated
resistance on the input mounted directly on the aluminum shield, the
S 200
of the single stage and a ground post of the shields of the super-heterodyne cannot be directly grounded to the positive
reading is taken on the
vacuum-tube voltmeter
A battery but can be done so through a i-mfd.
connected in the plate fixed condenser. This is necessary because the
circuit of the detector.
copper shield of the receiver is necessarily
Then the stage is cut grounded to the positive side of the A battery
out and a second voltage while the first aluminum shield of the "super"
is impressed upon the has been connected to the negative side of the
input terminals of the battery. When using the two sets together, then,
detector of such a value the positive side of the A battery is grounded
as will give the same
and the shields of the "super" are connected to
the positive A binding post through the large
reading on the volt- condenser.
meter. This input voltThe following parts were used in the conage will be larger than
struction ofthe super-heterodyne unit:
when the stage of amplification isused and if
List of Parts
the current through the
variable resistances is
49
50
51
kept the same in both T — Special Input Transformer (See Text)
FREQUENCY-KILOCYCLES
— Samson Audio Transformer, 6-1 Ratio
cases, the voltage im- Ti
FIG. 2
pressed will be directly L — Two Samson No. 85 Choke Coils
Li
—
Five Samson No. 3 Choke Coils
Showing the voltage amplification for a single r.f. stage with or
proportional to the
— 25-Turn Tickler Coil (See Text)
without regeneration and for different tubes and forms of coupling
corresponding values of L2
resistance. The ratio of L.3 — Special Oscillator Coil (See Text)
C — Four
500-mmfd. National, Variable Condensers
EXAMINING THE CURVES
the value of resistance used without the stage of
amplification to the value of resistance used Ci — Four 2000-mmfd. Sangamo Fixed Condensers
with the stage of amplification gives the voltage
AN EXAMINATION of the amplification
curves of Fig. 2 shows that at 50 kilocycles amplification of the stage. All measurements are C2 — Three
densers1000-Mmfd. Sangamo Fixed Conthe maximum amplification obtained in one stage made with the oscillator tube removed from its
C3
—
Five
i-mfd. Dubilier Fixed Condensers
socket and a resistance of 10,000 ohms is placed
with the plate impedance used is 155 without
R
—
Two
15-Ohm Carter Fixed Resistances
in
series
with
the
test
leads
from
the
calibrated
regeneration and 370 with regeneration. By
Ri — 100,000-ohm
Tobe Resistor with Mounting
Mounting
amplification is meant the ratio of the voltage resistance to represent the plate resistance of the R2 — 4-Megohm
Durham Grid Leak with
appearing across the plate impedance to the first detector which is normally shunted across
R3 — 2-Ohm General Radio Rheostat
voltage impressed on the grid. The curves also the primary of the input transformer.
As has been mentioned, the amplifier is for Five General Radio Sockets
indicate the sharpness of tuning of a single stage.
The amplification obtained in both stages of code reception with any autodyne receiver and Yaxley Filament Switch
K— Yaxley S.P.D.T. Jack Switch
intermediate frequency is rather difficult to it may either be connected in place of the primary
Midget Open-Circuit Jack
measure accurately because it is so great but is of the audio-frequency transformer of the re- Carter
Ten
Eby
Engraved Binding Posts
c
e
i
v
e
r
,
o
r
more
simply
by
connecting
its
input
in the order of 25,000 with regeneration. The
Four 4" National Velvet Vernier Dials
amplification obtained in the stages of inter- terminals in series with the positive detector B- White Pine Baseboard 235" by 10" by \"
Bakelite Panel 24" by 7" by Ty
battery lead of the receiver.
mediate frequency of other super-heterodynes
built at Massachusetts Institute of Technology
The operation of the complete receiver is no Aluminum Shields, Extension Shafts. Insulating
Pillars, Angles, Wood Screws, Etc
using UX-201-A tubes has been (see Fig. 2) in more complicated than the operation of the
the order of 25 for one tuned amplifier stage and
16 for one stage of impedance-coupled amplification with high-mu tubes. (These data were
presented in an unpublished report of Green
Radio Research, Massachusetts Institute of
Technology).
A compromise had to be made between greater
amplification secured by increased regeneration,
and sharpness of tuning. In the present arrangement the amplifier is not well adapted to the
reception of voice and music as the width of the
band of frequencies passed in a single stage is
not more than 1400 cycles.
Too much stress cannot be laid upon the need
of proper shielding when using the screen-grid
tube. The grid leads from the tubes must be
shielded from all the plate circuit apparatus of
A PANEL VIEW OF THE SHORT-WAVE "SUPER UNIT
the same tube. The covers of the shields would
Despite the number of dials on the panel, the receiver is no more difficult to tune than the ordinary
be much better flanged to eliminate cracks after
two-control short-wave receiver. After the dials on the super-heterodyne unit have once been set,
the cover is put on. The holes for the wires
all the tuning is done by means of the controls of the short-wave receiver which precedes the "super"

R4

A

UX-201-A
UX-171-A
(CX-301-A) (CX-371-A)
THE SIMPLICITY OF THE D C. AMPLIFIER IS EVIDENT FROM THIS PHOTOGRAPH

D.CL

LI

R1

Power

Fuse

R1

R2

Amplifier
By Victor

THE problem of getting really fine tone
quality, power, and volume from an amplifier entirely electrically operated from a
1 1 5-volt direct-current supply is one that has
frequently stumped the fan who does not live in
a district where a.c. is available. Many still believe that it is not possible to do away with B
batteries where the supply is d.c. in nature, and
still get good quality and volume.
The problem for a time was a baffling one, but
the introduction of power tubes, especially those
of the 1 7 1 -a type, has made possible the design
of a power amplifier that has won the approval
of all those who have heard it.
The solution lies in combining a stage of transformer-coupled amplification with a second stage
of push-pull, using two tubes in parallel on each
side of the push-pull system. Ninety volts are
placed on the plate of the first tube (a ux-201-A

Tl

R3

and

B

Supply

L. Osgood

van

nsv

About the Amplifier —
electricallyTHE
operatedmajority
receivers ofnowself-contain
on the marketed are
designed
to function by plugging into an alternating-current
source. While there are some manufactured receivers
now available for use where the supply is d.c, these
are few and far between. Constructional articles on
d.c. equipment have been equally scarce, mainly due
to the fact that the districts where d.c. is supplied
are considerably in a minority. The combined power
amplifier and power-supply unit described in this
article is especially for the much-neglected constructor whose house supply is d.c. It will handle as
much undistorted output as will a single iyi type
tube with 180 volts on the plate and 40.5 volts on the
The Editor
grid — sufficient for ordinary home— purposes.

or a cx-301-A) with a grid bias of 4.5 volts, and
power tubes of the 171-A type are employed in
the push-pull system with a plate potential of
105 to 110 volts and a grid bias of 22.5 volts. The
input connection to the amplifier may be made
direttly to the plate of the detector tube in the
receiver itself. Four ux-171-A (cx-371-A) tubes
are used in the push-pull system, as shown in the
schematic diagram, Fig. 1, and they can supply
an output of 700 milliwatts to the loud speaker.
This will be found ample to give excellent tone
quality and volume. A push-pull amplifier sometimes has a tendency to oscillate and for this
reason a 25,000-ohm resistance, R3, is connected
in the center tap lead of the input push-pull
transformer to absorb any unbalance in the circuit which would otherwise tend to make the
amplifier oscillate. The filaments of the 171-A
type tubes in the power amplifier are lighted with
power obtained from the 11 5-volt line after the
voltage has been reduced by resistance Ri.
The circuit is arranged so that plate potential
for the radio-frequency amplifying tubes and the
detector is available; thus the necessity for B
batteries is altogether eliminated.
Even though the supply is d.c. some filtering is
necessary to eliminate the commutator ripple in
the voltage. The filter circuit used here, however,
is very simple, consisting of one choke coil, Li,
and a 4-mfd. filter condenser, O. Two 1 -r.ifd .
bypass condensers, C2 and C3, are also necessary
across the two intermediate voltage taps. The
d.c. voltage rating of these condensers need not
be more than 160 volts. Either 67 or 90 volts are
available for the plate circuits of the r.f. amplifiers, the choice of voltage depending upon the
individual set and the owner's preference.
Biasing voltages are supplied by dry batteries.
Were we to take the required 22.5 volts C bias
from the power line, we would, of course, have to
deduct just that much from the total voltage
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Radio Broadcast Photograph
TUBES USED IN A TYPICAL A.C PUSH-PULL AMPLIFIER AND B SUPPLY
This photograph is shown for the benefit of those who may complain that there are too many tubes in the d.c unit described in the
accompanying article. There are five in all for the d.c. combination, representing an outlay of about $\ 5.50. The tubes in the photograph are necessary for the high-quality a.c. push-pull amplifier and B supply described in the February Radio Broadcast. They
represent an investment of more than double that required for the tubes of the d.c. unit. The a.c. unit is, however, capable of
handling considerably more power
available for the plates of the amplifier tubes,
thereby reducing the output of the amplifier.
Since no current is drawn from the C battery, it
will last a very long time. It will be noticed that
the positive end of this battery is connected
to the center of the resistance, R2, which is connected across the filament circuit. This connection to a center point is used for the same reason
that a tap is made at the center of the filament
winding in an a.c. power unit, i.e., to eliminate
the effect on the grid and plate of any ripple (a.c.
component) that exists in the filament voltage.
The method is a distinctive feature in that it
obviates the necessity of an expensive filter
system.
One precaution should be observed when
operating the amplifier: Never remove tubes or
change them while the amplifier is in operation.
To do so will cause excessive filament voltage to
appear on the tubes left in the circuit with the
result that some or all of them may be blown out

or paralyzed. Always throw the line switch to
the "off" position before making any adjustments or alterations in the power amplifier.
The ground binding post on the radio receiver
must be connected to the ground binding post
on the amplifier. No connection from these posts
to ground
will
occur. proper is to be made or a short-circuit
The plug connecting to the light socket should
be reversed if the amplifier fails to operate when
the power is turned on. The following parts are
necessary for the d.c. amplifier:
Parts List
Ri — Six Ward Leonard Vitrohm Resistors, Type
WX-14.3, in Series
R2 — Ward Leonard Vitrohm Resistor, Type
507-53
R3 — Ward Leonard Vitrohm Resistor, Type TR4 25,000
— Ward Leonard Vitrohm Resistor, Type
507-64

THE D.C UNIT WITH THE

Li — Thordarson Filter Inductor, Type R-196
Ti — Thordarson Audio Transformer, Type R-200
T-2— Thordarson Push-pull Input Transformer,
2408
T3 —Type
Thordarson
Push-pull Output Reactor,
Ci —Type
Dubilier
2420 4-Mfd. Condenser Type 901
C2, C3 — Dubilier i-Mfd. Condensers, Type 901
C4 — Dubilier 0.005-Mfd. Condenser, Type 6oi
Ten Eby Binding Posts
Cord and Attachment Plug
Two Five-Ampere Fuses with Mountings
One Line Switch
Five Eby Sockets
One ux-201-A (cx-301-A)
ux-171-A's
CFourBattery,
22.5 (cx-371-A's)
Volts (Small type with tap at
be
used.)
16.5 or 18 volts. Five4.5-volt C batteries may
Ward Leonard Perforated Cage
Bakelite or Metallic End Panels for Cage
Transite
18" x 7" xFeet
\" Type 507-21
Four WardBaseboard,
Leonard Mounting

PERFORATED CAGE IN PLACE

Compactness Is Symbolized in the Interesting Screen-Grid Receiver Described Below

A

Five-Tube

Screen-Grid
By James

CONTRARY to the impression created
in the minds of most radio set constructors and experimenters at this time, the
ux-222 type of four-element tube is far more
than just a plaything for the engineers of some
of the large radio research laboratories. Rumors
of some of the difficulties encountered in the
highly experimental applications of the new
tube should not be misconstrued by the home
constructor to mean that he too may become
entangled in involved engineering problems
when he attempts to build a simple set with a
ux-222 type tube as a radio-frequency amplifier.
In fact, not only can the home constructor
build such a receiver with less trouble than one
in which a ux-201-A is employed as the radiofrequency amplifier tube, but also he will at the
same time obtain markedly superior performance.
► For a good many years now the BrowningDrake receiver has been recognized as one in
which simplicity of construction, and excellence
of performance, have been combined in a most
satisfactory manner. The use of the screen-grid
tube as the radio-frequency amplifier in this receiver not only improves its general performance
but also simplifies its construction and operation.
Fig. 1 shows a diagram of the screen-grid tube
Browning-Drake receiver described here.
Without resorting to the use of shielding or
neutralization, the receiver may be made exceedingly stable. Even the operation of the detector circuit is improved because all advantage
can be taken of the regeneration control without
throwing the r. f. tube into undesired oscillation.
Because the r.f. tube is not on the point of
oscillation most of the time, the tone quality
obtainable from the receiver is also improved.
But the real pleasure to be derived from the
operation of such a receiver comes from the way
in which it will break through the locals in even
such congested areas as New York and Boston

Milieu

and bring in distant stations with volume and
quality.
When the original model of the receiver shown
in the illustrations was hooked up in the writer's
laboratory outside of Boston, a wire about 3
feet long was employed as an antenna. The dial
was tuned to approximately the setting that
should bring in the nearest local station — wbet.
Sure enough, in came a dance orchestra with volt<@f—
~
^^^ISV
A COMPLETE receiver using a screen-grid
tube in a Browning-Drake circuit and an
impedance-resistance amplifier is described in
this article by Mr. Millen. The interesting points
are: The antenna or r.f. stage is kept in resonance
with the detector circuit by means of an inductance trimmer; (which in reality converts the
antenna coil into a variometer) it is not necessary to neutralize or shield the amplifier which
uses the screen-grid tube; the plate voltage is
choke-fed to the r.f. amplifier.
This receiver, with a ten-foot antenna wire,
proved to be a DX-getter in the Laboratory.
During an average evening it was possible to
receive Chicago stations and wsm with about the
same selectivity and sensitivity as an average
commercial receiver of five or six tubes. Considerable selectivity was gained by the use of such a
small antenna directly connected to the grid of
the r.f. amplifier. A longer antenna connected
through a small fixed condenser added little to
the efficiency of the receiver. Originally designed
in the laboratory of the National Company, the
receiver
was subsequently tested by Radio
tory.
Broadcast, and was found eminently satisfac— The Editor.
<yge)i' — — — — ^— ^— . —
l(§)»p
ume and quality about right for wbet, considering the short antenna used. And then, with the
end of the musical selections, came the announcement— wmbb, Chicago!
20

Receiver

By the time the local stations began to sign
off for the evening, we had had about everything
but the Coast. But even a more pleasant surprise
was when wjz was brought in through the local
wnac (only 10 kc. separation) with practically
no cross talk.
The secret of good selectivity with this type
of receiver seems to be in the use of a very short
antenna, the use of a regenerative detector, and
the use of the slot wound high-impedance
transformer primary. Certainly the transformer
coupling, along with the proper location of coils
and condensers, is responsible for the extremely
stable operation. The grounded metal drum
tuning control placed as it is between the two
tuning units offers considerable shielding. This
drum, which is of the vernier type, is also of
considerable aid to easy tuning.
The tuning unit employed is similar to the
regular National Browning-Drake unit, except
that the inductance of the slot wound primary
of the r. f. transformer has been increased and
the neutralizing winding has been omitted. An
inductive or variometer type of antenna compensator or trimmer has been included to keep
the r.f. stage accurately in tune.
The 15-ohm cartridge in the negative lead of
the ux-222 filament circuit serves the double
purpose of dropping the voltage down to the
proper value and also of supplying the grid bias
potential for this tube. In the other lead is a
20-ohm rheostat serving as a volume control.
It will be noticed that a radio-frequency filter
circuit, composed of an r.f. choke and a i-mfd.
condenser, is used in the screen-grid lead. As a
result of such an arrangement no trouble will
be had in operating the receiver from a B
power device. With some such device the condenser alone is sufficient, but in most instances
the addition of the choke is well worth while.
The r. f. choke for the detector plate circuit

A
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The actual assembly and wiring of the receiver
21
is quite simple and straightforward. The first
step is to prepare the front and sub-panels
(See Fig. 2). The tuning unit, sockets, audio
components, and all other parts, are then
mounted in place on the sub-panel, and the set
is completely wired before mounting the front
There is only one long lead carrying any r.f.
current, and that is the one from the plate of the
panel.tube to the primary of the r.f. transformer.
222
The heavy line in Fig. 1 indicates the frame
of the tuning unit, and by making connection
to this frame at several convenient points the
wiring is considerably simplified. A short length
of flexible rubber-covered hook-up wire with a
fuse clip or other suitable connector at one end is
used as the contact to the "cap" or control grid
of the 222 tube.
OPERATING NOTES

■1,0*
c c A A B 45 90 135 180

AS ALREADY intimated, very excellent
performance may readily be obtained with
a short wire connected directly to the control
grid of the ux-222 (the cap on
top of the tube) as an antenna.
I'n fact, such an antenna is to
be recommended for use wherever extreme selectivity is desired. Where the set is not
located very close to any broadcasting stations, however, a
20- or 25-ft. indoor antenna
may be used if preferred. Such
an antenna should be connected directly to the tap of
the antenna coil. Where the
conventional 50 to 60 ft. outdoor antenna is to be used, the
series antenna condenser must
be employed, and the lead
taken to the tap provided in the
coil, as in Fig. 1. Such an
antenna will be found of
considerable aid in increasing
the rangeceiver and
volumestations
of the re-in
on distant
HOW THE RECEIVER LOOKS WITH FRONT PANEL REMOVED
any location where local inThe prototype of the receiver described in the article

FIG. I
The schematic diagram of the five-tube screen-grid receiver
is incorporated as part of the
1st stage National Impedaformer specified in the list of
parts.
THE AUDIO-FREQUENCY
AMPLIFIER

THE impedance - resistance
coupled amplification employed is capable of excellent
tone quality at a reasonable
cost. The first stage Impedaformer consists of an r. f. choke
coil, plate impedance, coupling
condenser, and grid resistor.
The second stage unit differs
from the first only in that it
does not include an r.f. choke,
while the third stage unit comprises aplate resistor, coupling
condenser, and grid impedance.
There are several advantages
in the use of this "reversed"
Impedaformer as the last coupling unit. First, it
improves the operation of the amplifier when
used with B-power units by overcoming any
tendency toward "motor-boating," which is
encountered at times with straight impedancecoupled amplification, and second, it makes possible the use of a high-mu tube in the second a.f.
stage. In the plate circuit of the power tube is ina
filter to protect the loud speaker.
corporatedtone
The grid bias for the first audio tube is obtained from the voltage drop across the filament
equalizor while that for the power tube is obtained from the voltage drop across the filament
equalizor, while that for the power tube is obtained from a dry C battery.
It will be noticed that a 0.8-ohm filament equalizor isemployed in the negative A lead to drop
the A battery potential down to the 5 volts
required for all the tubes save the 222. The 15ohm equalizor then drops the 5 volts down to 3.3
volts for the filament supply of the 222, as mentioned before.
The filament current required for the dial light
when added to that of the 222, makes a total
of a. quarter of an ampere, so that the standard
0.8-ohm equalizor provides the proper conditions. The use of 5 volts instead of 6 across the
dial light filament makes no appreciable difference in the brilliancy of the scale illumination,
while it does materially increase the life of the
small bulb.

-W-
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#6 Drill FIG. 2
Front and sub-panel drilling instructions
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terference, power leaks, and other sources of
noise are not bothersome.
When the receiver is first put into- operation,
the inductive trimmer should be set in midposition, the set screws on the tuning condensers
loosened, and then some local station should be
carefully tuned-in by moving the two tuning
condensers separately. This process is necessary
in order to get the two circuits in "step." The
set screws are then tightened, and any slight
variations on other stations may be compensated by means of the trimmer.
If the two circuits are not properly lined up,
broad tuning and lack of sensitivity are certain
to result. The reason is self-evident from Fig.
3, which shows the resonance curves of both
tuned circuits as well as the combined curve
for the entire amplifier when the two circuits
FIG. 3
are properly lined up, as at A, and when they
A
B
are not, as at B.
Whenever a station seems to come in at two
slightly different dial settings, we have the conShowing
the effect result.
of having
gaugedarecondensers
"out up,
of step."
tuning
lack
of sensitivity
At Athethetwocircuits
properly lined
while atBroad
B they
are and
not
dition illustrated at B in Fig. 3, and a slight
simultaneous readjustment of the trimmer and
be found less microphonic and certainly in every
mately the mid position. A slight readjustment
the tuning dial will correct matters.
In tuning for distant stations, the use of re- way a better tube for general use than the of the rheostat in most instances will correct the
trouble, unless the tube is a poor one.
generation inthe detector circuit will be found
less-expensive 201 -a.
of great assistance. As a result of the use of the
The screen-grid voltage should be approxiSome of the 222's are inclined to be rather
microphonic and may cause trouble when the
mately 45 when using 135 volts on the plate of
screen-grid tube in the r.f. stage, the detector
may, if desired, be permitted to oscillate, in loud speaker is placed quite close to the set. the r.f. tube. This voltage is not critical, however, and a variation of a few volts in either
which case stations may be picked up by their This difficulty is generally only encountered
carrier waves, without annoying the neighbors.
when the volume control rheostat is in approxi- direction does not make an appreciable differIn order to obtain
ence in performance.
smooth regeneration
In the first audio
it is advisable to try
should
used while
stage abeux-201-A
several different valin the second stage a
ues of grid leaks and
also different values
high-mu tube should
of detector plate
be
employed. A uxvoltage. While almended forrecomthe last
1 7 1 - a is
most any type of
tube may be emstage
unless
there
are
no "local" stations,
ployed as a detector,
in which event the
the 112-A will generally be found to
use of the 1 12-A with
be more preferable
than either the 200-A
propersult in increased
C bias willvolreor the 201-A. Alume.
The following
though agood 200-A
is more sensitive
parts were used in
THE LAYOUT OF THE FRONT PANEL IS BEAUTIFULLY SYMMETRICAL
than the 112-A the
the fiverelatter will probably
ceiver astube
described
and illustrated in this article:
List of Parts
National Single-Dial Tuning Unit, No. BD 222,
with No. 28 Illuminator
National ist-Stage Impedaformer
National 2nd-Stage Impedaformer
National 3rd-Stage Impedaformer
National Tone Filter
Aerovox 0.00025-Mfd. Moulded Mica Condenser
Aerovox 0.001-Mfd. Moulded Mica Condenser
Two Tobe 1.0 Mfd. Bypass Condensers
Precise Midget Condenser, 50-150 Mfd.
Five General Radio Sockets
General Radio R.F. Choke
Yaxley Filament Switch
Carter 20-Ohm Rheostat
Lynch
2-Meg. Grid Leak with Mounting
Mounting
Lynch 0.8-Ohm No. 4/5 Filament Equalizor,

SHOWING THE DIS POSITION OF PARTS
he antenna inductance consists of two variable-doubled coils in series

Lynch 15-Ohm Filament Equalizor, Mounting
Westinghouse Micarta Panel, 7" x 18"
Westinghouse
Micarta
Sub-panel, 10" x 17"
Fuse Clip for 222
Tube Cap
Wire, Solder, Etc.
Two Eby Binding Posts
The three Impedaformers and the tone filter
are shown in dotted lines in Fig. 1. The various
leads to the batteries are not taken to binding
posts, but the leads themselves are made sufficiently long enough so that they may be cabled by
the constructor and lead directly to the batteries.

By L. W.

Hatry

1
MANY set builders have searched for the pmu^m ™ ™»»Read This Box First—
ideal form of amplification by plodding
their way through combinations of re- THE signal voltage handling capacity of a
sistance, impedance, and transformer coupling,
tube used as an audio amplifier is governed
attempting to effect a compromise between the by the amount of bias placed on that tube's grid.
Thus, a 20/-A type tube, with674.5 volts bias (and
supposed quality of one system and the wellplate voltage of go) will be overknown high step-up ability of another. Or, at the corresponding
and distort if called upon to handle more8.4
times, the search for perfection may have been than 4.5loadedpeak
volts.
The following
tinctured with the desire for a combination which
15 table of C and
8
B
battery
voltages
for
various
tubes
used as ampli-.4
us
made use of apparat already on hand.
fiers will serve to make the author's article 8.5
more
Whatever the reasons for such combinations,
8.5
complete:
they should be made only with some appreciaMu
'35
tion of the apparatus and its limitations. Many
27
persons, for instance, wonder where in an a.f. Tube Type B Volts
C Volts
system to place the audio transformer if only one
45
is used. The answer to such questions can always
'35
'57
3
be found. The method is simple.
2-9
4-5
20
I
-A
2.9
Consider that the voltage step-up:
9
10.5
135
(i.) — in a 20 1 -a is 8.
6
7-9
(2.) — in a 199 is 6.
I 12
8.2
9 5
(3.) — through a resistor-coupler is I.
,6'.
(4.) — through an impedance-coupler is 1.
82
(5.) — through a transformer is 2, 3, 35, 5, or 6,
135
according to the step-up ratio of the
3
windings.
180
■7'
(6.) — through a high-mu tube (240 type) is about
' ■5
40.5
20, or through any tube in a resistance- or
7- 5
impedance-coupled stage ought to be about
210
0
94-5
9
180
two-thirds of the tube's mu (we have taken
10
the effective step-up to be six in the case of
7-7-55
a 20 1 -a type tube).
180
0
9
222
60
This information is available in magazines, in
catalogues, in tube instruction sheets, and in textbo ks. Itallows one to engineer his a.f. amplifier
90
with the employment of something akin to intelligence and the enjoyment of a feeling near stage, and a 171 in the second stage, as shown in
Fig. 1. The power tube is getting a B voltage of
that of competence.
180 and is properly biased so it is important to
As a preliminary to this engineering feat,
90
choose some audio system you know to be func- remember that its grid-swing limit is about 40
volts
peak.
To
load
the
power
tube, the second
tioning in a way that satisfies. As an example,
let us use a two-stage amplifier with 3 to 1 and a.f. transformer must supply this 40 volts. We
6 to 1 audio transformers, a 201 -a in the first shall now determine the characteristics of an

amplifier which will fulfill this requirement. For
the second or the final audio transformer to give
40 volts, the grid of the tube in the first stage
must be getting a voltage equal to 40 divided
by the turns ratio'44of the transformer and the mu
of the tube. The overall gain of the amplifier
in Fig. 1 will be:
T Vt = 201-A T
3 X 8 X 6 = 144
Thus the requisite voltage at the output of the
detector must be:-^2. =0.28 Volts
For sake of argument we shall accept this value
of 0.28 volts as being average in future calculations. Ithas been the writer's observation, however, that many signals overload the 171 with an
amplifier of this type, which would indicate that
the output voltage of the detector sometimes
exceeds 0.28 volts. This holds true for a set in
Hartford, Connecticut, which, of course, is comparatively surrounded with high-powered broadcasters. Ifthe detector will put out 0.56 volts,
twice that calculated above, we can use a 3 to 1
transformer instead of the 6 to 1 transformer
in
Fig. 1 with somewhat better frequency characteristics.
Presuming that the a.f. amplifier will be satisfactory ifup to the grid of the power tube it has
a voltage multiplying ability of 144, the business
of figuring equivalent combinations of resistance
or othercouplings is easy. For instance, in a threestage resistance-coupled amplifier, such as is
shown in Fig. 2, using 201-A tubes, the gain up
to the grid of the power tube will be (bearing in
mind that a resistor-coupler has a gain of 1 and
that the actual amplification through the tube
is about two-thirds of its mu):
Rc Vt = 201-A Rc Vt = 201-A Rc
1X6
X 1X6
X 1=36
If the second tube has a grid bias of 4.5 volts

23

FIG. I

FIG. 2
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and the correspondingly correct B voltage (in
which case it should not be called upon to handle
more than 4.5 volts signal voltage), it would be
overloaded when required to handle the six volts
which would deliver 36 a.f. volts to the grid of the
final tube. This latter figure is not even enough
to load up a 171 fully. The bias on the second
tube could be increased, with correspondingly
greater handling capacity, but this in turn
would necessitate a higher B-battery voltage. It
will be seen, therefore, that the second 201 -a
audio tube would be nicely loaded with a 4-volt
grid-swing, in which case it would be able to
supply the final tube with 24 grid volts. A 171
type tube with only 135 B volts and a C bias of
27 will be adequate to handle these 24 volts.
With this amplifier the detector must output
0.67 volt (24 -s- 36) to load the 171, which is
quite a lot, if for no other reason than that local
stations are likely to be necessary for so high a
voltage. It will be agreed, then, that the usual
resistance coupled amplifier with 201-A type
tubes is not very satisfactory.
But suppose we use 240 type high-mu tubes
with a working mu of 20. Here are the figures:
Rc Vt = 240 Re Vt = 240 Rc
1 X 20 X 1 X 20 X 1 =400
The 240 will take a grid-swing of 3 (with 180
volts B, 3 volts C). It can overload a 171 on 180
volts if it gets more than 2 grid volts because 2
multiplied by 20 (the gain in the tube) is equal
to 40, the maximum handling capacity of the
171 Hence, if three resistance-coupled stages
are used, and since we have already decided that
an amplification of 144 will satisfy for average
conditions of detector output, the use of 240 type
tubes is probably foolish. By dropping the plate
resistor of the first tube to 100,000 ohms, the
latter's step-up can be reduced to about 12.
That would give an overall step-up of 240 to the
grid of the last tube. A 201-A type tube in the
first stage, with a step-up of only 6, will reduce
the overall gain to 120, which begins to fit better
with the desirable figure.
Now let us consider a single resistance-coupled
stage. There has been a lot said about it in some
of the more active sections of the press:
Rc Vt = 240 Rc
X 20 X 1 = 20
That is obviously no good. Why? The detector
would have to output 2 volts in order to put
40 volts on the grid of the power tube. What
about one resistance-coupled and one transformer
coupled stage, such as that Rc
shown in Fig. 3?
Vt
60
X
It will be seen that the gain is insufficient in such
a combination, too great a detector output being
necessary. If, however, the transformer were a
high-grade 6 to 1 unit instead of a 3 to 1 unit, the
overall gain would be 120. which is much better.
Now let us consider the following three-stage
a.f. amplifiers, shown in Figs. 4 and 5, in which
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FIG. 3

the second audio tubes will handle about 4.5
volts grid
Vt voltage (since they are biased accordingly):
T
Rc Vt = 201-A Rc
X 1 X 6 X 1 = 108
3 X
Rc
A Rc Vt = 201-A T
X 8 X 3 = U4
Vt = 201- >
X 6
In the first case the next-to-the-last tube will be
badly overloaded if the signal is strong enough
to load a 171 to its maximum handling capacity
of 40 grid volts. In practice, of course, the volume
control on the receiver would be turned down as
soon as overloading of the 201-A, manifest as
distortion, became apparent, and thus the 171
would be working uneconomically. To deliver
40.5 volts to the 171 the next-to-the-last tube

the gain of the amplifier, the smaller the detector
output voltage necessary to load up the power
tube. Various three-stage combinations, with
their overall amplification, are listedRc below. The
necessary C voltage for the tubes may = be576 determined byreference to the table on page
= 25623.
Rc1 Vt = 240 Rc Vt 8 X
X 20 X
X 20 X
- 384
Rc
Rc
T
T
1 XVt = 8201-AX 3 X 8 X 3
T
3 X T
1 XVt = 8201-AX 2 VtX 201-A 2
8201-AX
T
201-AX 2 VtX = 201-A T1 =
1 XVtVt == 8240
Rc
Rc
T 400
XVt =
X 20 X
201-A
Vt=

3 =480

3 =

h|i|iH-

^N|i|iH

FIG. 4
4|iMi|ip

has to handle 6.75 volts on the grid. If this tube
were given a raise in bias to 9 volts with 135
plate volts, it would be capable of handling this
voltage without overloading. Merely moving the
a.f. transformer to the third coupling position, as
in Fig. 5, requires that the second audio tube
have a grid-voltage of only 1.68 to produce 40.5
volts on the grid of the power tube.
Judging from the fact that many set owners
find two high-mu tubes highly desirable in a
resistance — or impedance-coupled amplifier, the
opinion that an amplifier step-up of 400 is sometimes useful, seems logical. Of course the higher

4|l|H|l|ij— 1
From all of the foregoing come a few useful'
rules, which may be outlined as follows:
(1.) In a combination of transformer-coupling
with any other type of audio-frequency amplification the transformers should be in the last
stages, and the transformer with the greatest
step-up should be in the last one.
(2.) Always make certain that the tube before
the power tube will not be overloaded before the
power tube is fully loaded. To find this out is
merely a matter of simple division or multiplication.
(3.) When judging the performance of two amplification systems, calculate what the overall
step-up for each is before deciding what has hapThere are other simple rules that it is good practice to heed. They may be stated as follows:
pened.
(a.) It is always best to require least of the
detector.
is
high. This is possible when the a.f. step-up
(b.) High a.f. step-up is no help to the detector
if the volume control follows the detector, and
the
the step-up in the audio end the more
this less
is true.

FIG. 5

(c.) A detector gives greater undistorted output with increased B voltage, within limits.
Operate it according to the needs of your
set.

The

^Month's

New

Phonograph

T^ecords
nia Orchestra. (Brunswick). The treatment of
the first is perfectly orthodox which means good.
The second leaves us cold.

A $10,000 PHONOGRAPH-RADIO COMBINATION
The phonograph equipment is housed at the left and the radio at the right. The panel in the center
contains a distortion meter (reading up to 150 mils.) and special circuit arrangements make it possible to control the amplitude of the sound by the top knob in this panel, while the control directly
below it regulates overtones. The installation uses a four-stage balanced amplifier rated at 50 watts.
Individual expression in the rendition of phonograph records or radio is said to be achieved through
circuits arranged to vary both musical pitch and overtones without, at the same time, altering quality.
This installation was especially built for La Salle & Koch, of Toledo, Ohio

THE great American query, "What's
TO new?"
we are forced to reply this month,
" It may be merely an off"Not much.
season for records. There were all too few likely
g
lookin titles in the advance lists. Perhaps the
phonograph industry, like book publishing,
blooms in full glory but twice a year and inbetween-times puts out only a few pale buds.
No, it isn't quite as bad as that because we did
find nine records of such exceptional merit that
they quite make up for the mediocrity of the
rest. Among the classical output are several
prize-winners: two duets by Gigli and De Luca,
who can always be counted on to be worth while;
two beautiful songs by Sigrid Onegin; choral
work of outstanding quality by the Metropolitan
Opera Chorus; and two instrumental numbers by
the Columbia Symphony Orchestra. Of the popular stuff there are five better-than-average
records. Ohman and Arden performing Gershwin music; Johnny Johnson and His Statler
Pennsylvanians offering another Gershwin number and on the reverse one of the best songs from
the Connecticut Yankee; a Paul Whitman masterpiece; two good numbers from the orchestra
directed by the Maestro, known to the trade as
Ben Bernie; and, lastly, a couple of unusual
waltzes by the South Sea Islanders. The rest are
so-so.
'5 Wcmderjul and Funny Face by Victor Arden
and Phil Ohman and Their Orchestra (Victor).
Superb Gershwin music mixed well with Ohmanand-Arden piano magic and flavored with a bit
of Johnny Marvin's best singing.
Thou Swell and My One and Only by Johnny
Johnson and His Statler Pennsylvanians (Victor). Tuneful antidotes for that poisonous latewinter boredom.
Mary and Changes by Paul Whiteman and
His Orchestra (Victor). Whiteman continues to
glorify American jazz.
The Man I Love and Dream Kisses by Ben
Bernie and His Hotel Roosevelt Orchestra
(Brunswick). This record deserves a great big
gold star.

Tve Been Looking for a Girl Like You and
Everywhere You Go by Paul Ash and His Orchestra (Columbia). For those who crave their jazz
red hot.
Changes and Let's Misbehave by Ben Bernie
and His Hotel Roosevelt Orchestra (Brunswick).
Keeping up with the Bernie tradition of bigger,
better dance music, with the emphasis on dance.
We'll have a New Home and When You're With
Somebody Else by Ben Selvin and His Orchestra
(Columbia). Standard fox trots of the snappy
variety dressed up with fancy orchestration.
Tomorrow and Vm Making Believe That I
Don't Care by the Colonial Club Orchestra
(Brunswick). Just like countless other plaintive
waltzes.
Girl of My Dreams I Love You and Sugar
Babe, I'm Leavin! by Blue Steele and His Orchestra (Victor). One more waltz and a noisy
foxtrot with a raucous vocal chorus.
The Man I Love by Fred Rich and His Hotel
Astor Orchestra (Columbia) A good song handled
with no particular merit. For My Baby by Leo
Resiman and His Orchestra. If your doctor has
tactfully suggested that you do more exercising,
get this record. You can't sit still to this number.
I Ain't Got Nobody and Weary Blues by Ray
Miller and His Hotel Gibson Orchestra (Brunswick). Right you are! The first is an old number
and what's more it is played in the old fashioned
way with lots of brass and much pep. Of the
second
— the only
that's weary must be
the orchestra
after thing
it finishes.
When the Robert E. Lee Comes to Town and /
Scream, You Scream, We All Scream for Ice
Cream by Harry Reser's Syncopators
(Colum25
bia). Ifyou haven't heard the words to the latter
song the record is worth listening to — once.
Dawn and We Two by The Troubadours (Victor). Lewis James and Ed Smalle who manipulate the vocal refrains and the Troubadours have
between them made a grand record out of two
fairly good musical comedy numbers.
Among My Souvenirs and Keep Sweeping the
Cobwebs Off the Moon by Abe Lyman's Califor-

Away Rackety
Down South
and There
s a
Rickety
Shack inby Heaven
Frank Black
and ' His
Orchestra (Brunswick), (a) Even if this were
good we wouldn't like it. Not with that vocal
chorus! (b) Something else again; it's good!
That's What the Lei Said to Me and The Call of
Aloha by the South Sea Islanders (Columbia).
Waltzes that are waltzes.
Poor Linie and / Love to Catch Brass Rings on
a Merry-Go- Round by Billy Jones and Ernest
Hare (Columbia), a. The Happiness Boys sing
out the old and sing in the new (Ford), b. Not
very good nonsense.
More or Less Classical
Pescatore Di Perle — Del Tempio Al Limitar
(Pearl Fishers — In the Depths of the Temple)
(Bizet) and Gioconda — Enio Grimaldo, Principe
Di Santafior (En^o Grimaldo, Prince of Santafior)
(Ponchielli). Sung by Beniamino Gigli and Giuseppe De Luca (Victor). Week-day words are
inadequate to describe the exquisite beauty of
*S>1
Recommended

))SV

New Records

Pescatore Di Perle — Del Tempio Al Limitar
(Bizet) and Gioconda — En{0 Grimaldo,
Principe Di Santafior (Ponchielli) sung by
Beniamino Gigli and Giuseppe De Luca
(Victor).
The Blind Ploughman and The Fairy Pipers
sung by Sigrid Onegin (Brunswick).
Die Zauherflote — 0 Isis Und Osiris (Mozart) and Chorus of Courtiers — on Mischief
Bent (Verdi), sung by the Metropolitan
Opera Chorus (Victor).
Bridal Procession (Grieg) and March of the
Bojaren (Halvorsen) played by the Columbia Symphony Orchestra. (Columbia).
'S Wonderful and Funny Face by Victor
Arden and Phil Ohman and Their Orchestra (Victor).
Thou Swell and My One and Only by
Johnny Johnson
vanians (Victor). and His Statler PennsylMary and Changes by Paul Whiteman and
His Orchestra (Victor).
The Man I Love and Dream Kisses by Ben
Bernie and His Hotel Roosevelt Orchestra
(Brunswick).
Jupiter Symphony (No. 41, Op. 551)
(Mozart) by the State Opera Orchestra of
Berlin, conducted by Richard Strauss.
(Brunswick).

26
these duets as sung by this baritone and tenor
from the Metropolitan Opera Company.
The Blind Ploughman (Radclyffe-HallClarke) and The Fairy Piper (WeatherlyBrewer) sung by Sigrid Onegin (Brunswick).
An organ accompanies this rich contralto voice
in the first selection and reflects the seriousness
of the song. In the second selection the tinkling
notes of a piano and a flute illustrate the fairy
music of which Miss Onegin sings delightfully
as well as capably.
Lucia: Sextet — Chi raffrena il mw furore {Why
do I my arm restrain?) (Donizetti) Sung by M.
Gentile, D. Borgioli, G. Vanelil. S. Baccaloni,
G. Nessi, I. Mannarini and chorus. (Columbia).
This imported recording does not do full justice
to the famous musical race in which the soprano
is foreordained to win. The volume is, for one
thing, too great. On the reverse is Somnamhula:
D'un Pensiero (No Thought but for thee) by M.
Gentile, D. Borgioli, I. Mannarini, G. Pedroni
and chorus, which is excellent except for the
thinness of the soprano voice.
Die Zauherflote — 0 I sis Und Osiris (The Magic
Flute — Chorus of Priests) (Mozart). Sung by the
Metropolitan Opera Chorus with the Metropolitan Opera House Orchestra under the direction
of Giulio Setti. (Victor). This splendid organization presents a very plausible chorus of priests
who are evidently all superior musicians. And
the very next moment (on the reverse of the
record) they are equally convincing as a Chorus
of Courtiers — On Mischief Bent (Scorrendo Uniti
Remota Via) from Verdi's Rigoletto.
My Message and Nocturne by John Charles
Thomas (Brunswick). The same glorious baritone— and you may like the ballads.
Quartet in G Minor Second and Fourth Movements (Debussy). Played by the New York
String Quartet (Brunswick). All the tricks of the
string trade are herein utilized to demonstrate
the beautiful and varied effects obtainable by
two violins, a viola and a cello.
Bridal Procession (Grieg; Op. 19, No. 2) and
March of the Bojaren (Halvorsen). Played by the
Columbia Symphony Orchestra under the direction of Robert Hood Bowers (Columbia). This
delightfully gay and lighlhearted bridal chorus
must have been written for a fairy wedding;
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mortals take their weddings more tearfully.
And here is a march that is not impressed with
its own importance but is quite willing to be exuberant and even humorous. But then a march
scored for strings, and woodwinds as well as for
brasses can present these characteristics more
easily than can the fife and drum brigade. The
Columbia Symphony handles both these numbers with ability.
All Hail the Record Albums
IT IS just another miscarriage of justice that
somewhere in these United States there walks
a man, unheralded and unsung. The man
in question is the inventor of the album set.
Until he sold his idea to the phonograph companies (we hope
he sold
if he can't our
have record
fame
he should
at least
haveit; royalties)
library contained only selections from operas,
gems from operettas, arias, ballads, folk songs,
bits of this, and bits of that. No extended work
could be had in its entirety because, alas, it
could not be fitted on to the limited space afforded by a rubber disc, and it had never occurred to the phonographers to distribute one
work of art over several discs, selling them as one
unit. Now, however, we have whole symphonies,
tone poems, and concertos, complete from the
first note to the last. They come on several
records, neatly stowed away in good looking
albums, and accompanied by explanatory booklets which invariably are excellent and useful. These musical works are recorded by the
best talent available in this country and in
Europe and the technical work of putting the
notes on the wax is done so expertly that no
iota of tone is missing, no shading is lost.
In the March Radio Broadcast appeared a
partial list of the music available in album form.
The list is growing daily.
Mozart's "Jupiter" Symphony
WE HAVE already reviewed one album set,
the Scheherazade Symphonic Suite by
Rimsky-Korsakov, played by the Philadelphia
Orchestra under the direction of Leopold Stokowsky, and recorded by Victor. This month we

A CLOSE-UP OF THE CONTROL PANEL
A bank of three loud speakers is used with this phonograph-radio combination. Each loud speaker
circuit has its own distortion meter, with controls permitting each circuit to be operated at its own
regulated volume. Circuits and apparatus are provided so that the operator can announce the selection
to be played through the entire loud speaker system
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praise another symphony, equally beautiful
in an entirely different way, the Jupiter Symphony (No. 41, Op. 551) of Mozart, played by the
State Opera Orchestra of Berlin, conducted by
Richard Strauss, recorded in Europe for Brunswick. It covers two sides of three records and
one side of a fourth, the remaining surface being
given over to the Turkish March (Mozart-Cerne)
played by Vasa Prihoda. The Rimsky symphony
is full of color, warmth, and emotion. It conjures up pictures of the Orient with its glowing
colors, shimmering light, sinuous maidens, swaying camels, dancing fakirs, and the spicy smells
of the market place — all the kaleidoscopic romance of the East. Mozart's symphony, on the
other hand, brings forth no pictures. It lacks the
warm humanity of the Russian music, lacks its
emotion, lacks its color. But it has something
which takes the place of these qualities, a precise musical style. It is music as pure, unsullied,
and crystal clear as water bubbling from a
spring on a mountain side. It is melodious from
start to finish for Mozart was an expert harmonist. He lived his short life (1756-1791) at a time
when emphasis was placed on form and harmony. The symphony was a fairly recent development. Ithad evolved gradually from the
overture, the instrumental introduction to an
opera, and had been given a more or less standard form by Haydn who was born twenty-four
years before Mozart. This form consisted of
three or four movements, generally four. The
first and fourth were the longer and more essential, and were brisk in tempo. The second
was slower and eminently lyrical, and the third
usually a sprightly minuet. This is the form used
by Mozart in the Jupiter Symphony. The orchestra for which he scored the symphony consisted ofone flute, two oboes, two bassoons, two
horns, two trumpets, kettledrums, and strings,
and for the second movement he reduced it by
the omission of trumpets and drums. This is a
much smaller organization than the symphony
orchestra of to-day.
It is particularly in the fourth movement, the
loveliest of them all, that Mozart displays his
technical skill, but not ostentatiously. The
beauty and spontaneity of the music conceal the
learning which is its foundation. The design of
the movement is a combination of the sonata
form and the fugue. The sonata form is that
used for first movements of symphonies and
consists of three parts, the Exposition which
sets forth the themes; the Development which
embroiders the themes; and the Recapitulation
which restates the themes. In this movement
Mozart uses four distinct musical ideas. The first
is given out at once by the violins, its four
opening notes being an ecclesiastical melody of
which Mozart made frequent use. A second, and
gayer, phrase follows this; the subject is then
repeated forte by the full orchestra and at the
end of the passage the second idea is introduced
by woodwind and strings. There are sixteen measures of this, filled with exuberant tone. Next
there is a return to the church theme treated in
the orthodox fugal manner. At length this same
theme is taken up forte by the full orchestra and
at the fourth measure of it there is heard, in
the first violins, the third idea. After a repetition
of the second idea, the fourth idea — the second
real theme — appears in the strings.
From this brief analysis of the last movement
of the symphony you can perhaps derive some
idea of the intricacy of the framework on which
Mozart weaves his beautiful melodies. You will
love these melodies whether or not you understand the construction, but if you follow the
mechanics of the symphony you will arrive at
a more complete understanding and consequent appreciation of the composition.
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Two-Tube

Screen-Grid

Tuner

By Glenn H. Browning
Browning-Drake Corporation

THE ARRANGEMENT

OF APPARATUS PROVIDES FOR A SYMMETRICAL FRONT PANEL LAYOUT

TTATELY there has been put on the
direct coupling into the tuning circuit, as shown
market a tube especially designed for
in Fig. 1, than by the use of transformer coupdescribes Mr.
Browning's
r.f. amplification and which is known as THIS
ling. This makes it altogether imperative that
of howarticle
a screen-grid
tube can
be used version
in the
the screen-grid tube. So numerous have been well-known Browning-Drake circuit. The reader the set-builder use some system of parallel feed,
the requests for descriptive matter relative to will note the following facts: The receiver is shielded; such as that shown in the accompanying diathe amplifier is neutralised, and is coupled to the
the use of this tube with the Browning-Drake
through a tuned impedance; a trimmer
set that it has been decided to give all possible detector
A parallel feed system has been already adopcondenser
is used to keep the amplifier input circuit
information on the subject at the present time.
ted in connection with the Browning-Drake this
in tune with the detector circuit; the plate voltage
The circuit built around this tube has been exgram. for the reason that it keeps the radioyear
is
fed
to
the
first
tube
through
a
choke
coil
—
shunt
perimented with for the last two or three months fed, as the amateurs would say. This tuning unit, frequency current out of the plate supply, and
but until the writer had worked out the idea of composed of two tubes, requires an audio amplifier,
makes neutralization with the ordinary 201-A type
neutralization, the tube did not perform in a and any system of amplification with which the tube considerably easier; consequently, adoptconstructor is familiar will be satisfactory. The
manner which came up to his expectations.
ing the 222 type tube for an r.f. amplifier enconstructor will find this arrangement interesting
With the use of neutralization and a regeneratails very few changes over the present Brownand it is as can be seen, one version of the use of
ing-Drake circuit.
tive detector, the radio-frequency amplification
screen-grid
a tuner
unit. Mr.a complete
Millen's
Another essential part of the set built around
obtainable is so augmented that signals in- the
article,
beginningtubeon inpage
20, provides
audible before are as loud as locals, providing
receiver using a somewhat similar r. f. circuit and the 222 type tube is complete shielding. Any
the noise and interference is not such as to an excellent audio channel: The choice is largely a magnetic feed-back from one tuning circuit to
drown them out. The circuit finally decided upon
matter of personal preference. In the Laboratory,
the preceding one creates a tendency for oscillation to take place, and this must be prevented
by the author is given in Fig. I. The selectivity the operation of the receivers was —identical.
The Editor
at all costs. There are numerous other advanof the receiver with the average antenna is sometages of the. use of shielding with which the
what inferior with the screen-grid tube as a radio
reader is more or less conversant, so they will
amplifier, but with a short antenna, signal
is much smaller than that of the 199 type not be outlined here.
strength is decreased very little and selectivity
tube.
is improved.
In the filament circuit a 1 5-ohm resistance
Although the grid-to-plate capacity of the
The screen-grid tube has the advantage of a must be placed in series with the rheostat speciscreen-grid tube is very small indeed it is not high amplification factor, due to the effect of
fied for the ordinary two-tube Browning-Drake
eradicated entirely. Consequently, in a circuit the screen grid on the mutual conductance of receiver, for cutting down the five volts which
the tube. This large amplification factor makes
the 201-A type of tube uses, to three and three
employing regeneration on the radio-frequency
transformer (detector input circuit) it is the possible great signal amplification. The plate tenths volts, which should be applied to the
filament of the 222.
writer's opinion that it is necessary to neutral- impedance of the 222 type tube is very high,
ize. This may be readily seen by- reference to and greater efficiency can be obtained by using
A bypass condenser of 0.5 mfd. should be conFig. 2, where the reactance of the tuned circuit
is plotted against the ratio of the resonant and
non-resonant frequencies. The equations for
OBt15
this curve are given on the diagram and it will
be noted that the resistance of the circuit enters
in such a way that the lower the resistance the
higher the positive reactance. Thus, with reOB + 90
generation, one can get almost infinite positive
reactance just before the circuit goes into oscillation.
As all radio experimenters know, the higher
the positive reactance in the plate circuit of the
27
radio-frequency amplifier tube, the greater the
tendency there is for that tube and its circuit
to go into oscillation, due to the feed-back
through the capacity between plate and grid.
Thus, even if the capacity between plate and
grid is extremely small, the circuit before the
one regenerated will oscillate unless this capacity in the radio-frequency amplifier tube is
neutralized. Incidentally, the capacity in the
FIG. I
ux-222 type tube which must be neutralized
6 Gnd
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nected between the screen grid and the ground
of the receiver. The grid post on an ordinary
four-prong ux type socket is the connection
for the screen grid while the cap on the top of the
tube connects to the working or control grid.
In connecting up the circuit the two grid leads
should be kept in mind.
When the connections from the screen grid
tube are made as shown, it will be noted that the
capacity between the plate and filament is
placed directly across the second tuning circuit.
For this reason it is sometimes necessary to add
an equal capacity of about 15 mmfd. (shown
dotted across the antenna tuning system) so
that the trimmer condenser will keep the two
tuning circuits in step all over the wave band.
Sometimes it is not necessary to add this small
condenser, for a similar result may be obtained
by connecting the 0.0001-mfd. condenser in series
with the antenna to the stator plates of the
first tuning condenser. This puts the capacity
of the antenna across the antenna tuning system, and as a result the compensating condenser
has sufficient variation to take care of the difference in tuning of the two condensers which
are operated on the same shaft. It will be noted
that the primary of the Browning-Drake r.f.
transformer specified is not used with the 222
tube, but this may be left in position as it does
not affect operation of the receiver.
NEUTRALIZATION
WHEN

the receiver is completely constructed and connected up, neutralization may be accomplished in the following
manner:
The compartment which contains the detector circuit should have the shields completely
on and fastened down tightly (instructions
for the assembly of the shields accompanies
each set if those specified are used). The
rear shield on the first compartment may be
left off until after the neutralization process
takes place.
The best way to neutralize is to set the dial
at about 20 on the scale and then turn the tickler
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either in one direction or the other, until a distinct click is heard in the loud speaker or phones.
This means that the detector circuit is oscillating. Adjust the tickler coil until this circuit is
not oscillating. A test to determine whether or
not the circuit is oscillating is to place the finger
on the stator plates of the second tuning circuit,
when a distinct click will be heard if the circuit
is oscillating. Now turn the tickler back until
oscillations just cease. Turning the trimmer condenser will then throw this circuit into oscillation ifthe neutralizing condenser is not properly
set. The neutralizing condenser should be adjusted until the above test is satisfactory and the
trimmer condenser has no effect on oscillations
produced in the second circuit. It will be found
that the Browning-Drake neutralizing condenser
will be almost at a minimum value for correct
neutralization.
In the sets constructed with the screen-grid
tube, tremendous amplification has been obtained, so that it fs hardly necessary to use the
tickler. As mentioned previously, a very short
antenna should be employed. Its overall length
need not exceed 20 feet, and it should be vertical,
or nearly so.
In this article a little different viewpoint has

been given on the 222 type tube — one which
the writer believes to be scientifically correct,
and it is sincerely hoped that these data may be
helpful to experimenters as well as to those who
desire to build an up-to-date and sensitive receiver.

(R,+ R;)(R,Lu-jLj-(R,Rz<.-i I (L"--rJ
FIG. 2
Thereceiver
following
parts were
used inof the
twotube
described.
The choice
an audio
amplifier
structor: is left at the discretion of the conLIST OF PARTS
Official Browning-Drake Single-Drum Control
Kit, Comprising Drum Dial, Antenna and
Detector Tuning Condensers, All Coils, and
Pilot Light Socket
Official Browning-Drake Type T-2 Foundation
Unit, Consisting of Westinghouse Micarta
Drilled and Engraved Front Panel, Base
Panel, Complete with Mounting Hardware.
Also Miscellaneous Machine Screws, Nuts,
and Wire.
Browning-Drake Radio-Frequency Choke
B. D. 135-Mmfd. Trimmer Condenser
B. D. 30-Mmfd. Neutralizing Condenser
Yaxley Filament Switch, No. 10 B-D
TwoMfd.)
Aerovox 0.5-Mfd. Condensers
Tobe 8-Meg. Grid Leak
Fixed Condensecs (0.001, 0.0001, and 0.00007

FIG. 3
A picture diagram of the screen-grid Browning-Drake receiver

Shield Grid B+45

SixB Eby
Binding
+ Det.,
B— Posts
, B + (Ant.,
45) Gnd., B + Amp.,
Set of Browning-Drake Shields
Yaxley 30-Ohm Rheostat, No. 130 K-BD
Type 1 12 Amperite (0.5-Amp.)
Two Benjamin ux-Type Spring Sockets
Browning-Drake 15-Ohm Biasing Resistor
Clips for A Battery Leads,
Rubber-Covered Wire, Etc.

Many times we ,
have read about radio
receivers so engineered
that the detector did
not overload, or receivers in which the
detector did overload, or some other reference to distortion due to detector overloading. This leads us to ask such questions as: When does a detector overload?
What does the output sound like when
such overloading occurs? Is it true that a
C bias detector will handle much larger
input voltages without overloading? If
so, how much? The answers to some of
these questions are being sought in the
Laboratory, and as fast as the material
is ready it will be presented in these
columns.
In the meantime, one of our friends
has determined, empirically, that the
average detector begins to overload when
the detector delivers about 15 tu below
1.0 milliwatt. What does all this mean,
you will ask?
Let us suppose that a detector has an
output impedance of 30,000 ohms and
that it works into a load of this impedance,
say a resistance or a transformer of proper
characteristics. Fifteen tu below 1.0
milliwatt is equal to about 0.03 milliwatts,
or about 30 microwatts. What voltage
across 30,000 ohms will deliver this
amount of power? This is the useful voltage, for it is what the amplifier boosts
in value so that the final power tube in the
system will deliver its rated output.
This voltage may be found by extracting
the square root of the product of the power by the
resistance. Or.
Detector
Distortion

E = vWoXR = V0.03X 10— 3X30,ooo = ivolt
(approximately)
Therefore, a detector which will deliver 30
microwatts to 30,000 ohms without overloading
will produce 1 .0 volt across the input to the
amplifier. It now remains to prove under what
conditions the detector will fulfill these expectations, and when overloaded, how the average
experimenter can tell it by the sound of the
output.
Has any reader experience in this matter?
The following letter apqA Short-Wave ropos of short-wave experioAdapter mental broadcasting and its
reception is interesting: It
comes from C. R. Strange, of Sydney, Australia.
"On
the page
Readers there
Suggest'
in the
December
Radio 'Our
Broadcast,
is described
'A Short- Wave Converter for any Radio Receiver' byPerry S. Graffam.
" It will be of interest to your readers to know
that out here in Australia we appreciate your
journal and that several days ago I built this
adapter to plug into my Grebe Synchrophase
which was presented to me by the A. H. Grebe
Company of Richmond Hill, New York, following my reception of their station, wahg, on 314.5
meters.
"An hour after I had finished Graff am's
adapter I was listening to the transmission from
2 lo (London) through the short-wave station
5 sw Chelmsford England, on 24 meters, using
the two audio valves of the Synchrophase receiver and my model- 100 loud speaker. On the
25th (January) I listened wonderfully to this
station for 55 minutes, the volume being audible
some 15 feet from the speaker. Also on the 25th
and last night I listened also with wonderful
success; here, some 13,000 miles away, it is rather
thrilling to listen to London broadcasting at

trays
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Radio Broadcast
ys em m
^ ^ letter from
TShsetJlnamatie' takes
England
f . pride in quoting
Louis G. King, whose
system of tuning, known as the Equamatic System, was first described in this
magazine. Mr. King has just returned
from Europe and that his trip was successful may be surmised from this part of his
letter: "Recently we have entered into
an agreement with Graham Amplion,
Ltd., for the production of the Equamatic System in the British Isles. After
carefully testing radio receivers produced
by the leading manufacturers in all parts
of the world, Graham Amplion, Ltd.,
adopted
the inEquamatic
System."
The
system has,
this country,
been most
closely associated with receivers designed
by the Karas Electric Company.
Many times in the
past
so, theasked
editors year
have or been
to forward information on devices useful in finding ore or
hidden treasure by radio. Up to the
present time it has been impossible to
give any authentic information regarding
such apparatus, and therefore, we are
appealing to the readers of the magazine.
What is wanted is information on methods
and apparatus used, whether using radio
or other electrical apparatus, results secured, and articles published whether in
this country or abroad. This will enable
us to help prospective treasure hunters
toward a financially successful jaunt.
Finding
Ore
by Radio

midday such items as selections from Cavalleria
Rusticana,
Grainger's
pianoforte
ments, Percy
Carmen, and
a fine tenor
voice arrangesinging
'The Sargent Major's on Parade.'
" We surely are in a wonderful age. Televison
will be the next thing for Australia."
There have been numerShort-Wave ous attempts to convince the
broadcasting public and, we imagine, the
Radio Commission as well,
that broadcasting should take place on the highfrequency (short-wavelength) bands. Let us
look only at the problem of keeping a station on
its assigned frequency which, for sake of argument we shall assume to be 10,000 kc, or ten
million cycles. Many broadcasters are having
difficulty in keeping their present transmitters
within one-half kc. of their assigned frequency.
What would be their troubles if they worked at
30 meters? Five-hundred cycles in 10,000,000 represents an accuracy of one part in 20,000, or fivethousandth of one per cent. At the present time,
a station operating on 1000 kc. must keep its
assigned frequency to within 500 cycles in one
million which represents one part in 2000 or
five-hundredths of one per cent. In other words,
it would be about ten times as difficult to keep a
station on its frequency at 30 meters as it now
is at 300 meters.
We understand the Navy builds short-wave
equipment that must be accurate to within 100
cycles at 30,000 kc. That is, they build a transmitter to this specification, and a 2receiver
to go
9
with it and the sum of their percentage inaccuracies must not be over 200 cycles in 10 million,
or 100 cycles for the individual unit. This represents an accuracy of one part in one hundred
thousand, or one ten thousandth of one per cent.,
an accuracy 50 times as great as that required
of stations now operating within the broadcast
band. These Navy units, it should be noted,
are designed for code transmission and reception.

Radio listeners in cornea/ Power munities where there is no
from t-wo 112's a.c. power available need not
feel that it is impossible to
secure sufficient power to operate their loud
speakers properly just because they cannot tap
the house lighting system and get high voltages
and considerable plate current therefrom. For
example, two 112-A tubes will deliver considerable power without excessive plate voltage or
current — which means that the farmer who has
no power equipment may secure good quality
and plenty of loud speaker power from B batteries, and do it economically. The table below shows
the relative power output and necessary grid a.c.
voltage to deliver this power from a single 171
or
112'swithin 157
parallel.
tworequire
112's
in two
parallel
volts Note
on thethatplate
16 milliamperes from the B batteries and deliver
400 milliwatts of power to a loud speaker on
only 10.5 input grid volts while a 171, taking the
same current from 135 volts, requires a grid voltage of 27 towill
produce
milliwatts.
Two 1 12'sof
in parallel
have 350
an output
impedance
about 2500 ohms which will work very well into
the average loud speaker:
Tube Ep
Ec
Ip
Watts
.12
16.5
11
90
171
Output
.35
27
16
135
40.5
.50
18
33
157
.65
20
180
4.5
8.0 .08
2— 112's 13590
9.0
11.6
157
16.0 .240
.400
10.5
Some tubes from Sylvanh
Tested
Products Co., have been
Products measured in the Laboratory
recently. The values given
below are the average of six of each type of tube:
Type
Ip
[>■ Rp
Gm Ep Eg
201-A
2.2 9.2 12330 750 90 - 4.5
7.0 7.5 5160 1450 135 - 9,0
19.0 2.9 2240 1300 135 -27.0
171
112-A
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Experimenters who have
The Screen-Grid installed a single screen-grid
Tube: Selectivity tube ahead of a detector,
regenerative or not, have been
disappointed at the apparent loss in selectivity
of the system, although the gain increases. Let
us suppose that the resonance curve of a singlestage of r.f. amplification using a 201-A tube is
as shown in Fig. 1 . Now let us use a screen-grid
tube in which the gain may be twice as great.
In other words every point of the resonance curve
of Fig. 1 is boosted twice as high with the result
as shown in B. In any local area, stations are
separated by 50 kc, so that on Curve A the incoming signals from a station 50 kc. off resonance
are below the line which represents the arbitrarily chosen signal magnitude beyond which interference occurs. Now look at Curve B. Here the
50-kc. signal is up out of the area in which no
interference occurs, and is heard in the background of the station to which the receiver is
tuned.
Let us call the absolute selectivity factor, the
ratio between the height of the curve at resonance
to the height at 50 kc. off resonance. This factor
for curve A is 50 -s- 2.4, or 2.1, and for the curve
B is 100 4.8, or 2.1 exactly the same. Then, if
the apparent selectivity is defined as the number
of kilocycles off resonance a signal must be before it is reduced to the non-interfering region,
we see that for the 201-A example it is 50 kc.
while for the Curve B where the gain is twice as
great the frequency is 70 kc. These figures depend, of course, upon the shape of the resonance
curve.
Each additional stage of 201-A r.f. amplification increases the gain of the receiver and increases the selectivity, but as Professor Hazeltine
has shown in his recent patent, No. 1, 648, 808 —
(Nov. 8, 1927) — by properly designing the interstage transformers in such amplifiers, an increase
in selectivity of 50 per cent, can be obtained at a
loss of only 20 per cent, in amplification. In
other words, in a system using successive tuned
stages, relying upon resonance curves for selectivity, there must always be a compromise between gain and selectivity. Increasing the gain
without increasing the absolute selectivity at
the same time, reduces the apparent selectivity.
Although the signal to which the system is
tuned will be louder, so will the background produced by other stations.
Adding a single stage of screen-grid tube r.f.
amplification under conditions which produce
maximum gain from that tube, decreases the
apparent selectivity too much. Adding an extra
stage, from which we secure maximum amplification, will boost the sensitivity faster than the
selectivity is increased, and we are no better off
than before.
In other words, if three stages of 201-A amplification are needed to secure sufficient selectivity, more than three stages will be necessary
when using screen-grid tubes. This seems to indicate that these tubes will not decrease the
number of effective tubes in a receiver, but will
actually increase that number — so long as we
use the t.r.f. system of tuning.
The answer, if this reasoning is correct, is to
use a different system of tuning. The superheterodyne ione
s solution; perhaps the Vreeland
system described recently in the I.R.E. Proceedings is another. This is a system designed with
the avowed intention of making a response curve
of a receiver flat on top and very steep on the
sides. It is done by using two closely coupled
circuits so that the resonance hump is not a
single sharp peak, but is composed of two peaks
with a dip between. The Laboratory hopes to
present some quantitive data on this system
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soon, and in the meantime welcomes comments
on the problem outlined above.
Many times per month we
hear about some high official
in this or that radio company
who indulges in a bit of forecasting, usually about the future of radio. Among
other trends, to believe these officials, is that
toward greater power which will be handled in the
future
radio'sthatamplifier,
executive
going sohave
far
as to state
our sets one
of the
future would
Loud
Speakers

amplifiers turning into our loud speakers at least
ten times as much energy as they do at the present time. Judging from what has happened during the past few years, one cannot doubt it, for
in the good old days we were satisfied with the
output of a 199, then we needed a 201-A to deliver
sufficient power, then the 112, then the 171 and
210 tubes, and now the 250 type. Each of these
tubes delivers considerably more power than its
predecessor, and to jump from a 5-watt tube to a
50 watter represents ten times as much power
output, that is, 10 tu difference.
We are not convinced. Several years ago we
listened to a pretty fair program coming from a
speaker that was 10 tu better than any speaker
now generally available. That is, it required 10
tu less power to get a good healthy sound from
it. This represents the difference between a power
output of 600 milliwatts (1 7 i-a), and 60 milli-

Watch for the A. C. "Lab" Receiver
TJUGH KNOIVLES' article describing the con±1 structiori of the popular R. B. "Lab" circuit
for a. c. operation will appear in Radio Broadcast for June. The completed receiver has been
thoroughly tested in Radio Broadcast Laboratory
and has proved very satisfactory? indeed. Readers
will recall the complete experimental article :n our
April number describing tests in the Laboratory on
the design of this circuit. The June article describes
completely the construction of an a. c. four-tube
"Lab" circuit receiver. Some of its interesting features are: Excellent efficiency for four tubes: a. c.
operation, an extra socket and control switch enabling quick transfer of the audio system to phonograph
pick-up or short-wave tuner unit, and an interesting
volume control.
— The Editor

watts (20 1 -a). In other words, when loud speaker
manufacturers are able to build a loud speaker
with a good characteristic that is 10 tu better
than our present loud speakers, we can all go
back to our old 201-A tube, our B batteries, and
start all over again.
What are the prospects? We have heard
that the Western Electric Company builds
a loud speaker much more efficient than the
540-AW, for sale in England only. It does not
have the same tonal range as the 540-AW and
is cited only as an example of an efficient
loud speaker.
Incidentally, present trends in loud speaker
design are toward moving-coil affairs, elecrodynamic units, such as the Magnavox and the
Jensen cones, and the Vitaphone, which is a
moving-coil unit, coupled acoustically to an
exponential horn. All of these have very fine
frequency characteristics, with honors at this
writing in favor of the Jensen. The Jensen is
made in California and is now generally available,
we understand. We have seen curves, above reproach, which show the Jensen to have a quite
flat response curve from about 60 to 6000 cycles.
With a large baffle-board, such as obtained by
inserting the loud speaker in the walls of a home,
the lower limit of response can be pushed down
to about 35 cycles. A six-foot square baffle about
factory.
one
and a half inch thick, is however, very satisIf this Jensen unit, for example, could be made
io tu more efficient, that is to say, deliver the
same output with one-tenth the input, the result
would be distinctly worth achieving. It should
not be forgotten, however, that aside from the
question of overall "audio" efficiency in this
unit, we must supply the coil with 60 mils, at
100 volts — 6 watts of power.
The Magnavox, too, is a fine product, but
seems to suffer from excess filters which appear
to be necessary to prevent too much a.c. hum
from getting into it, to cut down the high-pitched
heterodyne whistles, and other noises. In other
words, a Magnavox loud speaker unit without the
removable devices now employed to make up
for our present poorly filtered a.c. receivers, or
the present unfortunate situation in the ether, is
a fine unit.
We understand from an unimpeachable authority that the Stromberg-Carlson engineers
built into stock receiver models a few years ago,
audio amplifiers so good that nearly all of them
came back. Criticism arose from the fact that
these receivers seemed more noisy than sets of
other manufacturers; more static came in, and
"whistles" were more evident. It was a simple
matter at the factory to put filters in the amplifier
system, cutting down on the two ends of the
frequency spectrum. Then the receivers stayed
sold. It is a fact that many hundreds of these
receivers have been sold to Bell Laboratories
engineers and their friends. As soon as they are
received out comes the soldering iron, off comes
the filters, and out of the loud speaker come the
low and high frequencies that are so essential to
quality.
In the article on the fourcAn
Error
in
tube
"Lab" Broadcast,
receiver inspecthe
Coil Dimensions April Radio
ifications were given in Fig. 2
for coil dimensions. Coils Li and L2 were shown
to consist of 90 turns, No. 24 sec, on a form
2.5" in diameter. The correct designation should
have been 90 turns No. 24 sec. on a 2.0"
diameter form. If the reader already has a 2.5"
coil form, he may use 66 turns of No. 24 s.c.c.
wire to cover the same range.
— Keith Henney.

The Listeners' Point of View
HOW

TO

IMPROVE

IN THE January number we unburdened our
soul of some ingrowing and irate convictions
in an article, "Are Radio Programs Going in
and
the Wrong Direction?" They were, we said,
the general tenor of our hymn of complaint may
be recalled by quoting: "Whatever roseate
promises radio may have seemed to have held
in the past, we are at present thoroughly convinced that things have reached a sorry pass, and
that radio is standing still — smug, self-satisfied,
and unutterably banal. ... In fact standstill
is putting it mildly; the state of affairs is more
exactly a retrogression. All the money, all the
ingenuity, all the labor that is being devoted to
the designing of programs is being diligently devoted to efforts in the wrong direction — with the
result that radio is going to the dogs at a breakneck speed, so rapidly, in fact, that to check it
will require no little effort."
During the four months which have elapsed
since publishing this diatribe we have had an
unusual number of communications, ranging all
the way from heartiest endorsement to bitterest
denunciation.
One commentator says: "The writer is one of
those humans who inordinately admires a
'kicker' if, and when, said kicker registers his
kick with some accuracy and a lot of eclat. That
is preparatory to a 100 per cent, endorsement of
your kick in the January Radio Broadcast —
'Are Radio Programs Going in the Wrong Direction?' Every word in this article is pregnant with
common sense and as true as Gospel." (Such
perspicuity! J. IV.)
Another correspondent states: "You are just
like all the rest of the tribe of critics — 'smug and
self-satisfied.'
What good
do youas expect
to effectin
by such destructive
criticism
is contained
your article in the January Radio Broadcast?
Here thousands of people throughout the country have been putting in eight hours a day for
the last five years to make radio what it is today and then you come along and in an article
that couldn't have taken two hours to write,
presume to set at naught all this accomplishment." (O my, O my, it sometimes takes us
twenty hours to write one of these! J. IV.)
Such was the run of lay comment. We quote
two other replies, both from members of "the
profession." These retorts were not addressed
directly to us but were forwarded to "Pioneer"
of the New York Herald-Tribune who quoted
our unkind remarks in his column. One is from
the president of two small stations and the
other from the president of the National Broadcasting Company. Mr. Donald Flamm, president
of stations wmca and wpch, in a lengthy open
letter said, among other things:
"It is to answer Mr. Wallace, as well as the
radio critic through whose courtesy Mr. Wallace's remarks were presented, that this is written. Idon't propose to speak for all the broadcasters. Iam simply giving my own opinion,
based upon three years of association with the
radio industry and particularly with the broadcasting end of the business. ... I, too, have come
to the realization that radio is at a standstill
and ... it is not within the province of the radio
impresario to do very much about it. And, furthermore, itis going to remain at a standstill
unless some very remarkable change occurs in
the very art of radio broadcasting itself — a
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By JOHN
change that is entirely beyond;
. . . Let us consider . . . the plight
caster.
"He can appeal to his audience only through
sound — nothing else. . . . There is nothing in the
world he can add to his 'tools' with which to accomplish so-called showmanship. There is another angle that we cannot overlook . . . the fact
that the broadcaster is constantly doing something different. In writing a play, the author
takes weeks and sometimes months . . . the stage
director continues the job and shapes and
changes the play . . . until it is finally ready for a
long, or perhaps a short, run on Broadway.
The same play is repeated performance after
performance without the slightest variation of
a line or a movement. The author's job is done,
the director's job is done, the producer's job is
done. How different is the task of the broadcaster! Every program must be different. And
as in the case of wmca, which goes on the air
at 9 o'clock each morning and continues broadcasting right through the day and evening until
sometimes as late as 2 a. m., what opportunity
have we for observing these rules of 'showman"After all, what is there that we can present
ship'?
to the public that will display good 'showmanship' and 'intelligence'? Radio impresarios
have presented almost every great living artist
available. There is not a musical organization
in the country whose services have not been
utilized at some time or other. During the course
of the year we have also presented hundreds of
orchestras, numerous celebrities from all walks
of life, interesting and informative talks by
competent authorities, vaudeville programs,
short programs and long programs; in short,
we have availed ourselves of every possible form
of entertainment. We have not left a stone unturned inour effort to bring to our audience the
complete range of program material. Beyond
that we can do no more."
Mr. M. H. Aylesworth, president of the National Broadcasting Company said, in part:
"I have read with considerable interest the
various criticisms of broadcasting programs
. . . which you recently quoted in your interesting
column. It has occurred to me that a short resume of the talent which has been made available
through the system of the National Broadcasting
Company and associated stations by American
industries who are sponsoring national programs,
as well as those produced by the National
Broadcasting Company, and associated stations
in the last sixty days (January and December),
shows something of the vast undertaking in
arrangement and finance to make possible the
feasible reception of these speakers and artists
by the American radio public." The resume,
which is entitled "A Partial List of Outstanding
Broadcasts by the National Broadcasting Company," isgiven herewith:
Artists, actors, and actresses — Ernest Hutcheson, Percy Grainger, Ohman and Arden, Irene
Scharrer, Ethel Leginska, Robert Armbruster,
Ignace Friedman, Herbert Carrick, George
Gershwin, Josef Lhevinne, Adam Carroll,
Richard Rodgers, J. Milton Del Camp, Richard
Buhlig, Benno Moiseiwitsch, and Mme. Wanda
Landowska, pianists; Mischa Weisbord, Paul

chanski, and Arcadie Birkenholz, violinists;
jel Hayden, Van and Schenck, Katherine
Meisle, Editha Fleischer, Reinald Werrenrath,
Maria Kurenko, Marie Tiffany, Elsie Baker,
Arthur Hacket-Granville, William Simmons,
Mary Lewis, Armand Tokatyan, Ann Mack,
Mary Garden, Al Jolson, John Charles Thomas,
Emilio de Gorgoza, Merle Alcock, Mario Chamlee, Duncan Sisters, Tita Ruffo, Fanny Brice,
Claudia Muzio, Cliff Edwards, Rosa Ponselle,
Giovanni Martinelli, Ezio Pinza, Richard
Crooks,
Braslau, Fred
singers;
Sale, Joe and
Cook,Sophie
Dr. Rockwell,
and "Chick"
Dorothy
Stone, Leo Carilla, Weber and Fields, and
Cornelia Otis Skinner, actors.
Orchestras and orchestra leaders — Walter Damrosch, conducting the New York Symphony Orchestra; Fritz Busch, guest conductor; Roderic
Graham, conducting G. M. Symphony Orchestra; Patrick Conway and band, Edwin Franko
Goldman and band, Paul Whiteman and orchestra, Vincent Lopez and orchestra, and Ben
Bernie and orchestra.
Authors and explorers — Robert Benchley,
Will Rogers, Irvin S. Cobb, Ford Madox Ford,
Louis Golding, Glenway Westcott, Louis Bromfield, Commander George Dyott, Fannie Hurst,
Helen Hull, Elmer Davis, Cosmo Hamilton,
S. S. Van Dine, Dr. Ralph Sockman, John B.
Kennedy, Homer Croy, Grantland Rice, and
Bruce Barton.
ARGUMENTS FOR THE DEFENSE
IN VIEW of the foregoing we have a defense of
our January remarks, and an enlargement of
them.
To those who objected that our stand was destructive, our retort is: It wasn't. We claim,
constructively, that serious instrumental music
should be the backbone of radio entertainment.
We offered no constructive suggestions as to
what should make up the balance of programs,
not because we had no ideas on the subject but
simply because of lack of space. Specific ideas
along those lines follow.
As for Mr. Aylesworth's reply — sorry, but
we're going to quote again from the January
squawk: "What is the right direction for program making to take? Program makers are too
embroiled in their business to glance at the guideposts, too pressed by the strenuous and unceasing job of making programs to take a moment
or two off for a little rational reflection on what
their job is all about. They persist in refusing to
take account of the fact that radio is a new
medium, a unique medium and, like any other
medium, endowed with its peculiar limitations
and peculiar possibilities. Pig-headedly, they
persist in attempting to reconcile with their
duties the traditions of the drama, the opera,
the music hall, and the vaudeville stage."
In view
of these
remarksitsMr.
rebut al isseen
to contain
ownAylesworth's
refutation. All
the individuals he mentions are recruited from
"the drama, the opera, the music hall, and the
concert stage." However, we will not gloat over
Mr. Aylesworth's self-confounding; our victory
is merely a dialectic one. For the fact is that the
programs he mentions are the very best that
are at present discoverable on the air.
But it is unfortunate that this is true for such
programs represent not progress, but stand-
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still. They are good in their way, but they remain a makeshift, a borrowing. Multiplying
them to the w'th degree would still be doing
nothing to serve the ultimate ends of radio as
a permanent institution. Radio must develop
its own artists, actors, actresses, and orchestras.
These may also do work in the other field but
they must be first of all radio performers. What
Mr. Aylesworth lists is not radio performers
but names, names, names.
Mr. Flamm, quoted above, agrees with us —
but — we do not agree with him. Our version of
the predicament was not pessimistic. His is. We
claimed that nothing was being done to get
radio out of its rut. He claims that nothing can
be done.
THE BROADCASTER CAN'T IMPROVE BROADCASTING
THERE the broadcaster — if Mr. Flamm can
be taken as representative — lays all his
cards on the table and discloses himself for what
he is— an unimaginative soul who isn't fitted to
guide his own destinies. He laments that the
broadcaster can appeal only through sound. He
should rejoice. Sound. There is his medium —
plainly and unmistakably identified. There are
half a million sounds in existence awaiting his
use of them. Obdurately he ignores them. The
conclusion toward which we have been laboring should by now have made itself manifest:
the broadcaster can't improve broadcasting.
If broadcasting is to be extricated from the
rut of dull routine in which it finds itself, it is evident that the help must come from without.
Why? The reason is plain enough. The broadcaster isfirst of all a business man — an impresario. If he transcends that he may, in some
instances, be also an interpretative artist. But
by no stretching of the imagination can he be
regarded as a creative artist. Nor are the gents
on his staff of continuity writers likely to be
creative artists. Creative artists are rare birds
and not likely to be found among the hirelings of
a big industry. The result is that nothing is
being created for radio; without creation no
art can come into being — including radio art.
True, there are program makers who go
through some of the motions of creating. But
they haven't
goodsa in
them orandat what
finally
resultsgotis the
merely
banal,
best
"tricky"
arrangementhowever,
of a lothave
of oldno stuff.
The broadcasters,
occasion
to resent this indictment of their artistry. We
wouldn't have them artists! Imagine what
would happen to the National Broadcasting
Company if a crew of long haired birds should
try to run it. It would go out of business in three
days. The broadcasters are marvels of efficiency
in their own field. They have effected the most
rapid growth that any industry has ever known.
All honor is due them. The only trouble is that
they are trying to extend their field outside of
its legitimate limits. Impresarios, well and
good; but creators — phooey!
Now the truth of the matter is that there is
an Art of Broadcasting. The only trouble is that
it hasn't been discovered yet. There have been
inklings and foreshadowings of what it is to be.
But these foreshadowings, though they're as
obvious as the nose on your face, have been practically ignored. To mention a couple of these
harbingers, one was the Eveready Hour's
"Galapagos" and the other was that same organization's "Show Boat."
These two programs came at least nearer than
any others to demonstrating what the new radio
art form will be like. But excellent as they were
they only faintly suggest the unexplored possibilities ofwhat we hereby dub "Sound Drama."
We don't propose to write you a "Sound
Drama." In the first place that's not what
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to earn his salary. Many millions of
we're hired to do, and in the second place we worrying
haven't the necessary talents to do it. But it is dollars are spent in this country every year on
radio programs. It is our conjecture that of these
within our rights and powers to prophesy what
the so far unwritten "Sound Drama" will be many millions of dollars less than a tenth of one
like. It will be a little like the Stage Drama. It per cent, goes to paying for the writing of broadcast programs. Much of it is wasted on paying
will be a little like the Opera. It will be a little
like the Symphony. It will be a little like Liter- the extravagant bills of opera singers and other
ature. Itwill be a little like the Oratorio. And it overpaid interpretative artists.
will be exactly like no one of these. What it will
If less money were lavished on the individuals
be is the perfect synthesis of all the modes we who interpret things, and more money spent in
have mentioned. Which also means it will be getting them something to interpret, matters
would be vastly improved.
quite a chore in the making! No ordinary ham
is going to be able to take all these art forms
As a practical suggestion of a method to start
and weld them into a whole which will be not the ball rolling, we propose the following:
Let some station or syndicate of stations post
merely a conglomeration but a unity, an art
form in itself. It is a task for a creative artist of a prize of $5000 for the best specially composed
the highest ability and originality. The artist program of sixty minutes duration submitted
in manuscript by October 1, 1928. The privilege
who does it will have to be Playwright, Composer, and Poet all at once — in other words of purchasing other compositions at more ordisuch a man as was Richard Wagner. He need not
nary rates could be reserved by the station offering the prize. Certain copyright stipulations
be technically equipped in each one of these
fields of art. But his taste, at least, must direct would also have to be arranged.
What will this winning composition be like?
the efforts of collaborators to a unified end. (It
is needless to add that he must also familiarize
We will suggest its make-up. It will be a collabhimse'lf with the mechanical limitations of radio eration between a modern composer — a Hontransmission and adapt his music and all else neger, say — and a writer or poet. The announcer
will introduce it with not more than two or three
he offers to these requirements.)
The time is now ripe for the new art to appear,
minutes of explanatory foreword. He will not
for the radio lords have brought radio up to the intrude again. This imagined program will open,
point where it is susceptible of being made an say, with a vague rumble of distant noises. They
art. To their credit it must be said that radio will steadily grow louder and presently organis miles ahead of the writing that is being done
ize themselves out of the chaos into recognizfor it. Radio technicians have done astounding
able sounds. They will be-the noises of nature,
perhaps the beating of surf, the noise of a street,
things. They have developed their apparatus
and their knowledge of transmission to the point or the buzzing of insects. They will constitute
where they can do wonders. But there are no the setting. But these noises will be craftily
wonders to be done. Most of the truck that is selected, manipulated, minimized, or exagon the air is an insult to the excellence of the
gerated. Some may be amplified to a high degree
— as they would sound, for instance, to the keen
apparatus that transmits it.
ears of a wild animal. They will suggest the
Radio play directors have made exhaustive
mood of the entire piece.
researches in the realm of noises. They have
learned how properly to imitate hundreds of
Imperceptibly they will melt into music, the
noises in nature. But so far they have been un- music of the symphony orchestra, which will
continue to build up the mood. Then the music
able to put these noises to any artistic use.
The radio engineers and the studio staffs will grow quieter, a modulation will change its
have done their share. They have set the stage. key and its tempo until presently it will merge,
What they need now is something worth while to without any break, into the human voice. Not
put on that stage. And they ought to realize your ordinary human voice, but the voice of an
that they can't produce it. They must call for artist actor which can convey the slightest
outside help. Their position is much like that nuance of emotion. And the words will not merely
of an expert violin maker who has put in months
be words, but just the right words. They will
of loving craftsmanship in the making of a per- be as informative as the words in any stage
play, but at the same time they will be prose
fect instrument. This same craftsman doesn't
attempt to perform on the fiddle when it is poetry. They will further clarify the situation,
finished. He leaves that to the artist.
or plot, which will of necessity be an elemental
So the radio program makers must sooner or and emotional one. The speaker's words may at
later summon the aid of the artist. An artist is any time change into song and perhaps back
attracted to a new medium by four different
again. Presently the noises will be heard again, or
factors: /. The artistic possibilities of the the orchestra, or perhaps a chorus of voices —
new medium. 2. The possibilities of reaching an observers commenting on what transpires. And
appreciative audience through that medium.
so on, all these various sound sources will be manipulated and shuttled about until the comedy
j. The permanence .of the medium. And, 4. The
rewards available in that medium.
or the melodrama, the tragedy or fantasy, whatever it is, has come to a close.
That radio has artistic possibilities we are
firmly convinced. That radio has a large and
In thus briefly setting down our ideas of the
sympathetic audience is an obvious fact. That
possible trend of such a Sound Drama, we have
the medium is at present a most ephemeral one
perhaps made the thing seem simply curious and
happens also to be a fact, but one of no per- "tricky." Perhaps we have made it seem
manent importance. Now, a program is given "highbrow." If it is properly composed and exonce and forgotten sixty minutes later. Which
ecuted itwill be none of these. It will be a gripis generally what it deserves. But there is no
ping emotional thing that will completely carry
reason why a radio creation of sufficient merit us away. It will not be something vague and disand meaty content could not be given again
jointed that we will forget immediately it is
and again and find a permanent place on the rep- over, but something rememberable and pleasertoires of stations throughout the world.
urable. And it will have accomplished its end,
As to the rewards available for creative radio not through visible means, nor verbal descripprogram designing, that brings us up against the
tion, but through an appeal to that much
practical. At present there is no financial in- neglected organ of ours — the ear.
And still the broadcaster laments that he
ducement for any one to worry his head over the
"can
appeal to his audience only through sound
future of radio — unless he be a paid "continuity" writer, in which case he does just enough — nothing else!"

OUR Readers Suggest. . ." is a regular feature
of Radio Broadcast, made up of contributions from our readers dealing with their experiences in the use of radio apparatus. Little "kinks,"
the result of experience, which give improved operation, will be described here. Regular space rates will
be paid for contributions accepted, and these should
be
addressed
to "Our
Readers
Editor,"
Radio
Broadcast,
Garden
City, Suggest
New York.
— The Editor

volume quite a bit in excess of comfortable
listening, and is toned down by the external
control.
I have found that practically any variable
resistor, covering a range of from five to at least
five-hundred ohms, is satisfactory for the purpose described. It is apparently immaterial
whether or not the resistor is inductive.
James Montague,
Newark, New Jersey.
STAFF COMMENT

Remote Volume Control

pLECTRAD, Clarostat, Yaxley and others are
' manufacturing remote volume controls of
the type described by our contributor. Their use
in the antenna circuit, where, of course, signal

THE operation of a receiver by remote
control is an interesting possibility, and
one that has intrigued many engineering
minds. The mechanical and electrical complications of existing systems are such, however, as
to preclude their general use. It is, nevertheless,
a relatively simple matter to control the volume
of a receiver from your easy chair, which, though
only partially solving the problem, is really a
great convenience. The radio fan is, I think,
inherently a lazy individual. Writing from personal experience I may say that there is nothing
more annoying than finding it necessary to
rise from a comfortable chair or sofa to tone
down or bring up volume on a receiver that a
few minutes before was apparently correctly adjusted.
Fans indisposed to labor have undoubtedly
noted that the volume of a receiver is anything
but constant. An original adjustment made
when the broadcaster was using the soft pedal,
proves entirely off on a fortissimo passage. Also,
in congested radio districts, the intensity of
signals, I have found, varies considerably with
the number of receivers tuned to the same program in the immediate neighborhood. This is not
due to an absorption effect upon the field
strength, but rather to a parallel wave trap
effect. Regardless of the reason, the condition
exists and can be made more tolerable by providing a means of volume control from wherever
the indolent listener may be reclining.
The writer uses a variable zero to five-thousand ohm resistor connected between the
antenna and ground posts of the receiver by
means of a long flexible telephone cord. This is
employed as an auxiliary volume control to the
adjustment provided on the receiver itself. The
original volume control is set for a degree of
Raytheon

A NEW CLAROSTAT
It is the remote vo'ume control type. Electrad Yaxley and others have similar controls
intensity is reduced before the signal is impressed
on the audio-frequency circuits, precludes the
possibility of overloading, with resulting distortion.
Devices of this nature can be made to serve a
utilitarian purpose
thanto Mr.
Montague's
commendable
moral other
support
laziness.
Such a
volume control installed near the telephone is a
logical arrangement of genuine utility, and will
be greatly appreciated by persons who have
endeavored to converse over the 'phone in competition with the radio.
Improving Your B Device
CEVERAL articles have appeared in "Our
^ Readers Suggest" department on the improvement of socket power devices. These
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articles have considered, singly, the stabilizing
possibility of the glow tube, the use of additional
resistors to obtain desired plate potentials, and
the use of C biasing resistors. It is the purpose of
this article to describe a simple arrangement
which takes care in one unit of these various
desirable possibilities.
The starting point in improving the existing
B device is in the rectifier tube. In this connection it is necessary first to clarify a misunderstanding which has gained ground of late,
namely, that a rectifier tube, when renewed,
must be replaced bv one of identically the same
With virtually any good Raytheon B socket
type.
power outfit heretofore provided with the Raytheon Btype rectifier, an increase in voltage output may be obtained by substituting the present
Raytheon type BH tube for the old B type. The
voltage, providing it was adequate for the requirements ofthe output tube used before this
substitution, now is of sufficient value to take
care of the grid biasing requirements of the
power tube as well as its plate supply demands.
Other improvements for B devices have taken
the form of better voltage regulation at the
output end. Reliable potentiometer resistances,
together with a voltage regulator tube, will
maintain fixed voltages across two or more
terminals.
The photographs on page 34 present an
adapter which may be connected to many of the
better quality B power units so as to incorporate
the advantages of a potentiometer resistance network and a regulator tube, while increased
voltage output is obtained for use as grid bias
by replacing the B type with the BH type Raytheon, as mentioned above. It will be noted from
Fig. 2 that the adapter comprises a tapped potentiometer resistance, two bypass condensers, a
socket for the R (regulator) tube, and a special
current-limiting resistor for use in the third
element circuit of the regulator tube. These few
parts, along with the necessary binding posts,
may be mounted in almost any desirable manner.
Fig. 1 shows a typical B unit circuit, with the
original resistors supplying the potential requirements oflast year's receivers. Fig. 21 shows
a "wiring diagram of the additional unit described
by the author. Point "A" is connected to point
"A" in Fig. 1 and point "B" to point "B" in
Fig. 1. The center choke tap runs through the
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9000-ohm resistor to the metallic base of the
regulator tube from "X" i'n Fig. 21 to "X" in
Fig.. 1.
The following table shows the value of the
resistors designated in Fig. 2:

This adapter,
describedby
Mr. Replogle,
modernises the old B
supplytubedevice.
is usedA glow

Ri 1000 ohms, 5 watts
R.2 2000 ohms, 5 watts
R3 50000 ohms, 2 watts
R4 20000 ohms, 2 watts
R5 9000 ohms, 5 watts
R6 2000 ohms, (double potentiometer, such as
the Amsco "duostat")
The constructor should find no difficulty in
following the layout of parts by reference to the
photographs.
D. E. Replogle,
Cambridge, Massachusetts.
STAFF COMMENT
THE arrangement shown in Fig. 2 may be
used with practically any socket power
device. As was pointed out in previous articles
of this nature in "Our Readers Suggest" Department, however, the C bias arrangement should
be employed only with a socket power unit
capable of delivering a total voltage output
under load equalling the sum of the maximum
plate and grid voltage required. The grid bias
feature may be eliminated by the omission of C2
and R6 and by the connection of the bottom of
R4 to the regulator tube and to "B" on the
regular B device. This connection is indicated in
dotted lines, the heavy line being, of course,
left out
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the selectivity and tone qualities gained by
employing plate detection.Karl V. Nyquist,
Stromsbing, Nebraska.
STAFF COMMENT
P\ ETECTING on the lower bend of the
plate-current grid potential characteristic
curve, like most justifiable variations from an
average procedure, is characterized both by advantages and disadvantages. The possibility
of distortion due to overloading of the detector
circuit is reduced in the so-called plate method of

speaker can handle without distortion. The
correct adjustment can be easily made with the
aid of such simple apparatus as is generally
found in the radio equipped home.
A no-volt lamp of indiscriminate wattage,
a house current plug, and a 1000-ohm resistor are
required to make the adjustment. This apparatus
is placed in series with 110 volts a. c. and the
loud speaker. The set screw on the loud speaker
collar is loosened and the circuit shown in Fig. 4
is closed. A 120-cycle hum will be distinctly
heard in the loud speaker. The screws holding
the frame should be loosened slightly and the
actuating mechanism moved from side to side
and up and down until the sound is at a minimum. With the set screw loosened the loud
speaker will rattle freely at this adjustment.
The current is turned off and the set screw is
tightened down upon the pin.
Harry Wirth,
New York City.
Selectivity with A. C. Tubes
LJAVING had occasion to alter a half dozen
*■ ■* or so battery receivers for a. c. operation,
with both the R. C. A. and Arcturus types of
tube, I have noticed that the selectivity of the
battery receiver has been, in every case, noticeably superior to that of the rewired job. In the
course of my experiments, however, I found
that the selectivity of the a. c. set could be improved until it was quite on a par with the
original 201 -a job, by
increasing the negative
bias on the r. f. tubes.
Walter Bennett,
New York City.

Plate Detection
THE advantages of using a C battery for bias
in the detector circuit may be retained
without the use of an extra battery by a simple
change in the wiring of any circuit. In the
writer's case a resistance-coupled audio amplifier
is used for the first stage. The detector grid
condenser and leak are no longer used, and are
"shorted" out of the circuit.
Connect the detector rheostat in the A minus
filament line and connect the grid return as
shown in Fig. 3, which arrangement utilizes the
negative bias obtained by the drop across the
filament rheostat. A definite value of resistance
in the detector plate circuit will be found to
work best with each value of C bias. In this
case a one-megohm leak was found to be right
when ninety volts was used with a 201 -a type
tube.
This arrangement was found to be practically
as sensitive as the usual circuit having a grid
leak and condenser, and at the same time had
Detector

1st. AT.

FIG. 3
A useful circuit for plate detection

STAFF COMMENT
\A/ITH
de* * signed coils
for tubes
havingtics ofthe
the characteris20 1 -a type
tube, the substitution
of alternating-current
tubes of a lower input
impedance
sarily resultwill
in thenecesloss
of selectivity, generally
accompanied with an
increase in sensitivity.
AN UNDER VIEW OF THE DEVICE
These effects can be
DESCRIBED
BY MR. REPLOGLE
compensated, as suggested byMr. Bennett,
detection. The sensitivity of the detecting circuit
by increasing the grid bias applied to the radiois, however, generally lessened. In the case under
frequency tubes. It will be found that, at the
consideration, the loss in signal strength is prob- point at which the selectivity is equal to that of
ably negligible due to the fact that the relatively the d. c. set, the sensitivity will also have been
low plate potential is secured by increasing the readjusted to the same degree characterizing the
resistance in the plate circuit of the detector original battery receiver.
tube to approximately ten times the value employed in the grid current detecting system.
Increasing the value of the external plate resistor in a resistance-coupled amplifier, while still
maintaining the applied plate voltage at an
optimum value for detection, increases the input
to the amplifier, which in this instance, partially
compensates the loss in detecting efficiency.
Adjusting Cone Loud Speakers
UOR THE proper adjustment of a cone loud
* speaker, it is essential that the pin be
exactly centered in the collar at the apex. It
often happens that in the rough handling of
transportation the movement of the loud
speaker is shifted slightly from dead center with
the result that there is a strong tension on the
pin. This limits the amount of power the loud

FIG. 4
-WWW
1000 Q
A simple arrangement for the adjusting of cone
loud speakers. Unless properly adjusted, the
cone loud speaker will not give its maximum
undistorted volume

RODUCTS of radio manufacturers whether
p
readers. These pages, which will be a regular feature
of Radio Broadcast from this issue on will explain and illustrate certain products which have
been selected for publication because of their special
interest to our readers. This information is prepared bythe Technical Staff and is in a form which
we believe will be most useful. We have, wherever
possible, suggested special uses for the device mentioned. It is of course not possible to include all
the information about \each device which is available. Each description bears a serial number
and if you desire additional information direct
from the manufacturer concerned, please address a
letter to the Service Department, Radio Broadcast, Garden City, New York, referring to the
serial numbers of the devices which interest you
and we shall see that your request is promptly
handled. — The Editor.

New

Complete A. C. Push-Pull Amplifier
X22
Device: Samson Power Audio Amplifier, Types
PAM-16 and PAM-17 for use with radio receivers or phonograph pick-ups. Both types are
exactly the same except that the type PAM-17
is equipped to supply 40 milliamperes at 120
volts to the field winding of a Magnavox, or
similar dynamic type loud speaker. The amplifier
is a two-stage transformer-coupled unit and
consists of an input transformer followed by a
YAXLEY S POWER CONTROL

A Complete A. C. Adapter Unit
X21
Device: Marathon A. C. Harness equipment.
Consists of a cable conductor, a transformer, supplying the correct voltage for Marathon tubes,
type AC 608, and a volume control. The Marathon a. c. tube is of the heater type and is rated
at 6 volts and 1 ampere. Manufactured by the
Northern Manufacturing Company. Price: $30.00
(5 or 6-tube kit); seven and eight-tube units
available.
Application: In order to make the conversion of
a d. c. set to a. c. operation a simple matter using
Marathon tubes, this company is supplying the
accessory apparatus (transformer, cable, and
volume control) required. It should be understood that this apparatus is made especially for
use with Marathon tubes; the transformer voltage is incorrect for other types of a. c. tubes.
The Marathon a. c. tube is equipped with two

THE MARATHON
extra terminals on the side of the
tube base and the filament transformer terminals need merely be
connected to these convenient terminals using the harness supplied for
the purpose in this kit, and the
tubes plugged into the regular
sockets in the receiver. No adapters
are required. This is a distinct advantage when space is limited
for these tubes, when installed, will
project no higher than the storage battery fype tubes used
formerly in the set. When 226 and
227 type tubes are used with the
necessary adapters the overall
height of the tube and adapter
is greater than that of a storage
battery tube and this fact will,
in some a. c. conversion jobs, give
some difficulty and necessitate rear angement ofsome apparatus.

Apparatus

SAMSON

PHONOGRAPH OR RADIO
AMPLIFIER

type 227 a. c. tube which in turn feeds into the
primary of a push-pull transformer. Two 210
type tubes are used in the push-pull stage. The
filaments of the 210 type tubes are operated on
a. c. and plate power for them is obtained from
a rectifier-filter system using a type 281 tube. As
indicated in the circuit diagram
one of the input leads is shielded.
This lead connects the input of
the amplifier to the output of
the detector in the radio receiver (oroutput of a phonograph pickup if one is used).
Electrically the device has been
arranged to conform with the
underwriters' specifications, all
the wiring being entirely enclosed. The terminals'project
of the
audio transformers
down through the base of the
transformers into the sub-base,
and are therefore unexposed.

A. C. KIT

Manufactured by the Samson Electric Manufacturing Company. Price: $125.00.
Application: This amplifier can be connected to
the output of the detector tube in a radio receiver, being used therefore instead of the amplifier in the set, or it may be used in conjunction
with a phonograph pick-up to reproduce phonograph records. At a recent R. M. A. meeting,
Mr. Cotton of the Samson Company demonstrated the amplifier to two of the staff of Radio
Broadcast Laboratory and the reproduction
from phonograph records was excellent. There
was absolutely no hum audible in the Western
Electric 540 AW cone used. The unit is beautifully finished and is very well arranged mechanically and electrically. Complete data, blue
prints,
Company.etc., are available from the Samson

X23
HOW TO USE THE YAXLEY POWER
CONTROL

Shield Symphonic
At Last — Automatic
Power Control
Device: Yaxley Full Automatic
Power Control. For the automatic
control of the power units used with
a radio receiver. Manufactured by
Yaxley $7.50.
Manufacturing Company.
Price:

1 or—

Pam, 17>

only '

CIRCUIT OF SAMSON AMPLIFIER
35

Application: This device, designed
automatically to control a receiver
installation operated from a B supply
and a trickle-charger storage battery
combination, functions (a) to turn
on the trickle charger and turn off
the B power unit when the set is
turned off, (b) turn off the trickle
charger and turn on the B power
unit when the set is turned on and,
(c) cut out the trickle charger when
the battery is fully charged. All of
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this is accomplished automatically by merely
turning the filament switch on the receiver off
and on. It is evident from the description above
that the functioning of this device differs from
that of an ordinary power control device in that
a relay in this unit is adjusted to cut out the
trickle charger when the battery is fully charged
so that there is no possibility of overcharging the
battery. The device will function with sets having
any number of tubes.

the output transformer. Completely assembled.
Manufactured by the General Radio Company. Price: $20.00.
Application: For use as a last stage amplifier in
conjunction with any standard receiver. Any
type of tube may be used in the amplifier, the
choice depending on the amount of voltage
available for driving the unit and upon the
amount of power output that is desired. This
push-pull amplifier might be used with 1 12 or 120
type tubes where moderate amounts of power are
desired and with 171 type tubes when greater
power is required. An amplifier of this type, in
use in Radio Broadcast Laboratory for some
time, has been giving very satisfactory results.
Volume Control Unit

tobe's interference filter
Heavy-Duty Interference Filter
X24
Device: Interference Filter No. 2. Consists of a
combination of filter choke coils and filter condensers, al assembled in a single case. Manufactured bythe Tobe Deutschmann Company.
Price: $ 15.00.
Application: This filter is designed for use in conjunction with small motors and other devices
which are acting as sources of radio interference.
This filter may be used with motors rated up to
5 horsepower; for smaller motors, interference
filter No. 1 may be used. The filter is connected,
in series with the power line, close to the piece of
apparatus producing the interference. The Tobe
Deutschmann Company will supply any special
filter that may be necessary for unusual cases.

GENERAL RADIO PUSH-PULL AMPLIFIER
A. C. or D. C. Push-Pull Amplifier
Complete
X25
Device: Push-pull Power Amplifier Type 441.
The filament wiring is arranged so that the
filaments may be lighted from either a. c. or d. c.
The input impedance of this amplifier is 30 henries and the turns ratio of the input transformer
to the entire secondary is 4.5. The output transformer has a step-down ratio in voltage of 3.5
to 1, to adapt the tube to the loud speaker impedance. This gives a good ratio for 1 12 and
226 type tubes. If 171 type tubes are used it will
be better to connect the loud speaker between
one plate terminal and the B Plus terminal of
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X26
Device: Table Type Clarostat. Consists of a
Clarostat variable resistance, mounted in a
small metal case, and supplied with extension
cords so that it may easily be connected between
the receiver and the loud speaker. Manufactured
by the American Mechanical Laboratories.
Price: $2.50.
Application: A convenient accessory, readily attached to any radio receiver, to control the
volume of signal from the loud speaker. And as
the advertisements say, it will control the volume
from a "whisper to a roar."
Although the device is primarily intended for
use as a volume control in the loud speaker cirthere is uses
no reason
why ait Clarostat
can't be putis suited,
to any
of thecuit,other
for which
such as controlling oscillations in the r. f. amplifier, by connecting it in series with the B-f- lead
to the radio frequency tubes. This device might
also be used as a volume control when connected in parallel across the antenna and ground
of a receiving set installation.
X27
Filament Transformer for A. C.
Tubes
Device: A. C. Filament Lighting Transformer
Model T-i. Supplies following voltages:
1 \ volts — Capacity for seven type 226 tubes
25 volts — Capacity for four type 227 tubes
5 volts — Capacity for two type 1 12 or 171 tubes
The transformer is arranged with a flexible
lead to be plugged into one of three possible
jacks which permit the transformer to be
operated on line voltage from 80 to 125 volts.
Condensers and center-topped resistors necessary for a. c. tubes contained in transformer
case. Manufacturer: Harold J. Power, Inc.
Price: $10.00.
Application: May be used to supply filament
current to a. c. tubes in a radio receiver. The
flexible lead by which different line voltages can
be compensated is an excellent feature for a. c.
tubes, especially the 227 heater type, which have a
very short life if supplied with excessive filament
voltage. Wiring diagrams of various standard
receivers revised for a. c. operation may be obtained by writing the manufacturers of this
device.
Drum Dial and Adjustable Gang
Condenser
. X28
Device: Gang Condenser and Drum Dial. The
apparatus contains the following features:
1. All of the condensers are mounted on a
single shaft and the condensers may be adjusted to any desired spacing between them
by merely loosening two set screws and slid-

PRECISE

DIAL

AND GANG CONDENSER

ing the condenser along the shaft to the desired position.
2. Each condenser is equipped with an adjustment for slightly altering its capacity, so
that accurate tuning of each circuit in a
single-control set can be accomplished. The
photograph illustrates such an adjustment
being made, a procedure which is only necessary when the set is placed in operation for
the first time.
3. The spacing between the condenser
plates is quite large so that the capacity of
the condenser will not be affected to any
considerable extent by variation in the thickness of the plates.
4. Any number of condensers may be used
in the assembly. Each condenser has a capacity
of 0.00035 mfd. The drum dial is equipped for
a dial light and reads from o. to 100, the scale
being also approximately calibrated in wavelengths. Manufactured by the Precise
X29
Manufacturing
Company. Price: (drum
dial assembly, $5.00; variable condensers,
0.00035 mfd., $6.00). Application: May
be used in constructing a single-control receiver.
Loud Speaker
Device: Rola Table Type Loud Speaker, Model
20. Finished in hand-rubbed walnut. \ \\ inches
high, 1 if inches wide and 6| inches deep. Frequency range, according to the manufacturers,
is approximately 70 to 5000 cycles. The loud
speaker is equipped with a filter to suppress the
higher frequencies. The armature of the unit is
laminated, evidently to obtain higher efficiency.
Manufactured by the Rola Company. Price:
Application: This loud speaker may, of course,
be used with any standard radio receiver. The
manufacturers recommend the speaker espe$35.00.
cially for use with a. c. sets, because of its "tendency to suppress and minimize the residual hum
characteristic of most a. c. sets."
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A LTERNATING-current operation of
/-\ screen-grid tubes has been in the minds
^
of many experimenters, judging from the
amount of correspondence received by Radio
Broadcast, and by the number of visitors to the
Laboratory who have broached this subject.
The receiver described here is the first that has
come into the Laboratory which shews how this
may be accomplished. After all the speculation
regarding the possibilities of a. c. operation of
this new tube, the trick of how to do it seems to
be no trick at all; all one needs is a source of
a. c. voltage of the proper value — 3.3. volts.
The receiver, originally designed for d. c.

Receiver

operation, was described in the March Radio
Broadcast. It covers, with plug-in coils,
all frequencies between 100 and 10,000 kc, and
consists simply of a stage of radio-frequency
amplification using the screen grid-tube, a regenerative detector, and two stages of audiofrequency amplification, transformer-coupled.
All tubes in the present adaptation of this receiver operate from a. c, the voltage for the
screen-grid tube being obtained by connecting in
series the 1.5- and the 2.5-volt windings of a
standard filament transformer, and then dropping the resultant 4 volts to the proper value,
3.3, by means of a 4-ohm resistance. The output

tube is a 1 12-A and the detector and first audio
amplifier are heater type c-327 or UY-227 tubes.
In the proper places in the circuit are bias resistances sothat not even C batteries are necessary for the receiver's operation.
In the Laboratory the use of a. c. on the screengrid tube's filament contributed no a. c. hum to
the output from the loud speaker. When listening
with a pair of phones across the output, the hum
which is audible is no greater than that of any
two-stage audio amplifier and detector operating
entirely from a. c.
The difference in circuit between the original
d. c. receiver and the present one can be determined by reference to the accompanying diagrams, Figs. 1 and 2. Aside from the a. c. wiring,
and the addition of C bias resistors in their
proper places, another change is that the grid
leak is placed across the grid condenser instead
of from grid to plus filament. This is because the
heater type of tube has no filament proper, and
all grid and plate returns are connected to the
fifth or cathode post of the tube.
Reference to the diagram of the a. c. model,
Fig. 2, shows the following resistances which are
not in the d. c. set: Ri, 1500 ohms, to furnish C
bias for the screen-grid tube; R2, 64 ohms, centertapped, across the filament of this tube, the
center point connecting to ground through the
bias resistance; Ri; R3, 4 ohms, to drop the output
voltage of the transformer to 3.3 volts for the
filament of the screen-grid tube; R4, 1500 ohms,
in the grid return lead of the first audio tube to
supply C bias to this tube; Ri, 2000 ohms, to
furnish C bias to the last tube; and R6, another
64-ohm center-tapped resistance for the last
tube, the center connecting through the bias
resistance to ground. There are also two o. i-mfd.
condensers across the center-tapped and bias
resistances on the screen-grid tube to act as radiofrequency bypasses, and there is a 500,000-ohm
potentiometer across the secondary of the first
audio transformer to act as a volume control. A
i-mfd. condenser across the C bias resistor of the
final tube is optional. Its inclusion will provide
better bass note reproduction. Naturally, uy
sockets must be used in place of standard sockets,
for the two heater type tubes now used in the
detector and first audio stages. Otherwise the
present receiver is exactly like the one described
in March. It covers the same frequency ranges,

(CX-312-A)
UX-112-A

= Ground

FIG. I
A schematic diagram of the four-tube receiver as originally designed for d.c. operation
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uses the same parts, is laid out
on the panel and baseboard
similarly, and its operation
differs not at all.
As stated before, to get 3.3
volts for the first tube's filament it is necessary to connect in series the 2.5-volt and
the 1.5-volt windings of the
standard filament transformer. Ifthese windings are
not connected together properly, the screen-grid tube will
not light. No harm can be
done, however, by such a connection, and, therefore, the
builder can easily determine
which connection is proper.
The voltage on the filament of the screen-grid tube
TU C CONTROLS ARE GROUPED CLOSELY TOGETHER ON THE FRONT PANEL
is not critical as to hum; the
variation in voltages occurring
in practice, due to line fluctuations etc., are not
R5 — Yaxley 2000-Ohm Grid Resistor. . .
.50 connected to its appropriate clips by means of
R7 — Durham 5-Megohm Grid Leak. ... .25 carefully twisted wires. Preferably, it should be
great enough to cause hum.
situated a foot or so from the audio transformers
Rs — Carter
Volume ConWhile the arrangement used .or t.ie operation
trol500,000-Ohm
Potentiometer
2.00 in the receiver.
of the 222 tube in the four-tube set has not been
Thirteen Fahnestock Connection Clips .65
receiver operates exactly as any other set
tried with two or three r. f. stages yet, there ap- Two S-M 511 Tube Sockets
1 .00 of The
its type, the two station selector dials serving
pears no reason why it should not function satis- Two S-M 512 Tube Sockets
1.50
factorily, and the application of a. c. operation
Two S-M 805 Vernier Drum Dials. . . . 6.00 to tune-in the different stations in the broadcast band of 200 to 550 meters, the midget reto two- and three-stage screen-grid r. f. amplifiers
7x17x5" Wood Baseboard, with Hardware 1.50
generation condenser controlling sensitivity
should prove a most fertile field of experiment.
(regenerative amplification) and the volume
1 Van
Doom
7x18"
Decorated
Metal
The parts used for constructing the four-tube
Panel
3.00 knob controlling loud speaker volume. No
a. c. screen-grid receiver are listed below. While
AND THE FOLLOWING ACCESSORIES
"On-Off" switch has been provided in the set
the parts specified are recommended, the experifor it is assumed that the socket-power unit or
menter may substitute other makes of parts UX-112-A (cx-312-A) Power Tube
filament transformer used will be provided with
electrically equivalent with safety:
ux-222 (cx-322) Screened Grid Tube
a switch either in the instrument itself, or in the
Li — S-M 1 1 1 A Antenna Coil
$ 2.50 Two UY-227 (c-327) Heater Tubes
connecting cord, or if in neither, the set may
U— S-M 114SG R. F. Coil
2.50 Cone Loud Speaker
Filament-Lighting Transformer with \\-, 2j- easily be turned on or off at the lamp socket to
Two S-M 515 Universal Interchangeable Coil Sockets
2.00
and 5-Volt Secondaries, such as the S-M 247 which the power unit supply cord is attached.
Illustrated.
L3 — Two S-M 275 R. F. Chokes
1.80
Using the standard 111-A and 114-SG coils the
T — Two S-M 240 Audio Transformers 12.00 Three 45-Volt Heavy-Duty B Batteries, or set tunes from 200 to 550 meters, while by
Any
Standard
Socket
Power
Unit
Capable
of
Ci — Two S-M 320 0.00035-Mfd. Varidropping the r. f. stage and connecting the
Accurate Voltage Adjustment.
able Condensers
6.50
antenna to point 3 of the detector coil socket
C2 — S-M 342 0.000075-Mfd. Midget
The coils listed above are suitable to cover the through a small 0.00002 5-mfd. midget condenser
Condenser
1.50
broadcasting frequencies. Other coils from the the set will cover the shorter wavelength ranges
C3 — Sangamo 0.0001 5-Mfd. Condenser
with Leak Clips
.50 same manufacturer make the receiver truly from 30 to 75 meters with 114-C coil, or 70 to
C4 — Two Fast i-Mfd. Condensers . . 1.80 universal insofar as wavelength range is con- 210 meters with a 1 14-B coil. Waves above 550
cerned.
Cs — Two Sprague o. i-Mfd. Bypass
meters may be received with a 1 1 i-D and 1 14-D
Condensers
1.70
To hook this set up, it is simply necessary to coils (500 to 1500 meters) or a 1 1 i-E and 1 14-E
Ri, R4 — Yaxley 1500-Ohm Grid Resisconnect the B batteries (or the socket power
coil (1400 to 3000 meters). Although there
tors .00
1
are no American broadcasting stations operating
supply),
loud
speaker,
antenna
and
ground,
to
R2,Resistors
Rf,— Two Frost FT64 Balancing
1.00 the clips marked in the illustration, and to insert above 550 meters there is great sport for those
these lower frequency
R3 — Carter 4-Ohm Resistor
.25 the tubes. The filament transformer must be who know the code on bands.
Ships at sea,
r0.0000?5 mfd
compass stations, air*,
mail stations, time signals, and navy vessels
— all have wavelengths
covered by this receiver.
It will be necessary to
shunt the regeneration
condenser with a fixed
capacity of 0.0001-mfd.
to get when
good the
oscillation
control
D and
E range coils are used.

4Vnlts
FIG. 2
Circuit diagram of the a.c. screen grid receiver

" Time Amplifier
o
CX-326

o
CX-326

o
o
CX-326 C-327

110A.C.V.

FIG. I
Switching provides for the use of this circuit either as a super-heterodyne or as a single-circuit receiver

A

Flexible
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THE receiver described in this article has
several unique points of interest which
distinguish it from the commonplace. In
the first case, it is a.c. operated, a feature which
is becoming more and more popular. The most
interesting feature of the receiver, however, is
the fact that, by the mere flip of a switch, the
degree of selectivity and sensitivity of the system may be augmented or decreased, depending
upon the requirements of the operator and his
geographical location with respect to the station
he wishes to hear. The circuit, in its most sensitive form, is a super-heterodyne employing a
three-stage intermediate-frequency amplifier.
The switching, which controls the selectivity and
sensitivity, provides for three circuit arrangements as follows:
ist Position: The receiver is converted into a
single-circuit receiver with one tuning control
and one volume control, the output of the detector tube inputting directly to the audio
amplifier.
2nd Position: Same as ist Position with the
exception that a series condenser in the antenna
circuit is switched in by means of a Yaxley No.
10 antenna switch, thus adding a further tuning
control, but at the same time improving sensitivity.
3rd Position: The complete super-heterodyne
receiver is thrown into operation, a third main
tuning control being added. The antenna tuning
condenser need not necessarily be switched into
circuit in this case.
The switch used for switching from single-circuit
receiver to super-heterodyne receiver is a Yaxley
No. 63 triple-pole switch. In Fig. 1 (the complete
circuit diagram up to the output of a singlestage audio amplifier), various connections to
this switch are indicated by number but are not
grouped. The numbers for the switch terminals
are determined by counting from right to left
from a rear view of the switch.
Fig. 1 shows a coil and the condenser in series
with the antenna. Variation of this condenser
tunes the antenna to any desired frequency
in the same manner that the grid circuit of a tube
is tuned, with a consequent increase in signal
strength. At the same time, the strength of sig-

Super*Heterody
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nals flowing in the antenna circuit at other than
the resonant frequency is reduced, following
the law of all series-tuned circuits. Laboratory
measurements show this gain at the resonant
frequency to be equal to that of one radiofrequency stage. Coupling to the detector circuit is obtained through a small variable coil,
L2, which is a part of the Samson No. 3 1 coupler
(which comprises L2, L3, and L4). This coupling
coil, particularly when the antenna tuning is
used, is generally set very near the minimum
coupling point, with a consequent increase in
selectivity.
Having made the antenna circuit and the
coupling method as efficient as possible we turn
next to the first detector. This tube is regenerative with the sensitive grid leak and condenser
method of detection and at this point the circuit
departs from the ordinary. The Yaxley No. 63
triple-pole switch is used here to cut out the oscillator and intermediate stages of the receiver,
at the same time transferring the first detector
plate lead from the intermediate amplifier input to that of the audio amplifier. The result is
a highly efficient regenerative receiver with an

audio amplifier. The middle dial may be used
alone in tuning-in the local programs with the
antenna coupling acting as a volume control.
If additional efficiency is required, a flip of the
antenna switch makes the antenna tuning feature
immediately available.
A change of position of the three-pole switch
returns the detector plate to its normal connection in the super-heterodyne circuit, at the same
time lighting the oscillator and intermediateamplifier tubes, which gives us a two- or threedial super-heterodyne receiver. Instead of the
ordinary coupling coil method of . introducing
the heterodyne frequency to the detector grid
circuit this is done by placing the oscillator coil
itself in inductive relation to the detector coil.
This eliminates the losses of signal strength
frequently caused by a tightly coupled coil
which is, in most cases, at ground potential.
The oscillator circuit is thus made entirely independent ofthe receiver except for its power
supply. The oscillator circuit is the familiar
modified Hartley circuit, grounded rotor plates
preventing any hand-capacity while tuning.
The beat note set up by the oscillator and first

A FRONT VIEW OF THE COMPLETE RECEIVER
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detector is impressed on the first intermediatefrequency amplifier tube grid. The reader will
no doubt recognize the intermediate amplifier
as the well-known Silver-Marshall "Jeweller's
Time-Signal Amplifier" unit. The high amplification, the sharp cut off of its accurately tuned
air-core transformers, and the consistently excellent results obtained with a considerable
number of these units, are the reasons for its
selection for this receiver.
After the second detector, the audio component of the signal is amplified by one stage of
audio amplification. A choke coil together with
the bypass condenser included in the amplifier,
combine in bypassing the radio-frequency component of the signal to ground, thereby keeping
it out of the audio amplifier. The output of this
stage is fed to the second audio stage, which has
been omitted in the circuit diagram.
To combine the various ideas described above
in a receiver employing battery-operated tubes
is an easy matter. Fig. 2 shows such an arrangement. True electric operation, however, is convenient and obtained in simplest, cheapest, and
least troublesome form with the tubes lighted
from an alternating-current source of supply.
Tube life when a.c. tubes are used is an important consideration. The writer's experience indicates that excessive filament voltage is the
cause of complaints of short life of the a. c.
tubes. An almost total lack of measuring instruments is responsible for this condition which
time and an increase in knowledge will undoubtedly correct. As all tubes in this receiver are
worked at a point well under the rated voltage,
uniform and highly satisfactory results are to
be expected, the voltage adjustments being extremely easy to make.
GENERAL CONSIDERATIONS
THE omission of a number of details from the
* review of the receiver, while enabling the
reader to obtain a clearer idea of the main features, has no doubt set up a number of questions. The numbers for the switch terminals
are determined by counting from right to left
from a rear view, as explained previously. The
first detector and oscillator circuits may be
easily traced with this information at hand.
These tubes in these two circuits are of the cathode type in order that the beat note, tremendously amplified in the intermediate stages,
will be absolutely free from hum. The cx-326
(Ux-226) type tube is used in the three intermediate stages, the 20-ohm potentiometer, R3,
across the filament circuit, providing a mid-tap
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for the grid returns. The 1000-ohm potentiometer, R2, biases the grids of these tubes to prevent oscillation and hum, the usual method of
running the grids positive being impossible
where alternating current is employed. The
method of securing the bias voltage will be recognized as that used in biasing the last audio
stage in the modern power amplifier. A 50,000ohm variable resistor, R4, is shunted across the
primary of the audio transformer in order to
provide an additional means of reducing the volume when the super-heterodyne is employed.
The remaining resistor, the 3000-ohm potentiometer, Ri, provides a common bias voltage
for the second detector and first audio stages.
The adapter which is necessary in order that
the cathode type tube may be employed in the
standard socket in the "Time-Signal Amplifier"
is omitted from the diagram for the sake of simplicity. Itis referred to in the list of parts. A
detailed account of this device will be found later,
in the wiring instructions. The various colored
leads, ten in number, noted in the diagram, are
provided in a single Jones ten-wire cable. This
enables the user to disconnect the power from
the receiver in a second or so. A Silver-Marshall
filament transformer is used to supply the two
filament voltages for the a.c. tubes and the voltage for the dial lights. Three of the cable wires
provide B voltage to the receiver while a fourth
connects the plate of the first audio tube to the
primary of the second transformer.
ASSEMBLY
\A/
'"^thea SrasP
°f tneemployed,
main factstheandconstrucan idea
* of
principles
tion of this receiver becomes an extremely simple
matter. The first step is that of assembly. All
of the apparatus, with the exception of the
"Time Amplifier," is put in the positions noted
in Fig. 3. The pointers listed below have been
gathered from the experiences of a number of
builders, and if followed carefully, will insure
perfect results.
After mounting the panels and dials the first
point to be noted in the assembly is the method
of mounting the condensers. The slotted bars
provided with the dials are removed and a oneinch machine screw is slipped into the slot in the
dial frame. The three collars or bushings furnished with each dial are slipped over the screws.
The condensers are then held in the position
shown in the photograph and the screws are
threaded into the holes provided in the condenser frames. An extremely solid mounting is the
result. The tube sockets, audio transformer,

>o.7
<(900002C5 mfdTime Amplifier
OOO
Dial Lights

R5 '

90 V. 6V.AX.orD.C. B-

45O V -4HC

FIG. 2
Circuit arrangement for battery operation
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switches, bypass condenser, choke-coil, the
50,000-ohm resistor on the panel, and the antenna coil require no special description. The
remaining resistors are mounted on the resistor strip which is raised two inches above the
baseboard by brackets, in the following order:
In No. 1 position place the 3000-ohm potentiometer; No. 2, the 1000-ohm potentiometer;
No. 3, the 20-ohm potentiometer; No. 4, the
50,000-ohm
resistor.
The double
rotor coupler (consisting of L2,
L3, L4) used in the first detector circuit to secure
variable antenna coupling and regeneration
requires altering before mounting. All but
eight turns are removed from the antenna coupling rotor, L2, which is controlled by the lower
of the two knobs. The oscillator coil also requires alteration before mounting. Eight turns
are removed from the outside end of the large
or grid winding of the coil, L5. This is done so
that the detector and oscillator control settings
will match although tuned 112 kc. apart. The
wire removed from this coil should be added to
the plate coil, L.6, at the bottom, insuring sufficient feedback to cause oscillation. This coil is
then mounted three eighths of an inch from the
coupler, as shown in the photograph, to insure
proper coupling.
The wiring of the first detector, audio stage,
and oscillator circuits is the next step. A twisted
pair from the pink and blue terminals of the
cable to each pair of dial light terminals eliminates these from further calculation. From
the yellow and black terminals another twisted
pair is connected to the contacts of the mid-tap
resistor mounted on the filament posts of the
audio tube socket. From this point the pair is
continued to the detector socket and from there
one wire goes to the oscillator tube socket
while the other connects to Contact No. 5 on
the triple-pole switch. A wire from No. 4 contact on the switch to the remaining filament
post completes the wiring of the heater circuits.
The remaining wiring to these three tubes may
be easily traced from the diagram.
All filament, cathode, and B battery wiring
should be formed along the main cable, as shown
in the photograph, wherever possible. The leads
from the plate of the detector to the switch, from
the antenna coil to the coupling coil, and other
leads at a high potential from a radio-frequency
standpoint, should be formed in a secondary
cable close to the panel. Avoid right-angle
bends on grid and plate connections; the shorter
they are, the better. In wiring the oscillator circuit be sure that the grid and plate connect to
the outside ends of their respective coils, or the
tube will not oscillate. Pin-jacks may be mounted at the ends of the resistor strip so that a
phonograph
or onemayof betheemployed.
"homebroadcasting" pick-up
microphones
One pin-jack should be connected to B minus
and the other to the plate terminal of the audio
transformer.
The drilling instructions for the resistor strip
are shown in Fig. 3. Only two of the three connections on the 1000- and 3000-ohm potentiometers are employed as their function is that of a
variable resistor rather than a bridge resistance
in this circuit.
The "Time-Signal Amplifier" should be put
in position next. The filament wiring should be
twisted together and the remaining leads running the length of the receiver should be formed
into the main cable. The B minus, plus 45 volt,
and plus 90 volt connections should be picked
up at the nearest point in the wiring of the
other tubes and connected to the proper posts
on the amplifier.
The adapter for the second detector tube,
referred to previously, is provided with a pair

A FLEXIBLE

MAY, 1928

(
A.C. SUPER

Cable Block-, Resistor Strip
220
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LAYOUT OF PARTS
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Ant.
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to the left to obtain
greatest volume. After
tuning up and down the
dial a few times the antenna tuning should be
tested by opening the
switch. Its effect will be
noticed more readily on
the weaker stations. The
dial setting may be
matched within a few
divisions of the detector
dial by putting a few
turns of wire in series
with the antenna. This
will be necessary only
where a short antenna is
employed. Up to 1 50 feet
may be used without
fear of broad tuning, assuring a stronger signal
from distant stations.
The oscillator is tested
by the
tuning-in
in
middle aorstation
lower

its plate voltage from either batteries or power- 2.75
supply unit, various changes must be made. Three
S-M No. 51 1 sockets will be required in place of the
three No. 512 ones indicated in the list of parts.
Two Carter I R-6 6-ohm rheostats, R9 and Rio, are
also necessary. A Carter M-400-S potentiometerfilament control switch, Rg, is also wired in the
•
circuit. The list of parts for the a.c. receiver:
2. 41
85
122.50
List of Parts
Ci, C2, C3 — Samson No. 65 0.0005-Mfd. densersConI
•
Li — Samson No. 71 Antenna Coil
10.50
L2, L3, L4 — Samson No. 3 1 Coupler
L5, L.6— Samson No. 41 Oscillator Coil
Three Marco No. 421 Illuminated Controls
S^M No. 440 Time Amplifier (Includes
Detector)
Three
Intermediate Stages and 2nd
7.50
.00
T — S-M No. 220 Audio Transformer
8
1 00
Lv— S-M No. 276 Choke Coil
Three S-M No. 512 Tube Sockets
35
Sw — Yaxley No. 10 Antenna Switch
1 .50
60
One Yaxley No. 63 Triple-Pole Switch
Ri tiometer
— Carter MW-3000 3000-Ohm Poten1
R2 — Carter MW-1000 1000-Ohm Potentiometer
1
R3 — Carter MP-20 20-Ohm Potentiometer
Pm, R6 — Carter Type L 50,000-Ohm " Hi- 4 .00
Carter Cathode Tube Adapter
1 AO
.50
Re — Durham 2-Megohm Leak
Rt — Frost FT-64 Mid-Tap Resistor
C4 with
— Carter
Clips0.0001 5-Mfd. Grid Condenser,

portion of the wave band
and temporarily shortcircuiting contacts Nos.
<
<>
>
<>
4 and 5 of the switch.
After the tube has
Y
warmed up the dial
«-- 15s"- ->should be rotated. A
-Hi"*
- - 7*4"-STRIP
e -- • -13$" - ->■RESISTOR
loud heterodyne squeal
FIG. 3
on the incoming signal
Cs — Carter 0.002-Mfd. Condenser
indicates the proper
C6 — Carter No. 210 i-Mfd. Bypass Condenser
1
functioning of the oscillator. A check up on
of filament leads, the pins that normally would
the connection and the continuity of the grid Jones No.
3
supply filament power being dummies. These
BM 410 Ten-Wire Cable
Ohm"
leads are twisted together and connected to the and plate circuits will readily correct any trouble.
Cortlandt Panel 7" x 24" x T%" Drilled and
7
filament terminals of the oscillator tube socket,
The third step in the testing is that of the
Engraved
Resistor
Mounting
Strip
if"
x
75"
x
TV
the detector then turning on or off with the rest intermediate amplifier. The iooo-ohm resistor
Drilled
of the intermediate tubes. The grid and plate should be set at a quarter turn from the zero
60
7518.25
Baseboard
I2"x23"xf", Plywood Premake the normal connections to the circuit
bias point, the 15-ohm potentiometer at the midferred
through the adapter pins while the cathode is
point, and the B resistor slightly below the full- Two Rolls of "Braidite" Wire, Two
voltage position. A turn of the switch and a few
brought to the pin normally used for negative
Colors
One Fahnestock Clip and Assorted
moments wait should see the super-heterodyne
filament. The wire connecting to the correspond75
Screws
ing post on the socket inside the can should be in operation. A rapid succession of "birdies"
Total
$1
unsoldered and a new wire run out of the shield when
the oscillator is tuned indicates oscillation
The following additional equipment is partly
from this post and connected to the cathode post in the intermediate stages. This is the only
trouble that will be encountered if the wiring necessary to operate the receiver. A choice in
of the audio amplifier tube socket. The removal
has been done in the correct manner. It is several instances may be made by the construcof this connection, which is merely a connection
$24
to the shield, does not disturb the circuit in any readily corrected by reducing the filament volt- tor.
00
Four
c-327
Tubes
way. The bypass shown across the B and P
age. An o. 5-ohm rheostat, which should be located Three cx-326 Tubes
9 00
terminals of the amplifier is most important, as at the filament transformer end of the cable, Ti
8 00
325 Filament Transformer
is the remedy. A slight readjustment of the One— SM
well as the radio-frequency choke in the output
S-M 660-210 Power Pack or —
lead of this amplifier.
66
bias and B-voltage resistor will also be of assis- One S-M 660 171 Power Pack
The receiver is now ready for test. To do this
tance. Itshould be borne in mind that the ampli- One Fritts Cabinet 7" x 24" x 12"
fier should be adjusted
properly the power unit that is to be used must
be at hand. A few suggestions anent this unit so that maximum amplification isobtained
will undoubtedly assist those who are not faat all times. The input
miliar with this adjunct to quality reception.
The combination of a full-wave rectifier, a good is controlled by the antenna coupling while
filter circuit, and a voltage regulator tube provide the best possible B voltage supply. As the the resistor across the
transformer primary
unit is also used to secure C bias, its freedom
from ripple is important. Naturally a push-pull
may be used as an
cx-310 (ux-210) stage represents the last word
auxiliary means of refor a tremendous amount of undistorted output
ducing the tremendous
volume that may be
although a cx-371 a (ux-171) stage will be found
sufficient in the average home.
obtained, to a reasonable level. While the
The first step in testing is to throw the
switch to the single-circuit receiver position. A rheostat takes care of
minute should elapse before the receiver starts the voltage applied to
functioning. The 3000-ohm resistor should be the cx-326 (ux-226)
set at the halfway position. Failure to operate
tubes in excellent fashion, care should be
may be readily traced in this simple two-tube
set. Hum audible over a foot from the loud taken that the cathode
tubes are not run at
speaker indicates either oscillation, in which
an excessive voltage.
case the tickler should be adjusted, or an open
HOW THE PARTS ARE LAID OUT
If the receiver is to
circuit. A check of the B voltage at the plate
The coilil units to the left comprise L2, L3,
and a test for open grid circuits is sure to locate be operated from an A
the trouble. The panel resistor should be turned
battery and is to derive
L4, L5, and L5, while Li is to the right
if(
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ig. Frequency Runs
THE various elements of the circuits used
in broadcasting exhibit effects which depend, among other factors, on the frequency of the potentials applied to them. A
line, for example, tends to attenuate voice currents of high frequency more than currents of
lower frequency, because of the shunting effect of the distributed capacity, which varies
with the frequency. More specifically, we may
say that every piece of apparatus has a definite
transmission characteristic with frequency,
which it is necessary to know if organizations of
apparatus are to be brought about for given
objects, forof example, impartial or "flat" reproduction sounds of different pitches. Such a
curve of amplitude against frequency is secured
by means of a frequency run. In broadcasting
the most common frequency runs are made
within the audio band, say between 50 and
10,000 cycles per second, and typical circuit

Audio
Oscillator

10 Tu
— vwwArtificial Line
500
ohms
tvvwvv
Volume
Indicator

of Broadcasting

amplitude of 5-per cent, is allowable, but the
proportion must not be greater. The power output of the oscillator should be reasonably constant over the range of frequency, and it is not
difficult to design an oscillator which will meet
this requirement within 5 per cent, output voltage variation over a 50 to 10,000-cycle band. The
oscillator may be one of several types. One form
consists of audio tuned circuits, generally employing fixed condensers and obtaining the frequency variation by means of taps on an iron
core coil of suitable inductance. The inductance
and capacitance together tune to the audio frequency directly. Another type of audio oscillator
utilizes the heterodyne principle. Two radiofrequency oscillators have their outputs combined, rectified, and, if necessary, amplified at
audio frequency. Generally one of the component oscillators has its frequency fixed; the other
radio frequency is varied, and the beats may be
made to cover the whole audible range. Precautions must be taken to avoid too much fre-

Line

lume
licator

FIG. I

elements which require this sort of investigation
are telephone lines and the audio circuits of
transmitters. Representative methods of making
such tests will be briefly described in this article.
Fig. 1 is a diagram showing how a frequency
run may be made on a wire line, using an audio
oscillator at the transmitting end and vacuumtube voltmeters for the indicating instruments.
The audio oscillator in all such work must fulfil several requirements. It must cover the
frequency range over which the circuit is to
be equalized. For ordinary line work, by present
standards, this would be from 100 to 5000 cycles,
hence the oscillator of Fig. 1 will have to more
than cover this band — a 50to6ooo-cycle oscillator
would be suitable. The output must be substantially free from harmonics. Obviously since the
instrument is to be used in determining frequency characteristics one must be able to secure
oscillations of any frequency in the range without the admixture of other frequencies. If, for
example, the behavior of the line is to be studied
at 200 cycles, the harmonics (400, 600, 800 . . .
cycles) must be suppressed. Usually a harmonic

SEES

quency drift, owing to varying voltages, and there
is also a tendency for the two radio oscillators
to pull into synchronism at the lower beat frequencies. Some information on the construction
of audio beat oscillators for laboratory testing
is contained in several 1927 papers in the Proceedings ofthe Institute of Radio Engineers
(Wolff and Ringel: "Loud Speaker Testing
Methods," May, 1927; Dickey: "Notes on the
Testing of Audio-Frequency Amplifiers," August, 1927; Diamond and Webb: "Testing of
Audio-Frequency Transformers," September,
1927). In general, broadcasters who lack labora-

FIG. 2

+

IT

Stations

tory training in measurements will do better if
they buy such instruments as audio oscillators.
Such apparatus is sold by the General Radio
Company, Graybar Electric Company, and
other concerns. Oscillators covering a range of
from 10 to 50,000 cycles, or higher, with definitely known output characteristics, are obtainable. One form covers from 1 5 to 9000 cycles,
continuously variable through a single control;
the price is a little more than $200.
Returning now to Fig. 1, we note that the receiving instrument is a "volume indicator" of
the vacuum-tube type. The circuits of a typical
form are shown in Fig. 2. The action will not be
taken up in great detail, as a previous article in
this series ("Volume Indicators," Radio Broadcast, May, 1927) dealt with the general theory.
In the form shown the negative grid bias is adjusted until the d.c. galvanometer in the plate
circuit of the tube reads 5 scale divisions out of
a total of 60 full-scale. Then the tap on the
secondary of the input transformer is set to give
peak readings, with modulation, of, say, 30 scale
divisions. The level of the circuit across which
the instrument is bridged may then be read on a
scale attached to the transformer tap switch.
High levels, obviously, correspond to settings
in which only a small portion of the total transformer voltage is utilized, whereas when the telephonic level is low, more of the winding must be
included by means of the tap switch in order to
get the requisite galvanometer swing. Obviously
the readings of such an instrument are the resultant of many factors, such as the wave form
of the alternating currents under measurement, the ballistic characteristics of the galvanometer, the size of the galvanometer shunt,
the smoothing characteristics of the inductancecapacitance filter in the plate circuit, the type
of vacuum tube employed, and other details,
but it is possible to design such level indicators
to read in telephonic transmission units with
sufficient accuracy for the usual purposes of
broadcast transmission or measurement. The
prototype is the Western Electric 518-B type,
which, in its lowest range, from minus 10 to
plus 10 TU, is constructed as shown in Fig.
2, but extends the range of measurable levels to
as high as plus 40 TU by the addition of a potentiometer arrangement across the secondary of
the input transformer.
Obviously a level indicator must always be a
bridging instrument, a circuit element, that is,
with a relatively high input impedance, intended
for connection across circuits of low impedance
without drawing enough energy from the lowimpedance circuit to affect conditions therein.
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The volume indicator described above has an
input impedance of about 12,000 ohms and it
must be used across a 500- or 600-ohm circuit if
its calibration is to hold. It is so connected in
the set-up for a line frequency run shown in
Fig. 1. The output of the oscillator is of 500
ohms impedance. This feeds a 10-TU artificial
line which presents an impedance of 500 ohms
in each direction. The usual repeating coil is
inserted ahead of the line. The line is assumed to
have an impedance of about 500 ohms also. At
the other end of the line there is an equalizer
(See article on "Types of Equalizers," Radio
Broadcast, June, 1926) followed by a twostage amplifier, with an output impedance of
500 ohms. This amplifier must be terminated
with a resistance of this magnitude, therefore,
before the level readings of a volume indicator
bridged across it will be valid.
Since the equalizer is at the far end of the
line, the latter will not present a strictly constant impedance at the transmitting end, and
this would affect the output of the oscillator if
instrument were connected directly to the line.
The artificial line acts as a buffer, in that it provides a more constant impedance for the oscillator to feed into; in some cases the artificial line
network also permits measurement at more
convenient levels without excessive input to the
telephone line.
The procedure for a frequency run is obvious
from this point on. The oscillator is set at various
frequencies, the outgoing level checked with the
volume indicator across it, and similar readings
taken at the receiving end. A curve of received
level against frequency may thus be secured for
a given setting of the equalizer. If the equalizer
is omitted, and the transmitted level remains
constant, such a curve will show the line attenuation characteristic, which is a curve descending
with frequency. The object of the equalizer being
to correct this loss of the higher frequencies, a
number of frequency runs may be taken, until
a horizontal curve of received level is secured.
The line is then equalized. Communication between the two terminals may be maintained over
the line by telephone or telegraph in the intervals between readings, or over a separate pair.
Of course before an attempt is made to take a
frequency characteristic of a line, or to set the
equalizer for a flat characteristic, the usual d.c.
wire chief's tests are made for defects like open
circuits or grounds. Nothing in the way of audiofrequency testing can be accomplished until such
faults have been eliminated.
HOW NOT TO DO IT
CTG. 3 shows a method of taking line fre1 quency runs which is illegitimate. I have
seen it used, and so mention it here with the
caution that results so secured will usually be
misleading. The oscillator, with the volume indicator bridged across it, is connected across a
500-ohm resistance and the level is read. The
output of the oscillator is then switched to a
line, the equalizer being at the other end. In
this way a frequency run is made and the line
is thought to be equalized. Actually, as the
impedance of the line varies with the frequency,
the output of the oscillator will also vary with
frequency and the result of the experiment will
merely be to show how the oscillator behaves
with a variable impedance connected across its
terminals.
Sometimes it is convenient to send out tone
on a line using the regular broadcast amplifier
set-up. For example, in chain operation it is a
sound precaution to transmit tones at a number
of important frequencies before a program.
The network stations take level readings at the
various frequencies transmitted, which may be

BROADCASTER
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500 ohms

FIG. 3

Equalizer

amplitude compared with the transmission of
the mean speech frequency (1000 cycles), or in
TU, the horizontal axis representing frequency.
43
The thermo-galvanometers in such a set-up
as that shown in Fig. 5 must necessarily have
the right full-scale reading for the circuits under
measurement. The required capacity can readily
be calculated, since the output of the oscillator,
the amplification of the audio system, and therefore the alternating voltage developed by the
modulators, will all be approximately known.
Where there is any doubt a large instrument is
first used, until one of the right sensitiveness
and current-carrying capacity is found. As the
output measurements are made across the full
plate voltage the engineer who works on this
end must take the usual precautions against
accidental contact with the high-tension portions of the equipment.

100, 1000, and 5000 cycles, and telegraph them
back as a check on the condition of the lines.
Any irregularity will show up in these readings
and necessary changes in routing of circuits,
adjustment of terminal apparatus, etc., may be
made before the program begins. Fig. 4, from the
input of the three-stage amplifier, is the usual setup for broadcasting. The input to the first amplifier would normally be a microphone. For the
microphone there has been substituted the audio
oscillator, a repeating coil, and a variable at- Radio Folk You Should Know
tenuation network, which can be adjusted to any
loss up to 30 TU. By means of this pad the
4. E. B. Pillsbury
level of the outgoing tone may be made the
IF
THERE
is a communication man in the
same as that normally used during broadcast''United
States
it is Edward Butler Pillsbury,
ing — usually around zero level (12 milliwatts on
the Vice President and General Manager, as
peaks,
or
about
5
milliamperes
into
a
500-ohm
circuit).
well as a Director, of the Radio Real Estate
Corporation of America, the holding company
In the December, 1924, issue of the Proceedings
of the Institute of Radio Engineers, Mr. Julius for the realty properties of the R. C. A. Mr.
Pillsbury has spent his entire career in telegWeinberger showed a means of taking the audioraphy, starting as a messenger, working ten years
frequency characteristic of the modulation system of a radio station. The diagram is repro- as a Western Union operator, followed by many
duced, with some slight modifications, in Fig. years in the service of the Postal Telegraph2 - Stage first as Chief Operator in Bos5 herewith. The audio oscillator in this case Cable Company,
3 - Stage
Pad
Variable
Audio
Audio
10 Tu
10PadTu
Pad
Audio
Oscillator
Repeating
Repeating
Amplifier FIG. 4
Amplifier
Coil
Coil
feeds into a 500-ohm resistance, matching its ton, then advancing to the grades of local Manager in that city, Assistant Superintendent,
normal output impedance. A thermo-galvanometer in series measures the a.c. emitted by the District Superintendent for New England, and
oscillator. A portion of the voltage across the finally General Superintendent of the Eastern
Division of the company, with jurisdiction over
500-ohm resistor is fed into the line amplifier
of the station with enough added resistance on the lines and offices in thirteen states from his
headquarters in New York. This position
either side to maintain the 500-ohm impedance.
Mr. Pillsbury held for six years, until he reThe tone passes through the entire audio-frequency system and the level is measured at the
signed to take up radio work as General Superintendent of the Transoceanic Division of the
output of the modulators. A fixed condenser of
Marconi Wireless Telegraph Company of Amer5-mfd. capacity blocks the direct plate voltage
ica, and later for the Radio Corporation. In
and allows only the audio component to affect
the measurement circuits. The lower terminal
1922 he was elected to his present office.
While serving as an operator Mr. Pillsbury
of the condenser is connected to ground through
a resistance of the order of 20,000 ohms, which
was renowned as an expert Morse man. He was
is so high that the characteristics of the trans- among the first chief operators to adopt the practice of using the Wheatstone bridge method of
mitter will be unaffected by the addition of
locating faults on telegraph lines.
the measuring circuit. A relatively small portion
of the audio voltage across the resistor is tapped
Anyone else who has seen all he has of the
off for the thermo-galvanometer. A radio- communication business and of life would be
frequency trap is usually required to keep r.f. writing his memoirs. But when Mr. Pillsbury
out of the galvanometer circuit. The current
was asked to supply information for this bioreadings of the input and output galvanometers
graphical sketch he replied plaintively. " I rewill now give the transmission characteristics
gret to say that no interesting anecdotes or exof the modulation system at any frequency
periences haveGod
come that
my the
way."
Press is
agents
should thank
country
not
within the compass of the oscillator. The curve
may be drawn with ordinates of percentage of crowded with Edward Butler Pillsburys.
500.. jj;
ohms \ 150 ohms Audio
Audio
200 ohms
Modulator
Oscillator
Amplifier

FIG. 5
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The Thordarson Z-Coupler,
a special audio impedance
coupler for use with screen
grid tubes; price each, $12.

Screen grid audio amplification, most
revolutionary development in audio
systems since the introduction of the
power tube, is now an established fact.
The Thordarson Z-Coupler is a special
audio coupling device designed for use
with the screen grid tube UX-222.
With the remarkable amplification
thus obtained a mere whisper from the
detector is stepped up to a point that
gives the power tube all it can handle
in the way of signal voltage. In fact,
one stage Z- Coup led audio has the am-^
plification equivalent of two, or even
three, stages of ordinary coupling. Signals barely audible before may now be
heard at normal room volume.

In tone quality, too, the Z-Coupler is
unexcelled. Despite the high amplification the tonal reproduction is as
nearly perfect as any audio amplifier
yet developed. Both high and low
notes come through with the same vol
ume increase. Even at 60 cycles the
amplification is over 95% of maximum
Regardless of the type of your receiver
you can vastly improve its perform
ance by including this new system of
amplification. The Z-Coupler replaces
the second audio transformer, with
very few changes in the wiring. The
screen grid tube is used in the first
audio stage. No shielding is required.
<3v Complete,
information
THORDARSON ELECTRIC MFG. CO.
Huron and :Kingsbury Sts., Chicago, 111.
Gentlemen
Without obligation on my part, please send
me complete information on screen grid audio
amplifiers using your new Z-Coupler. (357S-J)

18

RADIO

BROADCAST

ADVERTISER

SHEETS
THE Radio Broadcast Laboratory Information Sheets are a regular feature of this
magazine and have appeared since our June, 1926, issue. They cover a wide range
of information of value to the experimenter and to the technical radio man. It is not our
purpose always to include new information but to present concise and accurate facts in
the most convenient form. The sheets are arranged so that they may be cut from the
magazine and preserved for constant reference, and we suggest that each sheet be cut out
with a razor blade and pasted on 4" x 6" filing cards, or in a notebook. The cards should
be arranged in numerical order. In July, 1927, an index to all Sheets appearing up to
that time was printed. This month we print an index covering the sheets published from
August, 1927, to May, 1928, inclusive.
All of the 1926 issues of Radio Broadcast are out of print. A complete
set of Sheets, Nos. 1 to 88, can be secured from the Circulation Department,
Doubleday, Doran & Company, Inc., Garden City, New York, for $1.00. Some readers
have asked what provision is made to rectify possible errors in these Sheets. In the unfortunate event that any serious errors do occur, a new Laboratory Sheet with the old
number will appear
— The Editor.
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Tube Overloading

hrit use old
or InferiorTubes
with

New

Use

ones

new

Jf^ RADIO

EFFECT OF INCORRECT VOLTAGES
TOURING recent years many familiar types of
radio tubes have played the role of "Jack of
all
trades,"
and under
as a result
have never
frequently
placed
in service
conditions
intendedbeenor
contemplated by the manufacturer.
What sulting iconstitutes
"overload"
a tube,that
renshortened life?
It might beonimagined
the
last
tube
in
a
receiver
tuned-in
on
a
strong
local
station, and with the volume turned up beyond the
point where the music sounds clear, would fall
under this classification, but this is not the case.
This is a form of overloading, but one which only
results in distorted music, and in general the tube is
not affected at all. A severe overload permanently
affecting the tube occurs, however, when the manufacturer's specifications as regards filament, plate,
and grid voltages are disregarded and higher voltages are used.
One oftration the
affordsrecommended
a good illusofthis popular
condition.tubeThetypes
voltages
for type 201-A tubes are a filament voltage of 5.0

^TUBES>
No. 186

throughout
and
modern

volts, and plate voltages of 90 to 135 volts, with the
grid biastively. Ifthe
specified
as of-4.54.5 and
volts respec-at
grid bias
volts-9.0
recommended
90 volts is omitted it is equivalent to adding about
35 volts to the plate voltage, or in other words, is
equivalent to operation of the tube at 125 volts
with — 4.5 volts bias. The overload is, of course,
correspondingly more severe if the plate58%voltage is
raised. This is clearly shown in the table below :
Plate
Grid Current
Extent
MA.
240% of
90
Volts
Volts
Overload
9.0
135
2.0
4.5
90
maximum
2.5 BelowNormal
120
0
6.0
0
9.8
135
0
12.0
The overload
201-A type
is capable than
of 380';
withstanding
some
moretubesuccessfully
other types
ofvoltage.
tubes, but as a general rule it is always advisable
to follow the manufacturer's ratings regarding tube

enjoy
radio

reception

at

its best

E. T. Cunningham, inc.
;. New York Chicago .•;
j:). San Francisco
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The UX-250
A NEW POWER AMPLIFIER
THE
ux-250
the latestto tube
designed
for use
as a(cx-350)
power isamplifier
supply
large
amounts of undistorted power for the operation of
loud speakers. The large output obtainable from
this tube prevents any possibility of overloading
of the last stage of an audio amplifier.
The filament rating is 7.5 volts, 1.25 amperes.
The material used in the filament is the rugged
coated ribbon form, similar to that used in the UX280 (cx-380) rectifier, the filament operating at a
dull red. The filament current may be supplied from
the 7.5-volt winding of a power transformer. The
low operating temperature and the increased size

, 1928
and CX-350
of this type of filament results in minimum ripple
It should be noted that, although the filament
and plateor "hum."
voltages are the same as those for the
voltage
ux-210 (cx-310) tube, the plate current is 55 milliamperes at a plate voltage of 400 volts whereas under similar conditions, the plate current of the ux210
(CX-310)
is only
18 milliamperes.
The gridof
voltages
for these
two tubes,
at a plate voltage
400 volts, are respectively - 70 and -31.5. the larger
voltage being necessary on the ux-250 (cx-350)
tube. Because of the higher plate current and grid
bias required by this new tube it cannot always be
used to replace the ux-210 (cx-310) tube without
changing the circuit.
Maximum
Recommended
250 300 350 400 450 Volts
84 Milliamp.
Volt
54
63 55
70
55
2845
35 45
1800 Ohms
2100 "2000 1900 1800 2100
Micromhos
1800 1900 2000 2100
3.8 3.8 3.8 3.8 3.8
900 1500 2350 3250 4650 Milliwatts

Plate Voltage
Negative
Grid Bias
Plate Current
Plate Resistance (a.c.)
Mutual Conductance
VoltageUndistorted
Amplification
Max.
PowerFactor
Output
Filament 7.5 Volts 1 . 25 Amperes
Max. Overall Height
Diameterux 2(cx)
\\"
Base:
Large 6}"
Standard
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ARBORPHONE
Cle-Ra-Tone

^

Sockets

For Standard UX Type
Tubes. For quick and
ea
position
of the tube and
0^ the
prongs.
A new Five Prong Socket
^forEspecially
A. C. Detector
Tubes.
designed
for
■*
heavy current -carrying
capacity
for
these
new
tubes.

RADIO

et
Sock
n
atio

Lamp
Oper

ACYou can tell immediately into what socket each tube
should go. No more mistakes, hesitation or confusion.
Improves the appearance of the set.
Cle-Ra-Tone Sockets are spring supported to absorb
the shocks that distort tonal qualities. The tube
"floats"
on four
tempered springs,
which absorb
shocks and
jars finely
from slamming
doors, passing
traffic
and other disturbances caused by outside vibrations.
One-piece terminal to tube connection. Positive contacts. Knurled nuts for binding post connections or
handy lugs for soldering.
Cle-Ra-Tone Sockets have been chosen for practically
every prominent circuit for several years.
At All Radio Jobbers and Dealers
Benjamin Electric Mfg. Co.
120-128 So. Sangamon St., Chicago
247NewW. York
17th St.
448 Bryant
St. ^**j
San
Francisco

~W

r

More
POWER

From

Your

n

Eliminator

If your Raytheon
eliminator will
not hold its volt'
tage when supplying one or
two 171 or 371
tubes, you can
probably bring
it back to full voltage by the addition of an Aerovox Condenser as
shown. Here is the circuit. The
Condenser is a 4 Mfd. type 402.
nren
\\ t',./>< <35.....^
^-j*
The fulAerovox
"Researchinformation.
Worker" contains
much useand interesting
A postcard
will
put your name on the mailing list.
EROWL
78 WASHINGTON ST.
BROOKLYN, N. Y.

J£oftin-White Circuit and Other Exclusive Features
For those in whom the pride of ownership is strong, for
those who instinctively choose the best, the Model 35 AC
Arborphone Radio is a revelation. C[ A revelation in exact
reproduction of broadcast programs, in the depth and
SEVEN TUBES
range of tone that produce such fidelity, in engineering
SINGLE DIAL design and conscientious workmanship. Q It is available
CONTROL
in a variety of cabinet and console styles. Q The famous
NO BATTERIES
Loftin -White circuit as perfected in the new Arborphone
NO ACIDS
is described in a 24-page booklet. It is yours upon request.
CONSOLIDATED RADIO CORPORATION
NO LIQUIDS
oArborphone Division
ANN ARBOR, MICHIGAN
Licensed under RCA and Loftin -White patents
.00, saving
Why not subscribe to Radio B -oadcast? By the year only $4.00; or two years
$2.00. Send direct to Doubleday, Doran & Co., Inc., Garden City, New York.

Whatever
Favorite

Your
Circuit

Use
HAMMARLUND

HAMMARLUND
' 'Midline ' '
CONDENSER
Soldered brass plates with tie-bars;
warpless aluminum alloy frame;
ball bearings; bronze clock-spring
pigtail; full-floating, removable
rotor shaft permits direct tandem
coupling to other condensers.
Made in all standard capacities
and accurately matched.
Write for Folder
HAMMARLUND MFG. CO.
424-438 W. 33rd St.
New-York

PARTS

The "Midline " is but one of many Hammarlund models, designed to fit your exact condenser requirements.
Single (in all standard capacities for long and
short waves); multiple; double-spaced models
for transmitting; the famous "Hammarlund
Jr." denser—
Midget;
andlarger
the than
tiny aequalizing
connot much
postage stamp,
but Hammarlund quality clear through.
The designers of most of the season's featured
circuits officially specify one or more Hammarlund products. You, too, should take a tip from
the experts and use —

tLtttcA. Rooiio-ammarlund
,^3o*uPRECISION
PRODUCTS
DCOZ3COOD=

50

RADIO
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TYPE
HOW TO CALCULATE BIAS

Reg. U. S. Pat. TAT
Off.
clAROS
THE ideal control for volume and tone
of your loud-speaker, from soft, soothing background for conversation, reading,
dining,
resting,
or dozing,
loud, crisp,
snappy'phoning
entertainment
for cen-to
ter of interest. And it's always at your
finger tips — on the end table, easy-chair
arm, dining table, davenport, sick-room
table, telephone stand — anywhere for remote control of radio entertainment.
Handsomely finished in statuary bronze
and nickel. Felt bottom to protect finest
furniture. Bakelite knob. Twocordswith
tips and connector block for applying to
battery or. socket-power set, without
tools, skill, time or trouble. Learn the
new joys of controlled radio! And all
for $2.50! !
Ask your radio dealer to shoiv you the Table
Type Clarostat and give you copy of "Radio
Etiquette''''.
write us direct
interesting
data Or
on improving
your forradio.
American Mechanical Laboratories
Incorporated
Specialists in Variable Resistors
285-7 N. Sixth St., Brooklyn, N, Y.

'"PHIS
Laboratory
Information
Sheetandgiveshowsomeit
information
regarding
grid bias
depends
upon
the
voltage
of
the
batteryof and
the manner in which the filamentgridcircuit
the
tube is wired.
The bias voltage on the grid of a tube is always
specified with respect to the negative end of the
filament. In drawing A of the diagram on Sheet
No. 188, the grid voltage is zero.
In drawing B, the filament resistance R has been
placed in the negative leg of the filament, and since
the drop across this resistance is 1.0 volt, the grid
bias is also —1.0 volt.
In drawing
C, a so4^-volt
has isbeen
duced in the circuit
that thebattery
grid bias
now introequal
to the voltage of this battery plus the voltage drop

No. 188

across the resistance R. The bias is therefore — 4i
plus -1.0 or — 5? volts.
positive grid
of +6.0in volts
is obtained
theA resistance
R isbias
connected
the positive
leg ofif
the filament and the grid return is connected to the
+A terminal of the battery. See sketch D. If the
grid return was connected to the other leg of the
resistance, the grid bias would be equal to the voltage drop in the filament or +5.0 volts.
A variable grid bias from —1.0 to +5.0 volts can
be obtained by means of the potentiometer P in
drawing E. With the potentiometer at the extreme
left-hand position, the bias is — 1.0 volt (due to the
voltage drop in R) and with the arm moved over
volts.
to the, extreme right-hand position the bias is +5.0
From the information given in this Sheet it
should be possible to determine the grid bias with
any circuit arrangement.

Radio Broadcast Laboratory Information Sheet
, 192*

(A)

Grid Bias Calculations
(c)
<B>
(D)

- +
,1

oAo

6 0
A

Laboratoiy Sheet No. 187 explains these five circuit arrangements. Determination ofthe grid bias of any circuit arrangement is a simple matter
once the information contained on these sheets is mastered

A+

BEACH
RAYFOTO
JRE3LAST
Used

Exclusively
in the

C00LEY
Rayfoto Receiver
Approvedby
A.G.COOLEY
For Further Information Address
L.S.BRACH
MFG. CORP
ENGINEERS AND MANUFACTURERS
NEWARK. N J U.S.A.
TORONTO. CAN.

No. 189
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The A. C. "Universal" Receiver
L5 — R.F. choke coil, made by winding 400 turns
PARTS required
of Ti,
No. T228— wire
\" dowel.
Two onaudio-frequency
transformers.
T ABORATORY Sheet No. 190 gives the circuit
Ri — Fixed resistance, 1000 ohms.
of
the
"
Universal
"
receiver
wired
for
a.c.
tubes.
R2, R3, R4 — Center-tapped resistances for a.c.
operation. The d.c. receiver was described in the
December, 1926, Radio Buoadcast and the circuit
Rs — Fixed resistance, 2000 ohms.
of the d.c. receiver was also given on Laboratory
Rb — Grid leak, 2 megohms.
Sheet No. 100, June, 1927. The a.c. circuit is published inresponse to many requests from readers.
Cs,
— Bypass
condensers,
1-mfd.
C; — Cr,Grid
condenser,
0.00025-mfd.
Cs
— Ou'.but
Output choke,
condenser,
200 volts, 4-mfd.
Li — Antenna coil consisting of 13 turns of No. 26
he
—
60
henries.
d.s.c. wire wound at one end of a 2f-inch tube.
VTi, VT3— 226 type a.c. tubes.
— Secondary
coil consisting
No.
VTs—
26 L2d.s.c.
wire wound
on the sameof 50
tubeturns
as Li.of The
VTi — 227
171 type
type a.c.
tube. tube.
separation between Li and L> should be \ inch.
Three standard four-prong sockets.
La — Primary
One
five-prong
Binding
posts. socket.
manner
as Li andof interstage
tapped atcoilthe constructed
exact center.in same
C bias
for R5.
the tubes is obtained from resistLiner—as L?Secondary
winding
constructed
in
same
manances
Ri
and
and tapped at point A, the 15th turn from
The 227 type detector tube requires about 30
that end as L4 which is nearest to L3.
seconds to heat up and begin functioning and thereCi, Oi — Two 0.0005-mfd. variable condensers.
fore about this length of time must lapse between
the time the power is turned on and the set begins
mfd.Cs — Neutralizing condenser, variable, 0.000015
toneutralized.
operate. The receiver must, of course, be carefully
Ci — Regeneration condenser, 0.00005 mfd.

RADIO
No. 190
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I0NGAN>
IQUALITY
Announcing

Loud
L6oi Speakef
A revised arrangement ofthe
well-known
"Universal" circuit
vides forwhich
the prouse
of ax. tubes. It is
fully described
on Laboratory
Sheet No. 189

Filter

With the acquisition of
the business and equipment of the Electrical
Specialties Mfg. Company,
Inc., Dongan now offers
the manufacturers of radio receivers a line of fixed
condensers comparable in
quality and ingenuity of
design to Dongan Radio
Transformers.

To B Power Unit
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Index
August, 1927, to May. 1928
Sheet
Number
166
Acoustics
120
A Battery Chargers
Audio Amplifier:
A.C. Operated
148.149
Frequency and load characteristic 118
165
General considerations
131.132
Resistance-Coupled
Transformer Ratio, Effect of
179
138
Capacity, The Unit of
Carrier Telephony
136
120
Chargers, A Battery
119
Choke
Coils,Reactance
Radio-Frequency
Condenser
126,127
153
Constant Frequency Stations
135
Coupled Circuits
168
Ear, Characteristics of the
178
Exponential Horn, The
160
Fading
Filter Choke Coils
175
Filter Condensers
182
147
Gain, R. F. Amplifiers

No. 192

and
Type

Condensers

To Filament Lighting
Transformer

No. 191

By-Pass

[products 1
Dongan

Month
February
August
December
August
February
October
April
November
October
August
August
September
January
October
February
April
January
March
April
December

Sheet May
Number
Month
Glow Tubes:
October
How they function
173
129 March
GridWhyBiasthey are used
187 March
Calculating Its Value
174
Why Antenna
It Is Used
Hertz
121 September
130 October
Honeycomb
Coils, Data on
Inductive Reactance
139,140 November
Loud
Speakers: Type
May
Exponential
134 October
December
145 February
General Considerations
Modulated Oscillator
150
Morse Code
125
164 September
December
Oscillation Control
113 August
Output Devices
185
Overloading, Effect on Tube
Power Supply Devices:
Calculation
of various volt133
142 November
Care of
ages
October
Characteristics
at
various
voltages
146 December
128
Desirable Characteristics
September
Transformer Voltages, Effect of
180 April
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Mr. C. Ringwald, an authority on condenser design and construction,
will direct the condenser
division of the Dongan
radio line.
Just as Dongan has pioneered intransformer development, so will the
Dongan laboratories strive
to maintain front rank in
fixed condenser design.
Thus the radio industry
is assured additional permanency in the approved
parts
field.will continue its
Dongan
policy as an exclusive
source to set manufacturers
— another Transformer Success
To meet the increased capacity
of the new UX 250 power amplifier tube, Dongan engineers have
perfected two new Output Transformers. No. 1176 is Push Pull
type, No. type.
1177 a straight power
amplifier
A Popular A C Transformer
No. 6513

Index (Continued)
August, 1927. to May, 1928
Sheet
Number
119
Radio-Frequency
Choke Coils
181
R. F. vs. A. F. Amplification
122
Receivers, Testing of
163
Resonant Circuits
167
158,159
Roberts Reflex, The
170
Selectivity
170
Sensitivity
Single-Control Receiver,
151
Boosting Sensitivity of
Solenoid Coil Data
143
Speech:
Articulation
177
152
Sources of Information on
153
Standard Frequency Stations
Static
116
Super-heterodyne, The
117
Transmission Unit, The
114
145

Month
August
April
September
February
February
January
March
March
December
November
April
December
January
August
August
August
December

Tubes:
Alternating-Current Types
Comparison of 112 and 171
210
Comparison
of 112, 171, and
Effect
of
plate
circuit on grid
circuit
Parallel Operation
171
112-A
222
171-A
280 and 281
250
Tuning, Effect of Distributed
Capacity on
"Universal" Receiver, A. C.
Operation of
Wavelength-Frequency
Conversion
Wavemeter,
A
Simple
Wave Traps

Sheet
Number
17.1 Month
141 November
March
February
161,162
176 March
137 November
May
123,124 September
154 January
January
154
183 March
169
May
186 April
184
189,190
156,157
172
155
115

April
January
March
January
August

This is one of the best-liked A C transformers on the market. It is designed
to operate with 4 UX 226, 1 UY 227 and
1Mounted
UX 171 substantially
power amplifier
tubes.
in crystallized
lacquered case, equipped with lamp
cord
and forplugcontrol
outletswitch.
for B-eliminator
also tap
$5.75.
Set Manufacturers
and Custom Set Builders
will be furnished formation
with
any desired inand engineering
data on request
DONGAN ELECTRIC MFG. CO.
2991-3001 Franklin St., Detroit, Michigan

52

RADIO
Model
528

BROADCAST

ADVERTISER

/TlHE
list below radio
has just
been toreleased
the Navy
Department,
service,
Radio byBroadcast.
It includes the press, weather hydrographic, and time
signals transmitted by United States Naval Stations
throughout the world. This list supersedes that appearing on page 514 of this magazine for March, 1927.
The material in columns three and four below is of especial interest. The abbreviations employed and their
meaning follows: "i.c.w." interrupted continuous wave;
"c.w.," continuous wave; "a.c.w.," raw a.c. These transTime
Civil)
(Greenwich
0000
0045
0100
0115

Station
Brownsville, Tex.
San Juan, P. R.
Norfolk, Va.
Puget Sound, Wash.
Arlington, Va.

Volts

0130

for Testing A. C. Receivers

0200

Eureka,
Norfolk, Calif.
Va.
Cavite, P. I.
Guantanamo Bay, Cuba.
San Juan, P. R.

0255 to 0300

Arlington, Va.

Three

Ranges

1 50/8/4

For checking up supply and t ube voltages — ■
a small, compact and portable instrument of
highest quality and electrical performance, yet
moderate in price. Open scales, responsive and
excellently damped. At all dealers or write to :—
WESTON ELECTRICAL INSTRUMENT CORP.
604 Frelinghuysen Ave.
Newark, N. J.

Annapolis, Md.
^aviie, i . l.
0300

WESTON
RADIO
INSTRUMENTS
Jenkins
Condenser

& Adair
Transmitter

Cavite, P. I.
0305
0330
0355 to 0400
0400

0430
0500
0555 to 0600
0600
0630
0700
For Broadcasting, Phonograph
Recording, and
Power Speaking Systems
THIS transmitter is a small condenser which
varies its capacity at voice frequency, and
is coupledfication,
direct
a single
stage of amplicontainedinto
in the
cast aluminum
case.
The output, reduced to 200 ohms, couples
to the usual input amplifier. The complete
transmitter may be mounted on the regulation
microphone stand. It operates on 180 v. B and
6 or 12 v. A battery.
This transmitter contains no carbon, and is
entirely free from background noise. Its yearly
upkeep is practically nothing. It is extremely
rugged, and will withstand hard usage.
Price, complete with 20 ft. shielded cable,
$225.00 F.O.B. Chicago.
J. E. JENKINS & S. E. ADAIR, Engineers
1500 N. Dearborn Parkway,
Chicago, U. S. A.
Send for our bulletins on Broadcasting
Equipment

Arlington, Va.

Key West, Fla.
Puget Sound, Wash.
Navy Yard, Wash. D. C.
San Francisco, Calif.
Tutuila, Samoa
Balboa,
Colon, C.C. Z.Z.
Arlington, Va.
Great Lakes, III.
Puget Sound, Wash.
San Juan, P. R.
Astoria, Oreg.
San Diego, Calif.
Brownsville, Tex.
San Francisco, Calif.
San Francisco, Calif.
Honolulu, T. H.

mis ions are of vital importance to all marine and shore
station operators. Other readers who are interested in
listening to these signals should employ a simple regenerative circuit with a long antenna. A satisfactory
receiver for this purpose wa$ described on Radio
Broadcast Laboratory Information Sheet No. 19,
August
1926.page
Also, the article,
Portable Long- Wave
Receiver,"
Radio "ABroadcast,
1927,
describes
a receiver166,especially
designed for July
long-wave
reception.

Call Sign
NAY
NAU
NAM
NPC
NAA
NPW
NAM
NPO
NAW
NAU
NAA
NSS
NPO
NAA
NPO
NAR
NPC
NAA
NPG
NPU
NBA
NAX
NAA
NAJ
NPC
NAU
NPE
NPL
NAY
NPG

Frequency in
kc/s
Type
of and
Emission
132 i. c. w.
48 c.w.

Weather.
Weather (1 July to 15
November).

122 c.w.
i.c.w.
118

Weather
Weather.

4015 i.c.w.

Aviation iceather and
upper air reports.
Weather, hydrographic.
Weather.
Press.
Weather (1 June to 15
November).
Weather (1 July to 15
November).

104 i.c.w.
i.c.w.
122
56
118 c.w.
i.c.w.& 112 i.c.w.
106 i.c.w.
112 i.c.w.
690
4015 i.c.w.
8030
i.c.w.
12045
17.6 aw.Law.
56 c.w.
112 i.c.w.
36 c.w.
112 i.c.w.
56112 c.w.
i.c.w.
102 i.c.w.
118 c.w.
690 voice
42.8 c.w.
i.c.w.
66108 c.w.
46 c.w.
132 i.c.w.
4015 i.c.w.
132 i.c.w.
c.w.
48118 c.w.
112 i.c.w.
102 i.c.w.
132 i.c.w.
42.8 c.w.
62 c.w.
108 i.c.w.

NPG
NPM
NSS
NAA
NPU
NBA
NBA
NAX

108 i.c.w.
54 a.c.w.
17.6 c.w.
112 i.c.w.
66 c.w.
46 c.w.
118
132 c.w.
i.c.w.
30.6 c.w.

NPL
NPC
NAA

118 c.w.
4015
i.c.w.
8030
12045 i.c.w.
i.c.w.
122 i.c.w.

0730
1000

Annapolis, Md.
Arlington, Va.
Tutuila, Samoa
Balboa, C. Z.
Balboa, C. Z.
Colon, C. Z.
San Diego, Calif.

1300
1315

Puget Sound, Wash.
Arlington, Va.

1330
1355 to 1400

Norfolk, Va.
Cavite, P. I.

NAM
NPO

1400

Cavite, P. I.

NPO

1500

Arlington, Va.

NAA
NAA

1505

Arlington, Va.

Material Broadcast

56112 c.w.
i.c.w.
56 c.w.
112 i.c.w.
112
16060i.c.w.
Law.
690 voice

Time Signals.
Time Signals.
T ime Signals.
Marine Weather folloiced
season)
ings .and ice reports
(in
by
Navigational
WarnWeather, hydrographic.
Weather, hydrographic .
Hydrographic.
Weather.
Weather, hydrographic.
Hydrographic.
Time Signals.
Time Signals.
Europe.
Weather broadcast to
Weather,
Weather. hydrographic.
H eather.
Hydrographic.
Weather.
Weather.
Time Signals.
Weather, hydrographic.
Weather, hydrographic.
Press.
Press.
Hydrographic.
Press.
Press and hydrographic.
Press.
Hydrographic.
Weather.
Aviation weather and
upper air reports.
Weather.
Time Signals.
Weather, hydrographic.
Marine weather followea
by ice reports (in season) .
W eather.

RADIO
PRESS, WEATHER,

AND

BROADCAST

TIME

ADVERTISER

SIGNALS

Electrify Your
WITH THE

{Continued)
Time
(Greenwich
Civil)
1530
1545
1600

1630
1645
1655 to 1700

1700

1755 to 1800
1800
1830
1930
1955 to 2000

2045
2100
2130
2200

2230
2300
2330
2355 to 2400

Station

Call Sign

New York, N. V.
Charleston, S. C.
Philadelphia, Pa.
Great Lakes, 111.
Norfolk, Va.
Boston, Mass.
Newport, R. I.
Arlington, Va.
New Orleans, La.
San Juan, P. R.
Savannah, Ga.

NAH
NAO
NAJ
NAI
NAM
NAD
NAF
NAA
NAT
NAU
NAQ
NEV

Jupiter,
San Diego.Fla.Calif.
St. Augustine, Fla.
Pensacola, Fla.
Arlington, Va.

NPL
NAP
NAS
NAA

Annapolis,
Great
Lakes,Md.III.
Key
West,
New Orleans.Fla.La.
San Diego, Calif.

NAJ
NSS
NAR
NAT
NPL

Arlington,
Brownsv ille.Va.Tex.
Eureka Calif.
Key West, Fla.
Puget Sound, Wash.
San Francisco, Calif.
Balboa. C. Z.
Colon, C. Z.
Balboa, C. Z.
Honolulu, T. H.
Tutuila, Samoa
Astoria. Oreg.
Eureka, Calif.
San Francisco, Calif.
Arlington, Va.
Norfolk. Va.
Puget Sound, Wash.
Astoria, Oreg.
Boston. Mass.
Newport. R. I.
New York, N. Y.
Phila. Pa.
Annapolis,
Md.
Eureka. Calif.
Great Lakes, 111.
San Diego. Calif.
Honolulu, T. H.
Charleston. S. C.
Jupiter,
Pensacola,Fla.Fla.
Savannah, Ga.
Tutuila, Samoa
Honolulu, T. H.

NAA
NAY
NAR
NPW
NPC
NPG
NBA
NAX
NBA
NPM
NPU
NPE
NPG
NPW
NAA
NAM
NPC
NPE
NAD
NAF
NAH
NAI
NAJ
NSS
NPW
NPL
NPM
NAQ
NAO
NAS
NEV
NPU
NPM

Frequency in
kc/s
and Type
of Emission
108 i.c.w.
122 i.c.w.
104 i.c.w.
132 i.c.w.
122 i.c.w.
102 i.c.w.
118 i.c.w.
12045 i.c.w.
c.w.
48106 c.w.
132 i.c.w.
132 i.c.w.
102 i.c.w.
128 spark
112 i.c.w.
112 i.c.w.
690 i.c.w.
4015 i.c.w.
8030 i.c.w.
.12045 i.c.w.
17.6 c.w.
132 i.c.w.
102 i.c.w.
106 c.w.
30.6
c.w.
102 i.c.w.
112 i.c.w.
132 i.c.w.
104
i.c.w.
102 Lc!w.
118 c.w.
42.8 c.w.
46 c.w.
132 spark

»

Weather, hydrographic.
Weather, hydrographic.
Weather,
Weather,
Weather,
Weather,
Weather,
Weather
Europe.
Weather,
Weather.
Weather.
Weather.
Weather.
Weather.
Weather.

hydrographic.
hydrographic.
hydrographic.
hydrographic.
hydrographic.
broadcast to
hydrographic.

Time Signals.

MARATHON
J1CKIT
simple

as

a-b-c

Marathon AC Tubes
have the standard 4
prong
resistors.
adaptorsTJXor bases.
center No
tap
Replace
(jour old
Tubes
with
Marathon
ACTubes
The Marathon harness
is universal, and can be
used
in any
*'spades"
slip set.
over The
the
projections
on
the
tube
> thumb screws.
Connect the harness

Time
Time
Time
Time
Time

Signals.
Signals.
Signals.
Signals.
Signals.

Navigational
warnings.
Weather.
l eather, hvdrographic .
Weather, hydrographic.
Weather, hydrographic.
Weather, hydrographic.
Time
Signals.
Time Signals.

One end of the harness
connects with the
Marathon
former. Al tubssTransopervoltageare — no6
volts ate—on one
so there
taps. Simply into
plug the
the
Plug in the liqht socket transformer
- that's all there is to do light socket.
YOU CAN'T MAKE
COMPLICATED

IT

Hvdrographic.
Weather, hvdrographic .
66 c.w.
112 i.c.w.
104 i.c.w.
62 c.w.
108 c.w.
69042.8voice
c.w.'

Hydrographic.
Time
7 "i))i€ Signals.
Ststiols.
Time Signals.
Weather.

122 i.c.w.
118 c.w.
112 i.c.w.
102 i.c.w.
118 i.c.w.
108 i.c.w.
104 i.c.w.
17.6 c.w.
104 i.c.w.
132 i.c.w.
106 c w
102 i.c.w.
54 a.c.w.
122 i.c.w.
132 a.c.w.
112
132 i.c.w.
i.c.w.

Weather, hydrographic.
Weather, hydrographic.
Hydrographic.
Weather, hydrographic.
Weather, hydrographic.
Weather, hydrographic.
Weather, hydrographic.
Ice reports (in season).
Weather, hydrographic.
Hydrographic.
^Weather,
Weather. hvdrographic .

66 c.w.
26. i.c.w.
106 i.c.w.

Hydrographic.

A TIME CONVERSION
GREENWICH Mean Time was adopted
by the recent International Radio Telegraph Convention in Washington for use in
the Convention and regulations drawn up by
it. Greenwich Civil Time is used in the Navy
for navigation and that time is employed in
naval almanacs. The conversion table below
indicates the relation between G.C.T.. G.M.T..
and 75th Meridian Time. The latter is "Eastern Standard" Time and those living in other

Material Broadcast

Set

Weather, hvdrographic.
Weather,
Weather. hydrographic.
Weather.
Weather.
j Time signals.

Satisfaction
Guaranteed
No
need
to wonder
the Marathon
AC Kitif
will operate on your set
— we guarantee it. If
you
5, 6, 7 UX
or 8
tubehaveset a using
sockets and are now
tery (either dry cellBat-or
employing
storage' youan "A"
can use
the
Marathon
Kit —areperfectly,
Marathon AC ACTubes
guaran
teed for a year. If your deal
cannot supply you use the coupon below.
The Marathon AC Kit
is Complete
Nothing
else
to
buy
— everything
is complete. For example
the six
tube kit includes 6 Marathon AC Tubes — a universal harness — a 6 volt Transformer — a volume
control — and an instruction sheet. Anyone, no matDC terto howAC.ignorant of radio can change his set from
Jobbers — Dealers
Write or wire for our sales proposition. You can absolutely guarantee the operation of the Marathon
AC Kit.
NORTHERN
MFG. CO.
NEWARK, NEW JERSEY

TABLE

time belts can easily calculate the time to listen
for these transmissions in their own localitv.
75TH MERIDIAN
G.C.T.
G.M.T.
(Hours)
(Hours)
7.00 p.m.
0
12
1.00 p.m.
p.m.
6
18
7.00
12
0
9.00 p.m.
14
2
1.00 p.m.
18
6
24
5.00
p.m.
22
10
7.00 p.m.
12

Northern Manufacturing Co.,
376 Ogden St., Newark, N. J.
Send me AC
complete
Marathon
Kit. information on the
Jobber
Dealer
Professional Builder
User
(Please check your classification)
Name
Address
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New Aero Circuits
for Either Battery or A. C. Operation
Proper constants for A. C. operation of the Imand the
Aero Seven
studied proved
out,Aero-Dyne
and 6these
excellent
circuitshave
are been
now
adaptable to either A. C. or battery operation. A. C.
blue prints are packed in foundation units. They
may also be obtained by sending 25c for each direct
to the factory.

Aero Universal
Tuned Radio Frequency Kit
Especially designed for the Improved Aero-Dyne 6.
Kit consists of 4 twice-matched units. Adaptable to
201-A, log, 112, and the new 240 and A. C. Tubes.
Tuning range below 200 to above 550 meters.
Code No. U-16 (for .9005 Cond.)
$15.00
Code No. U-163 (for .00035 Cond.)
15.00

Aero Seven
Tuned Radio Frequency Kit
Especially designed for the Aero 7. Kit consists
of 3 twice-matched units. Coils are wound on Bakelite skeleton forms, assuring a gs per cent, air dielectric. Tuning range from below 200 to above 550
meters.
240 and A.Adaptable
C. Tubes. to 210-A, igg, 112, and the new
Code No. U-12 (for .0005 Cond.)
$12.00
Code No. U-123 (for .00035 Cond.)
12.00
You should be able to get any of the above
Aero Coils and parts from your dealer.
If he should be out of stock order
direct from the factory.
AERO PRODUCTS, INC.
1772 Wilson Ave. Dept. 109 Chicago, 111.

Flexible

A.

C.

Superheterodyne
An aristocrat of a famous family especially designed to meet the demands of that
select circle of set builders who desire the
finest in receiver construction with cost a
secondary consideration.
Complete detailed blueprints on this
unique combination of the best radio principles, $1.00 postpaid. All specified parts
supplied. Price list on request.
DANA ADAMS
222 East 52nd St.
N. Y. City
Western Office: 604 Davis St., Evanston, 111.

Radio
Convenience
Outlets
Wire your home for radio. These outlets fit any standard switch box. Full
instructions with each outlet.
No. 135— For Loud Speaker $1.00
No. 137 — For Battery Connections 2.50
No. 136— For Aerial and Ground 1.00
With Bakelite Plates
Now furnished with a rich satin brown Bakelite
plate, with beautiful markings to harmonize, at
25 cents extra. See Illustration.
At Your Dealers
Yaxley Mfg. Company
Dept. B, 9 So. Clinton St.
Chicago, 111.

BROADCAST

ADVERTISER

Manufacturers'

Booklets

A Varied List of Books Pertaining to Radio and Allied
Subjects Obtainable Free With the Accompanying Coupon
may obtain any of the booklets listed below by useR EADERS
ing the coupon printed on page 57. Order by number only.
1. Filament Control — Problems of filament supply,
voltage regulation, and effect on various circuits. Radiall
Company.
2.ties ofHard
and proper-on
hard Rubber
rubber asPanels
used in— Characteristics
radio, with suggestions
how to "work" it. B. F. Goodrich Rubber Company.
. 3. Transformers
— A booklet
giving Company.
data on input and
output
transformers. Pacent
Electric
5. Carborundum in Radio — A book giving pertinent
data on the crystal as used for detection, with hook-ups,
and a section giving information on the vse of resistors.
The Carborundum Company.
7. Transformer and Choke-Coupled Amplificadiagrams and discussion. All-American
Radiotion— Circuit
Corporation.
9.
Volume
Control
— A leaflet
showing
for
distortionless control
of volume.
Central
Radiocircuits
Laboratories.
10. Variable Resistance — As used in various circuits.
Central Radio Laboratories.
11. Resistance
and their
application to audio Coupling—
amplification,Resistors
with circuit
diagrams.
DeJur Products Company.
12. Distortion and What Causes It — Hook-ups of
resistance-coupled
Bradley Company.amplifiers with standard circuits. Allen15. tionsB-Eliminator
Power using
Amplifier
— Instrucfor assembly andandoperation
Raytheon
tube.
General Radio Company.
15a.tions fB-Eliminator
and Power
Instrucor assembly and operation
using Amplifier
an R. C. A.— rectifier.
General Radio Company.
16. tionsVariable
Condensers
— A description
funcand characteristics
of variable
condensers ofwiththe curves
and specifications for their application to complete receivers.
Allen D. Cardwell Manufacturing Company.
Bakelite
— A description
uses ofBakelite
bakelite
in 17.
radio,
its manufacture,
and ofitsvarious
properties.
Corporation.
20. Audio Amplification — A booklet containing data
on audio
amplificationRadio
together
with hints for the constructor. All American
Corporation.
21. High-Frequency Driver and Short-Wave Wavemeter
data and application. Burgess
Battery— Constructional
Company.
46. Audio-Frequency Chokes — A pamphlet showing
in the circuit
whereCompany.
audio-frequency chokes may
bepositions
used. Samson
Electric
47. Radio-Frequency Chokes — Circuit diagrams illustrating thdefinite
e use of chokes
keep Electric
out radio-frequency
currents from
points. to
Samson
Company.
48.
Transformer
and
Impedance
Data
giving
the mechanical and electrical characteristics —of Tables
transformers
and impedances, together with a short description of their
use in the circuit. Samson Electric Company.
49. Bypass
A description
of the
manufacture of bypassCondensers
and filter —condensers.
Leslie
F. Muter
Company.
50. Audio
Fifty questionsandwhich
often
asked
regardingManual
audio— amplification,
their areanswers.
Amertran Sales Company, Incorporated.
51. Short-Wave
— Constructional
datamayon bea
receiver
which, by theReceiver
substitution
of various coils,
made to tune from a frequency of 16,660 kc. (18 meters) to
1909 kc. (150 meters). Silver-Marshall, Incorporated.
52. Audio
Qualityof— various
A bookletkindsdealing
audio-frequency amplification
and with
the application
to well-known circuits. Silver-Marshall. Incorporated.
56. Variable Condensers — A bulletin giving an
analysis ofteristics.
various
condensers
together with their characGeneral Radio
Company.
57. Filter Data — Facts about the filtering of direct
currenttransmitters.
supplied byElectric
means ofSpecialty
motor-generator
with
Company.outfits used
59. Resistance Coupling — A booklet giving some
generaltion of resistors
informationto aoncircuit.
the subject
the applicaDavenof radio
Radio andCorporation
62. Radio-Frequency Amplification — Constructional
details of a five-tube leceiver using a special design of radiofrequency transformer. Camfield Radio Mfg Company.
63. Five-Tube
Receiver
— Constructional
data on
building
a receiver. Aero
Products,
Incorporated.
66. Super-Heterodyne — Constructional details of a
seven-tube set. G. C. Evans Company.
70. Improving
the transformers,
Audio Amplifier
Data diagram
on the
characteristics
of audio
with a—circuit
showing
where
chokes,
resistors,
and
condensers
can
be
used.
American Transformer Company.
72.out plan
Plate
Supply
System
—
A
wiring
diagram
and
layfor a plate supply system to be used with a power
amplifier.
Complete
directions
for
wiring
are
given.
Amertran Sales Company.
80. Five-Tube Receiver — Data are given for the construction of a five-tube tuned radio-frequency receiver.
Complete instructions, list of parts, circuit diagram, and
template are given. All-American Radio Corporation.
81. Better Tuning — A booklet giving much general information on the subject of radio reception with specific illustrations. PrimarilyManufacturing
for the non-technical
home constructor. Bremer-Tully
Company.
82. Six-Tube Receiver — A booklet containing photographs, instructions, and diagrams for building a six-tube
shielded receiver. Silver-Marshall, Incorporated.
83.
Socket
Device — A list
parts, diagrams,
and templates Power
for the construction
and ofassembly
of socket
power devices. J efferson Electric Manufacturing Company.
84. Five-Tube Equamatic — Panel layout, circuit diagrams, and instructions for building a five-tube receiver, together with data
on the design.
operationKaras
of tuned
radio-frequency
transformers
of special
Electric
Company.

85. Filter
Data circuits
on a high-capacity
condenser used in— filter
in connectionelectrolytic
with A socket
power
supply
units,
are
given
in
a
pamphlet.
The
Abox
Company.
86. Short-Wave Receiver — A booklet containing data
on a short-wave receiver as constructed for experimental
purposes. The Allen D. Cardwell Manufacturing
Corporation.
88.ing fullSuper-Heterodyne
— Aandbooklet
givinstructions, together Construction
with a blue print
necessary
data,
for
building
an
eight-tube
receiver.
The
George
W.
Walker Company.
89. Short-Wave Transmitter — Data and blue prints
are given on the construction of a short-wave transmitter,
together with operating instructions, methods of keying, and
other pertinent data. Radio Engineering Laboratories.
90. Impedance Amplification — The theory and practice
ofgiven.
a special
of dual-impedance
audio amplification are
AldentypeManufacturing
Company.
93.
B-Socket
Power
—
A
booklet
constructional
details of a socket-power device using giving
either the
BH or 313
type rectifier. National Company, Incorporated.
94 Power Amplifier — Constructional data and wiring
diagrams
of a power
amplifier
combined
with a B-supply
unit are given.
National
Company,
Incorporated.
100. A, B, and C Socket-Power Supply — A booklet
giving data on the construction and operation of a socket
powerQ. supply
using Company.
the new high-current rectifier tube.
The
R. S. Music
101.
Using
Chokes
— A showing
folder with
the more popular circuits
wherecircuit
chokediagrams
coils mayof
be placed to produce better results. Samson Electric
Company.
22. A Primer of Electricity — Fundamentals of
electricity with special reference to the application of dry
cells to radio and other uses. Constructional data on buzzers,
automatic
switches, alarms, etc. National Carbon Company.
23. Automatic Relay Connections — A data sheet
showingcuits.howYaxleya Manufacturing
relay may be usedCompany.
to control A and B cir26. Dry Cells for Transmitters— Actual tests
given, well illustrated with curves showing exactly what
may be expected of this type of B power. Burgess Battery
Company.
27. Dry-Cell Battery Capacities for Radio Trans— Characteristic
curves and data on discharge tests.
Burgess mit ersBattery
Company.
28. BonBattery
Life — Battery Burgess
life curvesBattery
with general
curves
tube characteristics.
Company.
30. Tube
Characteristics
—
A
data
sheet
giving
constants of tubes. C. E. Manufacturing Company.
32. Meters for Radio — A catalogue of meters used in
radio, with diagrams. Burton-Rogers Company.
33. Switchboard
and PortableandMeters
giving
dimensions, specifications,
shunts— Ausedbooklet
with
various meters. Burton-Rogers Company.
35. Storage
Operation
An illustrated
booklet
on the careBattery
and operation
of the— storage
battery.
General Lead Batteries Company.
36.
Charging
A
and
B
Batteries
—
Various
ways
connecting
batteries Company.
for charging purposes. Westing-of
house Unionup Battery
37.viceWhy
Is Better
Power — Ad-to
on whatRadio
dry cell
battery with
to use;Battery
their application
radio, with wiring diagrams. National Carbon Company.
53. Tube
Information
care beof
vacuum
tubes, Reactivator
with notes on— how
and when ontheytheshould
reactivated. The Sterling Manufacturing Company.
69.tics Vacuum
Tubestube— Atypes
booklet
characteris-of
of the various
with giving
a shortthedescription
where they may be used in the circuit. Radio Corporation of America.
Tubestubes.
— A booklet
for the beginner
who is interested
in 77.
vacuum
A non-technical
consideration
of the
various elements in the tube as well as their position in the
receiver. Cleartron Vacuum Tube Company.
87. Tube Tester — A complete description of how to
build and how to operate a tube tester. Burton-Rogers
Company.
Vacuum
Tubes types
— A booklet
characteristics
and91.uses
of various
of tubes.giving
Thisthebooklet
may be
obtained
in
English,
Spanish,
or
Portuguese.
DeForest
Radio Company.
92. Resistors for A. C. Operated Receivers — A
booklet giving circuit suggestions for building a. c. operated
receivers, together with a diagram of the circuit used with
the new 400-milliampere rectifier tube. Carter Radio
Company.
102. Radio Power Bulletins — Circuit diagrams, theory
constants,
trouble-shooting
hints for Manufacturing
units employing
the BH or and
B rectifier
tubes. Raytheon
Company.
103.istics of A.a new
C Tubes
— The Five
designcircuit
and operating
a. c. tube.
diagrams charactershow how
to convert vell-known circuits. Sovereign Electric &
Manufacturing Company.
41. Baby Radio Transmitter of 9XH-9EK — Description and circuit
of dry-cell operated transmitter.
Burgess
Batterydiagrams
Company.
42.
Arctic
Radio
Equipment
— Description
circuitin
details of short-wave receiver and
transmitterandused
Arctic exploration. Burgess Battery Company.
58. How
to Select
a Receiver
booklet
describing
what a radio
set is, and— Awhatcommonsense
you should
expect
fromit.
in
language
that
Day-Fan Electric Company. any one can understand.
Radio weather
— A veryandinteresting
booklet
on 67.
the Weather
relationshipforbetween
radio reception,
with
maps
and
data
on
forecasting
the
probable
results.
Taylor Instrument Companies.
(Continued on page 55)
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73. Radio Simplified — A non-technical booklet giving
pertinent data on various radio subjects. Of especial interest to the beginner and set owner. Crosley Radio Corporatin.•
76. Radio Instruments — A description of various
meters used in radio and electrical circuits together with a
short discussion
of their uses. Jewell Electrical Instrument Company.
78.
Electrical
Troubles
— A pamphlet
describing
the use of electrical testing
instruments
in automotive
work
combined with a description of the cadmium test for storage
batteries.
Of
interest
to
the
owner
of
storage
batteries.
Burton Rogers Company.
95.use Resistance
— Successive
the
of resistors
inDatavarious
parts ofbulletins
the radioregarding
circuit.
International
Resistance
Company.
96.
Vacuum
Tube
Testing
—
A
booklet
giving
pertinent
data on how to test vacuum tubes with special reference to
a tube testing unit. Jewell Electrical Instrument
Company.
Shieldingin —radio
A booklet
giving
on 98.
the Copper
use of shielding
receivers,
withinformation
notes and
diagrams showing how it may be applied practically. Of
special interest to the home constructor. The Copper and
Brass Research Association.
99. Radio
ConvenienceforOutlets
givingin
diagrams
and specifications
installing— Aloudfolder
speakers
various locations at some distance from the receiving set.
Yaxley Manufacturing Company.
Coils — Excellent
data onon six
a radio-frequency
coil
with105.constructional
information
broadcast receivers,
two
short-wave
receivers,
and
several
transmitting
circuits.
Aero Products Company.
106.transformer
Audio Transformer
on auseful
high-quality
audio
with circuits —forData
use. Also
data on
detector and amplifier tubes. Sangamo Electric Company.
107.
Vacuum
Tubes
—
Data
on
vacuum
tubes
with
facts about each. Ken-Rad Company.
108.
Vacuum
Tubes
—
Operating
characteristics
of
a.c. tube with curves and circuit diagram for connectionan
in converting various receivers to a.c. operation with a
four-prong a.c. tube. Arcturus Radio Company..
— Constructional
a 109.
six-tubeReceiver
receiver Construction
using restricted
field coils. data
Bodineon
Electric Company.
1 10. Receiver Construction — Circuit diagram and
constructional information for building a five-tube set
using restricted field coils. Bodine Electric Company.
the
care111.andStorage
operationBattery
of the Care
storage— Booklet
battery describing
in the home.
Marko Storage Battery Company.
112. Heavy-Duty Resistors — Circuit calculations and
data on receiving and transmitting resistances for a variety
of uses,tors fordiagrams
popularuse.
powerWard
supplyLeonard
circuits, Electric
d.c. resisbattery for
charging
Company.
1 13. Cone Loud Speakers — Technical and practical in(brmation on electro-dynamic and permanent magnet type
.one loud speakers. The Magna vox Company.
114. Tubemethods
Adapters
— Concise various
information
simplified
of including
powerconcerning
tubes in
existing receivers. Alden Manufacturing Company.
115.
What
Set
Shall
I
Build?
—
Descriptive
with illustrations, of fourteen popular receivers for thematter,
home
constructor. Herbert H. Frost, Incorporated.
104.
Oscillation
Control
with
the
"Phasatrol"
Circuit diagrams, details for connection in circuit, and—
specific
operatingdevice
suggestions
for using
the "Phasatrol"
as a balancing
to control
oscillation.
Electrad,
Incorporated.
116. Using a B Power Unit — A comprehensivj booklet detailing the use of a B power unit. Tables of voltages—
both B and C — are shown. There is a chapter on troubleshooting. Modern Electric Mfg. Co.
117. Best Results From Radio Tubes — The chapters
are entitled: "RadioTubes," "Power Tubes," "Super Detector Tubes," "A. C. Tubes," "Rectifier Tubes," and
"Installation." Gold Seal Electrical Co.
118.
Instruments.
"J" —forA descriptive
manual onRadio
the use
of measuringCircular
instruments
:very radio
circuit requirement. A complete listing of models for transmitters, receivers, set servicing, and power unit control.
Weston Electrical Instrument Corporation.
The New
LoftintheWhite
Circuitand— Aapplication
twenty-fourof
page119.booklet
explaining
principles
this popular circuit. Consolidated Radio Corporation.
120. The Research Worker — A monthly bulletin of interest to the home constructor. A typical feature article
describes
the construction
of a special audio amplifier —
Aerovox Wireless
Corporation.
121. FilterandCondensers
Some practical
on the
manufacture
use of filter— condensers.
The points
difference
between inductive and non-inductive condensers. Polyment
Mfg. Corp.
122. Radio Tubes — Specifications and operating characteristicnsinogfhvacuum
tubes. Twenty-four pages. E. T. Cunam, Inc.
123.tics,Band Supply
Devices
— Circuit diagrams, characterislist of parts
units. Electrad,
Inc. for nationally known power supply
124. Power
Amplifier andandB constructional
Supply — A booklet
giving
several
circuit arrangements
information
and a combined B supply and push-pull audio amplifier, the
latter using 2 1 o type tubes. Thordarson Electric M fg. Co.
125. A.
C. Tubea method
Operation
— A small
complete
booklet
describing
of filament
supply but
for a.c.
tubes.
Thordarson Electric Mfg. Co.
126. Micrometric Resistance — How to use resistances
for: Sensitivity control; oscillation control; volume control;
regeneration control; tone control; detector plate voltage
control; resistance and impedance coupling: loud speaker
control, etc. American Mechanical Laboratories.
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Samson

"Pam"

Amplifier

Type PAM 16 is
for all ordinary
types of loud
speakers,

Type
17 is
for andPAM
supplies
field current to
dynamic type
speakers.
Type PAM 16 or 17,
List Price $125.00 for 110 Volt, 50-60 Cycle A. C.

A COMPACT, self-contained, rugged, all electric, two stage audio amplifier
for radio console or table. Designed to meet Underwriters' and A. I. E. E.
standards. Compensation is made for line voltage variation. Approximate
undistorted power output 7 watts.
Due to the high standard of parts used in its manufacture, the question bf
service ends with its installation. Immediate deliveries can be made by your
jobber or dealer, or direct from us.
With the use of superlatives in radio advertising all too prevalent the best
guarantee of excellence in performance is the fact that Samson products have
been standard in the quality field since 1882.

General Offices: Canton, Mass.
Factories, Canton and Watertown, Mass.
Manufacturers since J 882

ALL

THE

LATEST

KITS

and PARTS

Send for 1928 WHOLESALE DEALERS* CATALOG
Greatest Discounts on All Standard Parts, Kits, Accessories and Equipment
Dealers, set builders, and agents, send for this catalog. You will
find complete parts and equipment for the latest circuits featured
in Radio Broadcast and other magazines — and at the lowest prices.
LATEST SHIELDED GRID and A. C. CIRCUITS
Complete stocks for the latest kits are always on hand. We are the largest exclusive Radio house and the largest distributors for nationally popular radio parts. The
following kits and hundreds of other circuits are featured in our catalog and ready for
instant shipment.
New Bremer-Tully Short Wave
Silver-Marshall Shielded Grid Six
Silver-Marshall Screen Grid Laboratory Super
Latest Browning-Drake
Silver-Marshall Hi- Volt
Tyrman Amplimax Seven
Silver-Marshall
Complete Stock Aero Parts
Remler InfradyneUnipacs and Pushpull Amplifiers
Hammarlund Hi-Q
Rem Jer Best Screen Grid Super
World's Record Super
Magnaf
ormer A-C Pushpull Amplifier
Latest Thordarson
Karas
A-C Equa ma Power
tit- Six
Silver-Marshall A-C Laboratory Super
New Bremer-Tully
THOUSANDS OF RADIO BARGAINS
Most complete stock of all parts — A-B Eliminators, Power units and loud speakers. AH the latest
developments in six, seven, and eight tube sets for A-C and D-C operation. We stock genuine
A-C sets, using 226 and 227 A-C tubes. You will be amazed at our wonderful selection of consoles and
cabinets.
HAMILTON-CARE
711 WEST LAKE STREET,
QUICK SERVICE— PROMPT SHIPMENT
You can rely upon us to fill your orders promptly.
We have the very latest parts and complete stocks
always thingonin radio
hand.that You
can tieneedup atwith
for anyyou may
any ustime.
SEND FOR FREE CATALOG NOW
You can have this complete, up-to-the-minute
radio guide with no obligation to you. It is a complete, up-to-the-minute radio reference and a real
money-saver. Just mail the coupon and a complete
copy will be sent you.

CORPORATION
CHICAGO, ILLINOIS
Hamilton-Carr Corporation
7H W. Lake St., Chicago, III., Dept 409
Please Catalog.
send at once your Free 1928 Wholesale
Dealers'
Name .
Address.
City

State.
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Radio Theory and Operating. By Mary
Texanna Loomis. Chapters, 44. Pages, 886.
Illustrations 632. Loomis Publishing Company,
Washington, D. C. Price, $3.50.

RADIO
DEALERS
Send

for our catalog

illustrating the products of over 100
radio manufacturers.
WHOLESALE

ONLY!

. D. PITTS COMPANY
219-223 Columbus Ave.
BOSTON, MASS., U. S. A.
Established 1919

A-FILTER
Here is a new kind
of DRY and HUMLESS A-FILTER,
ready to hook onto
any 6 volt charger,
to convert your filament supply to A. C.
No harnesses, no new tubes req uired.
Clip this ad. and send with
name and address today for
phlet B-5.
your
TOBE DEUTSCHMANN co.
S
CAMBRIDGE, MASS.
pam-

SUPPRESSOR
Controls the Squeals
Fits grid circuit of any tuned R. F. set. Stops
tendency
to "boil over"
and squeal.
each;
$1 mounted.
Satisfaction
or 75c
money back. Describe
when
Radio Co.,Langnein- ^^^^^
Kautmai ordering.
Depi
Franklin
HevttHsvenSt
Coi

of
e ing"
the most
compre
volumesis one
so far
Operat
andhensiv
Theory
RADIO
published in its field, covering not only
radio theory and circuits but also the necessary
electrical engineering required in the operation
ph and radio telephone transof radio telegra
mitters and receivers.
The book is obviously a product of most extensive and painstaking research and reading,
and familiarity with the work of the best authorities on radio subjects. It is now issued, recently revised, in its third edition.
There are two possible treatments of comprehensive works on radio subjects. A book may be
designed to appeal to the radio enthusiast who
desires to understand thoroughly the theory and
operation of radio. It may also be planned for the
professional radio man who studies the subject
as a member of a class conducted by an expert
teacher. Miss Loomis's book is decidedly in the
latter classification. Her treatment of the subject
is in a matter of fact and unromantic style. This
is not written in the spirit of condemnation, but
merely to define the author's point of view.
The work is divided into four parts. The first,
of twenty-five chapters, discusses the principles
of transmitting. There are seventeen chapters
dealing with the principles of electricity and
magnetism, generators, condensers, transformers, and the essential parts of the radio transmitter before we come to Chapter XVIII,
dealing with oscillating currents. Thus the
groundwork is thoroughly laid before radio circuit principles are considered. The second part
deals with receiving circuits, in eleven chapters;
the third, devoted to vacuum tubes and continuous waves, comprises six chapters; the
fourth, entitled "The Practical Radio Operator,"
covers that subject with eight chapters.
To substantiate my point that the book is
based more on reading and research than upon
practical experience in the handling of radio
equipment (not that the author is without extensive practical experience), this last section
quotes liberally and thoroughly digests the Government regulations applying to radio, abbreviations used in practice, message forms, traffic
regulations, and the forms used in practical shipto-shore operating, all material obtainable by
research and consultation of authorities. On the
other hand, when the author deals with troubles
which may be encountered in the operation of
transmitters and receivers, that clearness and
completeness which otherwise characterizes the
book is somewhat lacking. For example, the
operation of crystal control in broadcasting stations isdisposed of in the following paragraph:
" When crystal control is used, too high a voltage must not be placed on the crystal, as this
may break it. From 300 to 400 volts appears to
be the limit that the crystal can stand. Crystals
are a great help in keeping the oscillation frequency constant and, by eliminating wastes due
to wild oscillations, the radiation is increased.
However, the crystals are not imperishable.
They need care and have to be replaced occaThe same characteristic of treatment may be
sionally."
observed in the discussion of possible troubles
with receiving sets:
" If upon sitting down to listen, on what appears to be a correctly wired receiving set,
nothing is heard, aside from the possibility of
an error in the circuit, this may be caused by
something very simple. The trick is to find the

simple cause. Perhaps the most common cause
of this is a short-circuited fixed condenser, either
shunted across the telephone circuit or the first
amplifying transformer. This may be caused
by the use of a hot soldering iron as a condenser composed of copper or tin foil and waxed
paper, is not intended to withstand heat. W here
fixed condensers are soldered into a circuit,
this must be done very cautiously. Probably the
next most important cause for silence in a receiving set is a poor contact between the prongs
on the base of the tubes and the springs in the
socket. Springs should press tightly against the
prongs," etc., etc.,
Considering that the volume is entitled
"Radio Theory and Operating" and not merely
" Radio Theory," possibly a better balanced
book would have been produced by more complete and systematic arrangement of possible
troubles encountered in the operation of transmitting and receiving apparatus.
Another peculiarity of the book is the meticulous care observed in giving credit to independent
inventors whose work antedated those generally
given credit for radio's important inventions.
Unquestionably this attitude arises out of the
fact that Miss Loomis's father is Dr. Mahlon
Loomis, who demonstrated radio transmission
and reception in 1872, in Virginia. His pioneer
work is not generally recognized. A patent was
issued him on July 30, 1872, and his demonstrations, a matter of public record, establish his
priority over Marconi. But history invariably
credits the man who first puts over a new idea
or system commercially, whether he is the first
inventor or not.
Doctor Loomis bears the same position in
radio that Dr. Samuel Langley holds in aeronautics. The Wright brothers are credited with
the invention of the airplane because they were
the first to demonstrate it to the general public
so that, through their influence, it has won recognition as a practical device. Glenn H. Curtis,
substituting a modern motor for the steam
engine originally installed as motive power in
1897,even
madethisLangley's
fly successfully.
But
vindicationplane
of Langley
has not
deprived the Wright brothers of their position
as the acknowledged inventors of the airplane.
Miss Loomis's book is to be recommended
particularly to commercial wireless telegraph
operators. The chapters dealing with the care
of storage batteries, the functioning and care of
motor generators and power equipment, and the
regulations applying to commercial practice
are thorough and complete. An extensive series
of questions at the back of the book are helpful
in preparing for Government examinations.
Standard ship and commercial installations are
quite thoroughly dealt with. The volume is well
indexed and well arranged.— Edgar H. Felix,
Another Text for Operators
Practical Radio Telegraphy, by Arthur R.
Nilson and J. L. Hornung, McGraw-Hill Book
Co., Inc., 380 pages, $3.00.
THE
radio
radio

this book preparing
states thattoit become
is writtenpreface
for radioto students
operators. Its scope is therefore marine
telegraphy, and does not include broadcasting. At first it may seem that enough books
have been written to aid aspiring young electricians to survive the terrors of the government
license examination, but this book really does
the job extraordinarily well; better, I believe,
than any previous work on the subject. The art
has changed, and most of the earlier treatments

RADIO
BOOK REVIEWS
(Continued from page 56)
Practical Radio Telegraphy — Nilson and Hornung
are out of date. This fact, as well as the long
experience of the authors in the training of radio
operators, justifies the appearance of the present
volume.
The treatment begins with the physical fundamentals ofthe art, the first seven chapters being
devoted to such topics as magnetism, motors
and armatures, and characteristics of alternating current circuits. The treatment is nowhere
skimpy; in the chapter on armatures, for example, the elements of armature winding are
fully described. Wherever physical principles
are expressed the atomic theory is used. Occasionally the phraseology is a little dubious, as
in the discussion of dielectric breakdown on
page 107, where the authors tell us that "a ruptured insulator might be defined as a material
in which the electrons have been extended beyond their limit, or, in other words, the electrons have been strained beyond the elastic
limit of the atomic structure. ..." A strained
electron might tax the conceptual powers of
greater intellects than those of average young
men studying to become brass pounders on the
high seas. But the explanations are in the main
clear and scientific; the one which has been
quoted is not a fair example.
Photographs and practical illustrations of apparatus have been secured from manufacturers
and communication companies. Spark, vacuum
tube, and arc transmitters for marine use, commercial receivers, and the radio compass, .are
thoroughly described. Questions at the end of
each chapter may be used by the student to test
his knowledge. Most of the chapters are written
to the length of a normal assignment in a radio
school. The printing is first-rate, with the exception of a comical error in the running head
of Chapter XXI. The book includes an index.
It is written for readers who lack preparation
in elementary electricity, mathematics, and
chemistry, gives them what they need of such
prerequisites, carries them through the technique of radio marine telegraphy, and fills the
need for a reference book for finished operators.
— Carl Dreher.
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THREE

TIMES!
The new UX 250 Power Amplifier Tube is capable of supplying the speaker three times
the undistorted energy as that
of a UX 210 tube. Results —
great volumewith unsurpassed
quality. This tube, however,
requires equipment especially
designed for it. The General
Radio Company

have devel-

oped acomplete line of transformers and filters particularly
adapted
for
USe
With tlllS

Type 587-A Power Speaker Filter

thoroughly insulates the speaker tube. Folders describing amThis
from instrument
the high voltage
and current of the last stage plifier units and component
•!, ,
tube. It is equipped with a heavv dutv choke that
■ ,1 undue
1 satura.
apparatus
will be sent on
will•„
pass 100 milliamperes without
rr
tion and suitable condensers.
Price, $10.00. request.

30 State St., Cambridge, Mass.

/
i\E¥NCH
Resistors for receiving, transmitting,
and power supply work.
ARTHUR H LYNCH, Inc., 1775 Broadway, N. T. C

Radio
274 Brannan St., San Francisco, Calif.

the Code
^v're'ess or Morse — at home with the
No better Automatic
method for('odeself-instruction
Teleplex
Instructor.
exists. Quick
— Thorough.
Endorsed by U.— Easy
S. Navy.
The only
instrument
that
Reproduces
actual
sending — messages, kadiogiams,
Any speed.
nished.etc.Thirty
times Complete
as many Course
words
othermastery
instrument.
Avail write
yourself of the Teleplex foras any
a quick
of the code,
for booklet Kit. TELEPLEX CO., 7« Corthmdl St., New York.
-Hi
*^W>lUft
Jag] ^J^^^HSSSs^^i.J

In sending the coupon below, make sure that your
name and address are included and are plainly
written.
USE THIS BOOKLET COUPON
Radio Broadcast Service Department
Radio Broadcast. Garden City, N. Y.
Please
fat no inexpense)
the following
booklets
indicatedsendby menumbers
the published
list above:

200,000
Ohms
Two hundred thousand ohms is quite a lot of resistance in wire
wound form and of a type unaffected by temperature changes to High RelmncV ViltmeUr
build into a voltmeter. Still, that is the actual amount used in
the Jewell high resistance B-eliminator voltmeter, to establish a high resistance of 800 ohms
perForvolt.the set owner who demands the best from his receiver, this instrument will provide
the maximum flexibility in home testing. Besides its adaptability for making B-eliminator
voltage adjustments, the Pattern No. 116 may be used for general test purposes as well.
The movement
PatternTheNo.scale
116 isis silver
a sensitive,
coil type, and
having
silvered
movement ofparts.
etched D'Arsonval
with plain moving
black characters
the
pointer is provided with a zero adjuster.
Ask your dealer about it or write us for descriptive circular No. 1 103.

Name.
Address.

(Number)

(Street)

(City)
(State)
ORDER BY NUMBER ONLY
This coupon must accompany every request. RB 5-28

Jewell

Electrical Instrument Company
1650 Walnut Street, Chicago

"28 Years Making Good Instruments"
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Is It a Menace

BY

RADIO

to the Retail Business Structure?

By Francis St, Austell
President, Iowa Radio Listeners' League
Is Your
a 60

Percenter

?

TOO many sets are delivering only 60%
of the tones broadcast by the studio. Most
of the audio systems choke off or distort the
very tones which give that fullness and roundness which makes the difference between ordinary and Natural Reproduction.
Link up your Tuner to Natural Reproduction
with the companion units, The AmerTran
Push-Pull Power Amplifier and the AmerTran
ABC Hi-Power Box.
You must hear it to appreciate it. Even your
imagination will not exaggerate the difference.
Write for full information or ask us to arrange
a demonstration at yout dealer's store, no obligation ofcourse.
AMERICAN TRANSFORMER CO.
120 Emmet St., Newark, N. J.
Transformer Manufacturers for 28 years

AERO

Corona
Used in New

Coil

Cooley "Rayfoto"
Of course the new Cooley "Rayfoto" uses
an AERO Inductance Coil. This special
coil is designed to meet the exact specifications of A. G. Cooley, whose "Rayso many
experimenters
will
build. foto"Forreceiver
every
inductance
requirement
AERO Coils are proved best — by experts
and amateurs as well. Always specify
AERO Coils if you want the finest in
radio performance.
AERO PRODUCTS, Inc.
1722 Wilson Avenue Chicago, 111.
COMPLETE

PARTS

FOR

REMLER
AC

in Iowa, the haunt of direct selling of direct selling are divided into two classes. One
by radio, all arguments for and against class wants direct selling stations to be put off
the air entirely. The other would be content if
"Direct Advertising" and "Indirect
selling were abolished and would demand
Advertising" have been abandoned in favor of a direct
heated controversy on the subject of direct selling nothing more.
by radio. Advertising, direct and indirect, has
Henry Field of kfnf, just plain "Henry" to
in the case of some radio stations, given place to his friends, has a magnetic personality which
reaches
out and grips his audience. His descripurgent, persistent, forceful and vociferous clamtion of a cup of his famous coffee is tantalizing
oring for orders for all kinds of commodities.
The three terms, indirect advertising, direct and his vivid picturization of a cooked slice of
advertising and direct selling have been defined
his wonderful ham just makes one's mouth water.
as follows: Indirect advertising is the type of His coats are the best ever heard of, his overalls
are
works of art, hie tires make motoring a joy
publicity sent out by a great number of stations
including those on the networks. It consists of forever, his canned peaches bring to our table
the name of the advertiser who sponsors the en- the sunshine of California. It is a bad day when
tertainment, with a mention of products in a his sales talks do not bring a few thousands of
manner calculated to create good will and also dollars to the merchandise center.
help all who are concerned in the merchandising
THE FINE ART OF RADIO SELLING
of those products. Direct advertising consists of
the broadcasting of requests for orders, with or
without price quotations sent out by a station
JlENRY FIELD has developed salesmanship
which has sold time to an advertiser for the
' ' by radio into a very fine art — so fine an art
purpose of selling goods by radio. Direct selling in fact that many claim that if his example were
followed by others fortunate enough to own a
consists of the solicitation of orders by a station
which sells goods direct to the consumer for its radio station, the whole retail business structure
of the country might be endangered. The selling
own account and for its own profit.
The center of the controversy is quite naturally of merchandise by radio is so profitable that it is
Iowa, because the principal direct selling stations surprising to find so few radio stations engaged in
are located in that state. The writer is not famil- the pastime.
iar with the situation in other states, but is
Those who oppose direct selling as unfair
certainly very familiar with the Iowa station
competition ask: " If one broadcaster is allowed
to use the greater part of his time on the air for
which is probably unique or ought to be.
the purpose of soliciting orders, vvhy should not
A half-hour period usually called the "Letter
every
broadcaster do it? Why shouid not every
Basket" has just been brought to a close by the
owner and operator of kfnf Shenandoah. This man be given the right to erect and operate a
station was the first to adopt the plan of selling radio station, provided he expresses the willingness or desire to sell prunes, peaches, tires, overdirectly to consumers and is still the chief exponent of the art. During the period referred to, the
alls and other commodities?"
At present, the local dealer who has no broadpublic was begged to send orders for tires, dishes,
casting station is in an unfortunate position. He
peaches, 'coffee, Chinese baskets, pencils, fountain
pens (guaranteed for life) suits, overcoats, paint, is open to attack, direct, indirect, by accusation
canned corn and nursery stock, not forgetting and by innuendo. Not having a radio station from
prunes. Before the advent of radio, the owner and which to shout, he is naturally at a loss for a
reply. He gets sore and thinks of all kinds of
operator of kfnf was in the seed and nursery
business. The other lines have apparently been smart "come backs," but he has to remain silent.
It is not unusual to hear over the air remarks
added since the issue of a license to broadcast.
kfnf, Shenandoah, is now self-announced as to the effect that "your local merchant would
charge you at least twelve dollars — but by buythe "merchandise center of the middle west" —
ing from this station, you get it for seven dollars."
"the pioneer trading station" and somewhat
vaguely as "the world's largest." In a few short The purchaser by radio also has the extra and
years a business primarily devoted to seeds and exquisite pleasure of hearing his name "read
nursery stock, with an annual turnover of prob- out." The price comparison, according to reports
ably about three hundred or four hundred thou- from dealers, is not always fair or absolutely
sand dollars, has grown with the aid of radio correct, but who can contradict it?
kfnf sometimes issues statements to the effect
into a business with a volume of more than
three million dollars.
that the station does not undersell competitors
The entertainment furnished by kfnf is not and claims "quality" as the keynote of its business policy. At another time, the station claims
of a high class nature. 11 is what is called common
to have forced down prices on many commodities
music for common people or simply old-fashioned
and to have saved the farmer vast sums of money.
music for plain folk. While the response from
the public to the efforts at entertainment is Whether or not they save money or get better
quality the loyal followers of Henry send their
meager, the response to the talks broadcast from
that station is enormous. These talks are really cash to his station and demand that he be allowed
to do as he likes with his radio station.
clever and deal with agriculture, horticulture,
household hints and many other subjects.
It has been stated that the direct selling stations of Iowa can produce five hundred thousand
kfnf has a following which numbers many hundreds of thousands and every one of them will signatures to support their claims to popularity.
fight if his favorite station is criticized. There This is no doubt a very low estimate. But it may
is probably no station in the country that has be asked whether the popularity of a station is
such a loyal following and some extra bitter sufficient excuse for what many regard as the
opponents of direct selling say that no other evils of direct selling. On this subject a corresponstation wants such a following. The opponents
dent remarks "popularity has nothing to do with
OUT

Set

45 Kc.
SUPERHET.

GET prompt, efficient service
and lowest prices from Western. Our catalog lists a complete
line of kits, parts, sets and accessories.
Dealers — Write for Catalog
WESTERN RADIO MFG. CO.
134 W. Lake St. Dept 45, Chicago
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Browning -Drake

Kit

rT"<HE world-wide fame of Browning-Drake radio apparatus has
been built upon a firm foundation
of wonderful results.
The Official single-control Kit, introduced last fall, is the heart of
any Browning-Drake receiver and
may be used in shield grid, A. C.
or D. C. assemblies. Foundation
Units and other parts matched to
this Kit may be secured if desired.
A new loud speaker has taken its
place as a Browning-Drake product
and its fame is spreading rapidly.
Your inquiry will bring full information on factory-built receivers, Kit
apparatus and loud speakers.
Browning - Drake Corporation
110 Brookline St.
Cambridge, Mass.
BROWNING

SELLING

by Francis St. Austell
(continued from page $8)
it. Saloons were popular once, but where are
they now?" Correspondence comes from all over
the country, from Rhode Island to California,
from Maine to New Mexico, and it is a very noteworthy fact that most letters from opponents of
the principles of direct selling are on excellent
paper and represent a highly educated class,
while those from supporters of the direct seller are
for the most part, extremely hard to read, are
not noted for cleanliness and usually avoid reference to the real subject of debate. The popularity
of kfnf is based on its talks, its gospel hymns,
religious services and its old-fashioned music.
The opponents of direct selling do not necessarily
criticize these features, but the loyal followers of
kfnf see in an attack on direct selling, a camouflaged attack on the gospel. They want Henry
or "Henery" and resent any suggestion of criticism, even of the station presided over by their
idol. The owner and operator of kfnf recently
broadcast a statement to the effect that those
who did not like his station were writing to the
Federal Radio Commission, telling that body
all about it. He also commented on the fact that
these people were sending typewritten letters.
The young lady who sorts my mail was discovered once making two piles of letters before opening them. One was a clean, neat pile, the other
was quite different. When asked the reason for
such a to
procedure,
she remarked
ones
object
direct selling,
the dirty"The
lettersclean
support
it." Quite simple, but also very significant. Of
course their are some very clean and well written
letters favoring direct selling but these are conspicuous incomparison.

DRAKE
RADIO
PANELS
BAKELITE— HARD RUBBER
Cut, drilled and engraved to order. Send rough sketch
for estimate. Our complete Catalog on Panels, Tubes and
— all of genuine Bakelite or Hard Rubber — mailed
onRodsrequest.
STARRETT MFG. CO.
521 S. Green Street
Chicago, III.
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Resistors for every requirement of the
radio fan, builder and engineer.
ARTHUR H. LYNCH, Inc., 1775 Broadway, H. T. C.
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Rheostat

WHERE DIRECT SELLING IS POPULAR
AT A convention in Des Moines, held last
year, a speaker attacked the principles of
direct selling, without mentioning any stations
by name. Mr. Field of kfnf requested that barriers be let down and that the matter be discussed-openly, as he said he was quite aware the
remarks referred to him. The way followers of
Shenandoah rallied to his support was an eye
opener to many. Women, who would ordinarily
dread the ordeal of a public appearance, spoke
fearlessly and eloquently, facing with real determinationcrowded
a
convention hall. Farmers
and their wives told of what Henry had done for
them, and they left not the slightest doubt as to
the popularity of Henry Field among his immediate followers. To his opponents, he represents probably the most unpopular station in the
world. Popularity is not the right word. This
man, Henry Field, arouses a feeling among his
followers that is akin to worship. He is becoming
a cult. The reasonable opponents of direct selling
do not hesitate to give him credit for all the good
things he has done. They fight with him on the
points only of direct selling and the methods employed in merchandising.
All the foregoing remarks can be applied to
other stations, of course, as far as merchandising
is concerned; but the magnetic personality of
Henry Field makes him stand alone, a national
figure, a creation of radio, a leader of hundreds
of thousands, almost a prophet, a Moses of the
common people.
It would seem that the direct selling stations
sometimes act as agents for manufacturers and
merchants, while certain commodities are bought
outright and sold by the station which is in reality a mail order house, with a catalog and also
the additional advantage of having a radio
station from which to broadcast bargains. All
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52.10. Mail Coupon for Two Free Books
"What Set Shall I Build?" and "For Better Reception," our two bevaluable
books every set builder
shouldand have,
out
mail will
coupon sent
below.you free, if you will fill
HERBERT H. FROST, Inc.
New York
ELKHART, IND. Chicago
HERBERT H. FROST, Inc.
160 North La Salle Street, Chicago
Send me your
two free books as advertised in Radio
Broadcast
for May.
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Knapp
The Kit completely
assembled
metal cover within
place.
Operates
105-120 volts
AC, on50
to 60 cycles.

your

set

practical
way • • • •

No expensive short lived AC Tubes, no
troublesome re-wiring, no annoying- hum.
Increase instead, of decrease the efficiency
of your set, no waiting . . . the
Knapp
powerat kit
gives
you music Ainstantly
the snap
of a szvitch. Absolutely Dry
There
is notcondensers
a drop ofaremoisture
this absolutely
drvof
unit. The
bakedfully
soin that
not asolid
dropfullmoisture
remains.
The
unique,
patented,
wave rectifier is absolutely dry. No water ... no acid . . .
no alkali . . . no tubes ... no electrolytic action. Nothing
to get out of order. Nothing: that needs attention.
Assemble in Half an Hour
Everything; supplied, even to the screws, wire, drilled
base-board
operated fromand themetal
samecover.
switch. "B" Eliminator may be
Big Profits for Set Builders
Our President. Mr. David W. Knapp. is offering the set
builders of America, for a limited time only, a monevsavincplan today,
-which before
is uniqueit isintoothelate.
annals of radio. Send
the coupon
KNAPP ELECTRIC
CORPORATION
Port Chester, N. Y.
MR. DAVID W. KNAPP, Pres., Knapp Electric Corporation
333PortFox Chester,
Island Road,
N. T,
Send meKitcomplete
regardingKnapp "A"
Power
and yourinformation
special discount
to set theBuilders.
Name
Address
■■■■■■■■■■■■■■■■■■■a
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by Francis St. Austell
{continued from page 59)

NEUTRODYNE
1. Single Unit AC Jewelbox, $95. Genuine neutrodyne
fully shielded — selective.
2. Dry cell operated Bandljox Junior, $35. Loud speaker
volume — most economical.
5. Bandbov 601, S55. Operates from batteries or power
supply units.
4. New
Type-D
Musicone, $15, finished with gold highlights
to match
the Jewelbox.
Crosley, radios are adaptable to any type of console installation. Write Dept. 20 for descriptive information.
THE CROSLEY RADIO CORPORATION
Cincinnati, Ohio
Powel Crosley, Jr., Pres.
Licensed onlu for Radio Amateur, Experimental a nd Broadcast
Reception. Prices slightly higher in far Western states
RADIO

Parts

for New Adams
Circuit
We supply all parts for the Adams circuit
as well as all popular circuits. Send us your
orders for quick service.
Free 1928 Radio Guide
The big Barawik Radio Guide honk is used by
of thousands
radio enthusiasts.
It's
thundreds
he handiest
and mostofreliable
radio reference
guide,
and aBarawik
big money-saver.
by utilizing
service. Keep up to date
Tt tion
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pagesnewest
repleteandwith
about the
mostreliable
advancedinformaideas
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and you
illustrates
will keep
posted
on what's up to date.
Standard Discounts to Dealers, Set
Builders, AgentsIt will
get our
pricesfeatured
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plete partspayfor you
the topopular
circuits
radio magazines. Whenever a new circuit appears
for which you want complete parts, write or wire
us
on to
theirsendwayyou.
to you
quickly.
We and
knowthey'll
what beparts
Simply
give
name of circuit and we'll
care ofyouthea restbig
We take
guarantee
saving on every order.
Send for Free
Copy Now!

Dept. 835
Chicago, U. S. A.
Mail This Coupon Now! For Free Copy
Name - .
Address

goods are sold with a money back guarantee.
Even the hams can be cooked, partly consumed
and the remainder sent back if not satisfactory.
As an indication of the volume of business done
figures recently broadcast from one of the socalled "farm
stations"
are given
dicate sales since
February,
1927. here. They in55 carloads of tires — 400,000 pounds of coffee
— 100,000 overalls and jackets, 30,000 work and
dress shirts, 70,000 dress patterns of 35 yards
each — 10,000 ready made dresses — 24 carloads
of prunes — 60,000 pairs of silk stockings — 50,000
radio tubes — 3000 suits and overcoats since
October 1927; that represents only a part of the
business of one radio station. To the writer, the
figures do not appear in any way exaggerated.
Retail merchants are becoming alarmed, followers of the farm stations are elated. The socalled farm stations claim the support of farmers
as a class. One farmer writes and states plainly
that it is a damned lie to say that all farmers are
in favor of direct selling. Another is equally positive that farmers are all for it.
That broadcasters themselves are not entirely
united on the subject of direct selling is indicated
by the following quotation from a letter addressed to the writer by the secretary of the
Berry Seed Company, which owns and operates
station kso, Clarinda, Iowa, This station was engaged in the direct radio sale of seeds and
kindred lines. The letter says, in part:
"The question of direct selling or the
quotation of prices over the radio is one that
is receiving much discussion not only in Iowa
but in many other sections of the United
States. . . .We cannot help but come to
the conclusion, after considering the matter
from all angles, that it does give such firms
an undue advantage over competitors who
have no radio station or access to one over
which their prices may be quoted. This
might readily be termed an unfair advantage
and perhaps for that reason alone should be
eliminated. . . . To return to our former
statement, we would welcome an order to
desist from quoting prices. We welcome a
mutual agreement that would eliminate it,
and if neither of these occur, we shall perhaps
cease anyhow."
An ardent supporter of direct selling principles
was asked by the Writer if he could produce one
logical
argument
in favorandof heit, found
merely a said:
broadcaster
was lucky
gold "The
mine
in a radio station. There is no law against using
Theremine."
is no law to prevent a man from being
a gold enough
lucky
to find and use a gold mine, but
unfortunately, there is a law which prevents a
lot of people from founding a broadcasting station. One station of the direct selling kind, according to its own report, annually sends out catalogues to the number of a million and a half.
The follow-up to these catalogues consists of
direct selling talks by radio. Catalogues from
other firms must be followed up by mail. It looks
a bit
doesn't it? announces that it has
Theone-sided,
Radio Commission
not been given the power to dictate to a broadcaster whether or not he should sell and puts the
matter up to the public.
Let the public decide — as quickly as possible.

Makes possible the using of new
A. C. tubes in present set without any structural alteration.
Change can be made in ten minutes. Eliminates "A" batteries.
"C"
supply.
and
"B" auxiliary
present with
Use yourComplete
volume
control.
S7.50
to $9.50
according to number of tubes.
Write for illustrated
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Resistors are accurate, permanent, noiseless.
ARTHUR H. LYNCH. Inc., 1775 Braawdway, N. Y. C.

How Does Your Receiver
Work?
What
How

Antenna
Radio

is Best?

Tubes

Func

tion?
These questions and many others
are answered in Walter Van B.
Roberts' book, "How Radio Re
Today — send one dollar, for your
copy, to the Radio Broadcast Booklet Dept.,Work.'''
Garden City, N. Y.
ceivers
«3

1928 Edition, complete,
up-to-date.
Full information
on A. C. and Screen
Grid Tubes. Over
For Service
900 pages,trations.1025
illusand Repair Men,
Dealers, Salesmen,
Experimenters and
Designers. At dealers
or by mail, $6.00.
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New

Speakers

Dynamic

Radio's

first

loud

speaker —

still

the

finest

ere is the original— the first type of loud speaker ever
made. Created by Magnavox in 1911. The only type of
speaker that has stood through every period of speaker
development. Supreme in the beginning. Supreme today.
Patented, controlled and made famous by Magnavox— and
Magnavox has been made famous by it.
Over 400,000 Magnavox dynamic power units are now
in use. The new models are widely acclaimed by press and
public. They are used as built-in equipment by America's
fine set makers— and the Magnavox principle is being adopted
by speaker manufacturers under license agreements.
New

perfected models — to meet
every power need — at
new low prices

Aristocrat Model (left)
Beautiful butt burl walnut cabinet finished
in two tones. It houses Dynamic 6, 7 or 80
unit. List prices:
Aristocrat with Dynamic 6, $jo
Aristocrat with Dynamic 7, $75
A ristocrat ivith Dynamic 80, $85
Dynamic 80
(right)
110 volts AC Has
power transformer andfier.dryThe rectimost
popular unit of
the new line. Dewith ACsigned to operate
sets.
Unit, list $50.
Send for Dynamic poiver speaker bulletins, giving full information
The Magnavox Company, Oakland, California
{Eastern Sales Office: — 1315 South Michigan Avenue, Chicago }

Cordova Model (above)
With dynamic 700 unit, 1 10 volt,
60 cycle AC. Combining rectifier
and power amplifier. Takes place
of last audio stage inset. Operates
with one 381 or 281 tube and one
310 or 210 tube. Handsome walnut cabinet.L/sr $175. Unit $125.
Dynamic 6 [left)
6 volts D C Field current
consumption,
.65 ambattery.
Unit peres.
list Operates
price from
#3 5. A

110 toDynamic
220 volts7 D C.
Field current consumption, 45 to 90
milliamperes. For use with power amplifiersternating
using high
alcurrent— voltage
or with rectified
DC power
supply. Unit, list $40.

Magnavox

^
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5 -Prong
Plug

Economy

-In

—

S-M
Coils

Efficiency

For ontheJune
popular
base"of short
receivercoilSilver-Marshall
will coils
have
ready
1st, "tube
new types
mouldedwaveBakelite
forms and wound
designed
to fitwinding
any standard
5-prong
tube socket,
suchbroadcast
as S-M band
512. coils,
These and
formsa
have
ample
space
for
all
short
wave
or
tickler slot at the base. Their small size particularly adapts them to short wave
sets to provide the smooth regeneration necessary to telephone or rebroadcast
reception, and their cost is as low as their efficiency and flexibility is high.
13 0 blank forms can be had with smooth winding space IV2" in diameter
and 1% ' long, with tickler slot and pins at Type
with list.
threaded
spacewhich
(98 fits
threads)
preferred.
of Why
types wound for different purposes can be had.50 ateach,
$1.25or each
Type winding
512 socket
these ifcoils
is pricedA variety
at 75c
pay $8.00 to $12.00 for a set of short wave coils when four 130 forms and a 512 socket costing $2.75 altogether,
plus
les
poundwantof wire
meter; sas than
you'da ever
to see.and an hour's fun will give you as pretty a little set of coils, tuning from 17 to over 200
The Famous S-M 240 Audio Transformer
At $6.00 S-M
transformers, that
containing
material chosen
than competitive
$8.00to
transformers,
give 240
such Audio
fine performance
they aremorebeingactual
increasingly
in preference
other makes. The Peridyne used them, the LC 2 8 Unipac was built around them, the Universal Tuners
rely on ported2 40's
for the onfinethem.
tone Small,
that hascompact,
made them
popular.
Broadcastof Laboratory
remost favorably
ruggedso and
above Radio
all possessed
the qualitieshas that
have made
S-Msetleader
audio Price,
field in240 twoaudio,
short3:1years,
are your
guarantee$5.00.
of fine tone
quality
in any
you buyin orthe build.
ratio,they$6.00;
241 output,
ABC

and B Power Units to Fit in Your Set Cabinet
The new S-M "670" Reservoir Power Units are but 13" long,
3%" housed
wide and
6%" highbrown
over the
2 80 rectifier
tube they
are
in attractive
crystaline
steel cases,
and use.
have Both
the
features that madepopular
the older
652
and
656
Reservoir
B's
the
most flilter and a new voltkits of their type. The Clough selective
age divider
system
provide
quietness
and
freedom
motor-of
boating
any
set 180
of one
tounusually
ten tubes.
670B
supplies
fixed from
voltages
90,on 135
and
to 200
a variable
from to22%
to22V2,
90 volts.
6 70ABC
supplies
thevolts,
same with
B power
and Atapandgiving
C power
any
AC tube setC —bias1.5 forvolts,
volts A byfor suitable
up to seven
tubes,in with
the
necessary
the 2.25
tubes andused5.0obtained
resistors
the set.
670B
is
priced
at
$35.50
wired,
ready
to
use,
or
$33.00
in
kit
form,
with
cabinet, ready to assemble. 670ABC is priced at $38.50 wired, or $35.00
for the complete kit with all instructions.

New Unipacs for 250 Tubes
Two Unipacs taking full advantage of the new 2 50 type tube are ready, one
a single stage light socket power amplifier and B supply, and the second a
two stage
amplifier
radio or ofphonograph.
one UX-250
amplifier
tube
to furnish
4650formilliwatts
undistorted Each
powerusesoutput,
which means
just
about the sweetest, fullest tone you've ever heard — just a shade better than
get towith120thevoltnext60best.
cycle alternating current, and deliver 450 volts B
Both Unipacs are peers in their fields, operateyoufromcan 105
push apull.stage
210's inBesides
than two
developstwo more
contained
the selfstage
84 voltsis C theto single
and681-250
regulator.
874 voltage
one output
rectifiers andpower
281 undistorted
250 tube,
usingtubeone which
model 250
kit formof
ortwoin stages
wiredIt $98.25,
powertubePrice
of Bstage
volts first
135a 22b
90 and
45.model
furnishes
radio set.isitthealsosingle
any 682-250
for
250 toamplification
ofready
added. supplies
with
stage
assemble. $83.25.
tube. It
detector
set
radio
or
pick-up
record
a
of
output
the
using
volume
hall
enough for dance
A. F.90 amplification—
power 45,
and 135
gives
ready to assemble
$92.75.volts of B and 1.5 and 2.25 volts of A for receiver operation. Price wired. $107.75, or as a kit,
SILVER-MARSHALL,

Inc.

838 West Jackson Blvd., Chicago, Illinois

SILVER-MARSHALL. Inc., 838 West Jackson Blvd., Chicago, III.
....I enclose 10c for which please send me full information on the S-M
transformers,
power supply
the S-M receivers.
....Iaudio
enclose
2 5c for instructions
for units,
buildingunipacs.
the S-Mandunipacs.
....IGridenclose
Sixes. 25c for instructions and blueprints for building the Shielded
....Iwaveenclose
tuners. 25c for instructions and blueprints for building the S-M
Name
Addrcs
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OTHER

THINGS.

IT HAS not been possible to reply with a personal letter to
each of our readers who filled out and returned the readers'1
questionnaire recently sent many of those who are regular subscribers. The desires and opinions of readers expressed have
been very helpful. Many interesting conclusions are at once
apparent. Our policy of giving complete information about the
manufactured parts described in constructional articles is overwhelmingly approved. The type and form of the articles dealing
83
with the construction of apparatus — such articles as those in
this issue for example — are welcomed. The many special features
distinguish Radio Broadcast from its con85 and articles twhich
emporaries areespecially praised.
87
89
SOME readers who have read elaborate statements of policy
appearing in some of our contemporaries have asked us, in
effect, if we were going to announce a changed policy, too. All
we have
the editorial
policyissue.
of Radio
has
been to
saidsayin about
this column
in the May
This Broadcast'
magazine is
edited for the reader and what he finds in Radio Broadcast is
information — lots of it, as interestingly, as completely, as accurately presented as we know how. This magazine will neither be
full of inconsequential and slightly sensational articles about the
marvelous
potentialities of radio nor will it overflow with con72
structional articles on every possible subject having the appar76 ent purpose of merely using the products of a selected group of
radio manufacturers. Our policy of making each article complete
in
itselfsections
and notwhich
"continued
96" is stillthein Laboratory
force. The
special
have so onwidepagea following:
Data Sheets, the March of Radio, Strays from the Laboratory,
Our iceReaders'
As the Broadcaster
the introServDepartment,Suggest
are to . be. . ,continued.
With thisSees
issue,It, we
duce a new regular feature: "Radio Broadcast's Service Data
Sheets on Manufactured Receivers" which present all essential
data on various makes of sets now in use. Several other important new features are in the course of preparation.

93
97
99
107
102
104
106
108
110

116

"POGAR
H. FELIX,
editor, attended
-1— ' lie hearings
before contributing
the Radio Commission
Aprilthe23 puband
24. He appeared as an expert witness and presented the suggestions for the solution of the broadcasting problem which have
attracted such wide attention in our editorial section, The
March of Radio. Incidentally, we are told that Mr. Felix's May
article "Will New Transmitting Methods Be the Remedy?" is
accepted
in Washington as the most clear and fair presentation
i
of9 the difficulties and possibilities for solution of the present
broadcast situation.
OUR
issue promises many interesting features. There is
96 an July
excellent non-radiating short-wave receiver using a
screen-grid tube, a searching analysis of the almost overwhelming obstacles to practical television, the description of a fine B
supply and power amplifier using the 250 type tube, a practical
set tester, and many other articles, selected because of their
unusual interest.
— Willis Kingsley Wing.
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Radio receivers, made for complete operation from the
power lines, are designed, usually, to operate at a fixed
line voltage. Where the line voltage exceeds the arbitrary value assumed by the set manufacturer, damage to
the tubes may result unless means are used to reduce
the line voltage to the value at which the set is designed
to operate.
Two methods are used, ordinarily, to correct for excessive line voltages ; a resistor or rheostat placed in series
with the input to the power unit of the receiver. The
resistance value and current carrying capacity of these
units is determined by the receiver primary current and
the maximum potential drop required.
Vitrohm Resistors, fitted with Edison medium screw
bases, are the most convenient units to use where fixed
resistance is desired. These resistors screw into a series
tap which is in turn plugged into the convenience outlet
or socket. They are priced at $2.00
and are 15availCataloeach
g
able in the resistances listed below:
Catalog
Resistance
Resistance
45
Number
2.5
In Ohms
Number
In Ohms
507-96
507-97
•507-99
22
507-39
507-98
3.5
5
507-41
107
507-43
507-100
12.5
62
507-44
507-101
507-45
Vitrohm 4-inch, 11 step, Rheostats are used where
31
adjustment of voltage is desirable or necessary. Mounting may be either front or back of panel. The price is
$5.50 each.
Catalog
Maximum Resistance
In Ohms
Number
12.5
20
507-83
507-59
507-63
Your dealer stocks Vitrohm Resistors and Rheostats, or can
get them for you. Circular 512 describes methods
of line
50
voltage control and shows complete diagrams of circuit connections. It will be sent to you promptly upon request
without charge.
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4 Colorado
In the Grand Canyon of 6the
A PORTABLE radio receiver in use in the Mr. Freeman explains that at the time the expedition was undertaken, there was some doubt as to
Grand Canyon in 1923. A special receiver was
built for the expedition by the Bureau of Standards
whether radio reception would be possible in the
which was carried on a geological survey of the Canyon. It was conclusively demonstrated that
Canyon under the auspices of the United States
excellent reception was possible. The receiver performed aswell at depths of 500 feet as at 5000, Mr.
Geological Survey. This illustration is from a photoFreeman
says. The antenna in the illustration also,
graph by Lewis
Freeman,
of theof Explorers'
Club,
New York,
who R.was
a member
the expedition.
it seems, served the party as a clothesline.

broadcasting is known to
CHAIN
radio listeners as a means whereby
a radio program may be transmitted
by several or even dozens of radio stations.
By C. E. Dean
Regular networks furnish entertainment
American Telephone and Telegraph Company
every day, and on important occasions
great extensions are made so that practically the entire United States is covered.
The estimated audiences at such times
include one fourth to one third of the
entire population of the country. More
people have thus listened to the voice of
one person than ever before in history.
The apparatus and methods whereby
such important and remarkable results are
accomplished are, therefore, interesting
subjects to the radio fan. His knowledge of
vacuum tubes, audio-frequency amplifiers,
and electrical principles will enable him
to appreciate various interesting points in
the equipment and operation of the wire
lines used in chain broadcasting.
In addition to the long lines connecting to
radio stations in distant cities, there are
many shorter lines transmitting programs,
such as from studios centrally located in
large cities to the powerful radio broadcasting apparatus out beyond the suburbs.
Similar circuits are used to broadcast
sporting events, banquets, and other occurrences outside the studio, thus greatly extending the range of program features.
It is one of the duties of telephone engineers and operating men to plan and
THE CHAIN BROADCASTING CONTROL ROOM IN CHICAGO
supervise both the short and long lines
Similar control rooms are located in Boston, Cincinnati, Detroit, St. Louis, Atlanta, San Francisco, and New
w hich carry radio programs. These conYork,ing each
a "transmission
supervisor."
Repeaters,
equalizers,
transmission
measur-in
nections differ in various respects from
devices,inandcharge
otherofapparatus
necessary
in the exacting
work oscillators,
of transmitting
the programs
are shown
regular local and long distance telephone
the illustration. Cone loud speakers are mounted in the protecting frames at the left. During operation, one
lines, and have, therefore, been given a
cone is connected to the Red network, another to the Blue, a third to the Purple; the fourth is a spare.
special
name,
"program
circuits."
One
difference is that ordinary telephone circuits
At all times extraneous noise on the circuit must
transmit the voice in both directions (on long and high pitch ranges of music and other program
material are transmitted with a considerable
be slight in comparison with the volume of the
circuits "two-way "amplifiers are therefore necesmusic. The critical times are during the faint
sary), but in program circuits it is necessary to degree of faithfulness.
portions of the program, and to transmit these
transmit only in one direction, that is, from the
In addition to the wider frequency-range
requirements, program circuits are called upon
necessary.
satisfactorily,
a very quiet circuit is obviously
pick-up microphone to the one or more radio
to transmit greater volume variations than orditransmitting stations. "One-way" repeaters are
nary telephone circuits. For example, the music
therefore sufficient. In the drawing on page 66
The large variations in the volume of orchesarrows indicate the direction of transmission
tral music (which are of the order of 50 TU, an
of a symphony orchestra will vary from a very
loud intensity, when many instruments are
energy ratio of 100.000) are greater than radio
along each program circuit which was used on
stations can transmit without overloading on
sounding, to a very faint intensity at other times.
January 4th, 1928. the date of the first Dodge
the loud signals and losing the faint portions in
Brothers program. The regular route of the voice
local noise, static, etc., at the receiver. So at the
of Will Rogers, acting as master of ceremonies at
microphone amplifier one of the broadcast
What
Radio
Owes
to
Chain
Los
Angeles,
be followed
way'theof East.
San
station control operators manipulates the ampliFrancisco
and may
Denver
to Chicagoby and
Broadcasting
fication control so as to reduce these variations,
Also an additional circuit for use in case of emercutting down somewhat the loud portions and
gency is seen passing through southern New
THE Washington air, in and near the bringing up somewhat the faint portions, taking
Mexico, Dallas, and St. Louis to Chicago.
halls of Congress, has been full of
care to preserve as nearly as possible the naturalpointed and often unpleasant comments
MEETING THE TRANSMISSION REQUIREMENTS
ness of the music. The program circnits, i. e., wire
about
chain
broadcasting
during
the
recent
lines are quiet enough to be able to more than
A NOTHER important difference between
weeks
when
the
last
radio
bill
was
under
handle all the volume variation which the broadordinary telephone circuits and program
consideration. Aside from the political
casting radio stations desire to transmit.
circuits is in the width of the frequency band
Besides the requirements just considered, the
transmitted. In a telephone conversation, clear, aspects which so fascinate our legislators, it
can be said without fear or favor that chain
program circuits must of course function harintelligible speech is desired, and it has been
moniously with the other circuits of the telephone
found that this can be obtained if frequencies
broadcasting is responsible almost entirely
plant,
so
that
transmission will not be
from about 300 cycles per second to about 2000
for the growth of high-grade programs in overheard on program
the ordinary circuits, nor vice
cycles per second are transmitted, although
this
country.
Chain
broadcasting
has
parversa.
modern telephone circuits are engineered to carry
For short connections in cities and at other
tially solved the old question: "Who is to
a somewhat wider frequency range. However,
circuits in cable are usually employed.
with program circuits, not only satisfactory in- pay for broadcasting?" As the use of the places,
The attenuation, the loss, introduced by a
has
intel igibility idesired,
s
but also a very high degree wire network, linking stations,
6
5
creased, so has the radio audience,
and seven-mile length of 19-gauge cable pair (conof naturalness and faithfulness in the transmissisting of No. 19 B & S copper wire), with no
sion of music and speech when reproduced
with it the time, money, and effort exloading coils or other apparatus connected,
pended on programs. This article explains
through loud speakers. To meet these requireincreases considerably with increase of frements, amuch wider band of frequencies is neces- some of the technical aspects of ihe accompquency. One TU of loss means a reduction of
sary. In the present art it is generally considered
lishment, much of which appears for the
power to 795 per cent, of its original value, two
desirable to transmit a range of frequencies from first time.
transmission units means a further reduction to
— The Editor.
about ioo cycles per second to about 5000 cycles
795 per cent, of what is left, or to .795 x .795 =
per second, and to do this with approximately
.63 = 63 per cent, of the original amount.
uniform efficiency. In this way the low, medium
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Three TU is a power ratio of 50 per cent., four
is 40 per cent., and five TU 32 per cent. Twenty
TU is a power reduction to 0.01 or 1 per cent,
of its original value, as shown by the bottom
line of the chart. (TU are also used to express the
amount of amplification, or "gain," of an amplifier, the ratio being the reciprocal of that for
loss. Thus, 20 TU gain is .-fa = 100 times, meaning that the output power is 100 times as great
as the input power. For furthei information on
TU see Martin, Journal. A. 1. E. E. June, 1924).
If the cable mentioned were used without
any correcting agency there would be a serious
reduction in the strength of the high-pitch components which give music its charm and brilliancy. But frequency distortion, if not too great,
can be offset by introducing an opposite distortion, averitable case of two bad elements combined to achieve the desired good result.
To correct the frequency characteristic of
short cable, special devices called "equalizers"
are used. These consist of inductance, capacitance, and resistance, three of the elements
forming a parallel resonant circuit, such as is
familiar to radio amateurs from its use as a
wave-trap. However, here the elements are so
chosen that the resonant frequency is far lower,
lying a little above the range of frequencies
which the circuit transmits. As in a wave-trap,
the impedance is high at the resonant frequency,
so that here the equalizer introduces little loss
since it is shunted across the line. But at lower
frequencies the impedance is much less, and by
proper adjustment of the two resistances and
the equalizer is made to have characteristics
just the opposite of those of the cable pair. The
resulting curve for the cable with the equalizer
is practically horizontal, which is the result desired. The volume is then raised to a higher
level by a distortionless amplifier.
For the long connections between cities in
chain broadcasting, "open wire" circuits are
largely used, that is, circuits consisting of wire
on insulators supported by cross arms. Most of
this wire is hard-drawn copper (No. 6 B. & S.)
0.165 inches in diameter, the most rugged type
of open wire line used in the Bell System. The
energy loss along this type of line is much less
than along an equal length of the cable just
considered, but after the current has traveled
about two or three hundred miles it must be reinforced. For this purpose an audio-frequency amplifier, called a "repeater," is used.
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An open wire circuit is similar to cable in that
the energy loss is greater at high frequencies,
but somewhat different methods are used to
make the open-wire frequency characteristic
horizontal. Repeaters which introduce greater
amplification for the high frequencies are used
in conjunction with equalizers. These equalizers
are different from the cable equalizer since the
conditions are not the same.
TELEGRAPH AND AMPLIFIER ARRANGEMENTS
PARALLELING every long program circuit
* is a telegraph circuit over which reports and
instructions are transmitted. With keys and
sounders at every repeater station this provides
an auxiliary communication channel for the use
of those responsible for the program circuit.
Other telegraph circuits connect the radio stations on each chain with the key station for the
coordination of station announcements and other
program details.
One of the most interesting features of a program network is the means employed to restrict
the effect of an accidental short-circuit of the
line at any point. Without the methods used,
such a short-circuit, besides preventing any
transmission beyond the particular point, would
greatly reduce the voltage for a considerable distance back along the line. Now an amplifier, besides its primary purpose, has the important
property that a change in the condition of the
output circuit (such as a short), has practically
no effect on the input circuit. So, wherever a
program circuit forks, an amplifier is inserted
into each outgoing branch, with the result that
a short-circuit across one branch will not affect
the transmission along the other branch. This is
done regardless of whether or not amplification
is needed — the one-way feature of an amplifier
is taken advantage of in this way to increase the
reliability of the system. For this reason repeaters average about 125 miles spacing in the
East, when otherwise two or three hundred miles
would be sufficiently close, for there are numerous
forking points in this part of the country.
The drawing on page 67 illustrates, by a typical case, the manner in which the power decreases
along each section of a program circuit and is
built up to its original value at the repeater
points. For example, at the New York repeater
station the incoming power from the radio
studio is given a net amplification of 9 TU, and
then begins the trip to Troy, New York.
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Along the circuit the power decreases steadily
until at Troy it is only 3 TU above the original input at New York. Here it is amplified
again, and continues on toward Syracuse.
The maintenance of a horizontal frequency
characteristic, the importance of which has
already been stated, necessitates the introduction of losses at the repeater points which are
offset by amplification; for simplicity these are
not indicated, the net gain at each repeater
station being shown. The final output power
of the circuit at Chicago is seen to be four
times greater than the input power at New
York. The scale at the right gives for any
point the number of TU by which the power at
that point exceeds the input to the circuit at
New York. The left scale gives the corresponding power ratio.
THE AMPLIFIERS OR "REPEATERS"
(~\^
COURSE.,
the transmission
and
^-^ speech
over program
circuits isofbymusic
alternating currents having frequencies the same as
those which are present acoustically in the sound
at the microphone. So the repeaters in the circuit are audio-frequency amplifiers. At the end
of each program circuit in chain broadcasting is
a radio transmitting station which sends the
program out on the ether at a radio frequency.
Special study has been devoted to the design of
telephone repeaters, and various types have been
developed. Those used in program circuits are
two-stage, transformer-coupled amplifiers using
130 volts plate supply. The first main element of
the repeater is an input transformer whose secondary is tapped to allow adjustment of the
amplification given by the repeater. The tapped
voltage from this transformer is applied to a
high-mu tube having an amplification factor of
about 30, and an output resistance of about 60,000 ohms. From this tube the energy goes
through an inter-stage transformer to the second
stage. Here there is a tube having an amplification factor of about 6 and an output resistance
of about 6000 ohms, similar to the 216-A
or 1 12 type tubes which have been used in other
amplifiers. There is an output transformer for
delivering the amplified energy to the outgoing
program circuit. Provisions are made for close
adjustment of amplification and for adjustment
of the frequency characteristic. The amount of
amplification or "gain" in the repeater may beadjusted to any value overa range of 37TU in steps
of as little as 0.3 TU so that very accurate setting
is possible. At 1000 cycles this adjustment varies
the gain from 5 TU to 42 TU, which is the same
as varying the power amplification from 3.2 to
1 5,800, or the voltage amplification from 1.8 to 126.
TESTING AND OPERATION OF PROGRAM CIRCUITS
A FEW years ago the testing and operation of
all the program circuits then in use was in
charge
one "transmission
located
in New ofYork.
Since then, thesupervisor"
extent of program
circuits has grown by such bounds that it has become necessary to have additional transmission
supervisors, and these are now located at Boston,
Cincinnati, Detroit, Chicago, St. Louis, Atlanta
and San Francisco. Each transmission supervisor
is responsible for the program circuits going out
from his control point. He, therefore, has charge
of hundreds of miles of circuits and a number of
repeater stations, through which the circuits pass.
At each of the repeater stations there are trained
men who are on duty during the hours that the
program circuits are being tested or used, and
these men make reports to the transmission supervisor, as directed, and adjust their apparatus
in accordance with his instructions.
It is very important to maintain the prograrr
circuits in the best of condition, for many thou-
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IS ACCOMPLISHED

MILES FROM NEW YORK ALONG THE CIRCUIT

WHAT HAPPENS TO ENERGY IN WIRE CIRCUITS
How the voice-frequency currents are attenuated as they travel over long
lengths of wire. Note the effect of amplification at the repeater points
sands of radio listeners are dependent upon them.
Each transmission supervisor, therefore, conducts every morning a thorough test and adjustment of all the circuits under his charge.
Transmitting a tone of 1000 cycles over the
program circuits, he receives reports by telegraph and directs adjustments at the nearest
repeater station, then at the next repeater station, etc., until, in this way, the entire group of
circuits under his charge is "lined up." Then a
low frequency, about 100 cycles per second, is
transmitted and any necessary auxiliary adjustments are made to see that this low pitch is transmitted with the same efficiency as the 1000
cycles. Then a high frequency of about 5000
cycles is transmitted to check the characteristics
at this end of the frequency range, and if necessary, appropriate adjustments are made. Finally,
music from a phonograph is sent over the circuits
to give a working check on their condition.
The transmission supervisor is also responsible
for the operation of the program circuits during
use. As soon as a report of transmission difficulty
reaches him, he must take immediate steps to
correct it. Whether the trouble is noise on the
circuit or low volume, he must proceed immediately with the proper steps. Sometimes the
volume delivered by a circuit will diminish or
the circuit will become noisy so as to suggest
approaching failure. In this case he endeavors
to obtain an alternative circuit and substitute it;
sometimes this may be done before the radio
listeners realize that any trouble has occurred.
At other times a circuit may, without warning,
fail completely, and at such times the tiansmission supervisor's general knowledge of the
situation is put to the test. He may sometimes
succeed in obtaining an alternative circuit with
only three or four minutes interruption to the
program. Sometimes alternative circuits follow
different routes and far exceed in length the
facilities they replace, such as during the Democratic Convention in 1924 when a connection
1400 miles long was substituted in place of one
only 200 miles long. The transmission supervisors
even keep informed of the weather conditions
over a large part of the country so that, in case of
threatening storms, they may obtain emergency
routes and hold them in readiness.
The heading shows the program circuit control
point at Chicago. Repeaters, equalizers, oscillators, transmission measuring devices, and other
apparatus, may be seen mounted at the left and
in the rear. One cone is connected to the Red
Network program, another
the Blue Network.

another to the Purple Network (the Columbia
Chain), and the fourth is a spare. In this way,
constant check is kept on the quality of the program transmission. At the right are telegraph
operators who transmit messages between the
transmission supervisor and the different repeater stations under his direction.
NETWORKS REGULARLY OPERATING
THERE are now four networks in daily operation, namely, the Red, Blue and Purple networks in the East, and the Pacific Coast network
in the West. The eastern networks are supplied
with studio programs from New York City and
the Pacific Coast network from San Francisco.
The total length of program circuits permanently connected into these four networks, or
connected on a regular recurring basis, was, on
April 1, more than 15,000 miles. To maintain
and operate this great amount of program facilities required more than 25,000 miles of telegraph
circuit. The daily audiences listening to the programs from these chains are estimated in the
millions of persons.
Perhaps the reader has wondered how the
designation of networks by colors originated.
This occurred several years ago when the only
network then operating received programs from

weaf in New York. The telephone engineers
drew in red pencil, on a map, the circuits regularly connected and drew in blue the extensions
which were occasionally added. In this way the
regularly operating chain became known as the
"Red network." Later, when a network was
organized with wjz in New York as the key
station, the name " Blue network" was, of course,
given to this. At the important program control
points the designation of the networks by colors
is a considerable aid to the transmission supervisor in the necessary switching operations.
HISTORICAL SPECIAL HOOK-UPS
/^~\N DEFENSE Day, September 12, 1924, two^-^ way conversation between General Pershing
in Washington and the Commanding Generals
of the various Corps Areas in New York,
Chicago, San Francisco and other points was
transmitted to a number of radio stations and
heard by many thousands of listeners. This
occasion remains an unbroken record for the
broadcasting of two-way conversation.
The largest number of radio stations ever connected was during the Radio Industries Banquet
held in New York on September 21, 1927, when
a total of 85 radio stations broadcast the proce dings. Al four of the regular networks were
used and 13 additional points were added.
Doubtless many readers will recall the first
Dodge Brothers broadcast of January 4, 1928,
when well-known persons in Los Angeles, New
Orleans, New York, Chicago and Detroit were
heard. The circuits used in this broadcast are
shown in heavy lines in the drawing on this page,
totaling over 20,000 miles of circuit, or over
40,000 miles of wire. Other program circuits
operating on this date but not transmitting the
Dodge program bring the total program mileage
to about 24,000 miles of circuit or about 48,000
miles of telephone wire. In addition to this
telephone mileage, about 40,000 miles of telegraph circuit was employed for lining-up and
operating the program circuits. As the pick-up
point was changed from one city to another, the
circuits had to be switched at corresponding!)'
widely separated switching-points. To perform
these operations in the necessary order within
the allotted five seconds required thorough
training and a high degree of intelligence. All
the pick-up circuits not in use for a few minutes
were kept under continuous test to guard
against the development of line troubles during
these intervals.
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sting is indeed a healthy
RADIO broadca
structure to survive successfully the
machinations of the politician, the
cupidity of the direct advertiser, the absence of
articulate listener sentiment and the regulation
of an impotent and hesitant administrative
commission. Only its real service to millions of
listeners gives broadcasting its vitality. On every
hand, radio is the victim of conflicting interests.
The powerful, well-financed broadcaster is assailed for his supremacy by the less capable
station; the vote-seeking politician, with a local
point of view, hampers regulation by those who
understand frequency assignment as a scientific
and national problem; the ethical goodwill
broadcaster is tempted by the example of the
blatant radio advertiser. Only one influence can
lead the way out of this welter of confusion and
that is a crystallized listener sentiment.
In its riotous career, broadcasting has had
many tormentors. Of these, the most disturbing
is the belated and superfluous broadcasting
station which has brought congestion, interference, and confusion. Throughout its history,
broadcasting has lacked capable independent
leadership to bring it through the wilderness of
uncontrolled growth. It is illuminating to review
the causes of present-day congestion because
they point the way to a solution.
When radio held the center of the stage of
public attention, the number of stations grew
rapidly to the full capacity of the broadcast
band. Room for greater power and more stations
could be gained only at the cost of curtailing
the service of an existing station. Two years ago,
the fight of one station for another's time on the
air upsetsumedtheauthority
Department
of Commerce's
asover broadcast
regulation,
which was valiantly stemming the rising tide of
stations. An effort was then made to preserve
order by a gentleman's agreement among the
existing stations. But the success of such a
course was unfortunately predicated upon the
requirement that all of those concerned be gentlemen.
During that period of chaos, broadcasting
stations were erected with reckless abandon and
total disregard of the capacity of the broadcast
band. All broadcasting was conducted in a
bedlam of shrill whistles and sullen groans.
Stern parents punished their children by making
them listen to the radio nightmare. But did a
voice, representative of listener sentiment, arise
in powerful protest? Did any leader of the
industry face the facts squarely? On the contrary, the press was flooded with statements
that there was really nothing wrong with the
radio situation.
After several months of torture, Congress
began to grapple with the situation. But did
anyone come forward with the insistent demand
that the number of radio stations be promptly
and emphatically reduced? The leaders of the
radio industry unremittingly labored to get
some kind of legislation passed. When debate
centered upon two forms of regulation — by a
commission politically subservient to Congress or
by a government bureau reporting to a cabinet
officer and relatively free of political instability —
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did the industry declare itself squarely against
political regulation? Indeed it did not; it meekly
favored both bills and, naturally, the bill giving
political influence the greatest sway became the
Radio Act of 1927.
Then came the regime of the Federal Radio
Commission. Did the Commission display the
courageous qualities of leadership essential to
success in its onerous task? Its every act indicates
that internal strife vitiated any constructive
measures. For six months, it dabbled with its
job. Credit must be given for its success in one
respect; the Commission did manage to work
out the best allocation possible without invoking
the only course which would be successful — the
elimination of excess stations in congested districts. The Commission talked about strong-arm
methods one day and adopted weak-kneed
policies the next; it announced that it would
eliminate 300 stations from the broadcast
spectrum and then promptly changed its mind.
The progressive members of the Commission
were invariably overruled because they could not
successfully face the political pressure of Congressional overlords who invariably backed the
weak against the strong.
When chivalry is applied to broadcasting, it
means the support of less competent stations
against the so-called chain monopoly. But to
what stations does the listener turn his dials?

ANCIENT TRANSMITTING HISTORY
Parts of the first wireless telegraph installation
in Porto Rico, built for and operated by the
United States Navy. The station was located
near San Juan and was completed in December
1903. The coil is the antenna tuning helix and
below it is the spark gap case. To the left is the
box containing the glass condenser plates. The
spark gap wascause of enclosed
the wooden
the terrificin noise
producedbox be-
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Leadership
He selects the powerful stations offering highgrade programs. As Representative Davis of
Tennessee pointed out, two chain organizations,
operating through seventy-two stations, slightly
more than ten per cent, of the total number of
stations on the air, have 50 per cent, of the total
broadcasting power. The remaining stations on
the air might be classed in two groups: promising independents, offering high-grade programs
and worthy of expansion, and the small, advertising and propaganda stations, which now stifle
the growth of the better independents. The predominance ofthe chain stations is founded entirely upon the crowding of the more worthy
independent stations by the host of worthless
ether busybodies. The elimination of 300 small
stations, particularly in large cities where powerful locals exist, would give a well-balanced structure of chain and independent stations.
In all the vast amount of conversation precluding the passage of the amendment demanding
equalization of broadcasting, no one succinctly
and forcefully stated the position of the broadcast listener. The villification of the leading
stations on the air went unchallenged. The
equalization amendment is a farcical grandstand
play, which glibly overlooks the fundamental
causes of concentration of stations in the more
populous areas. Merely to declare the sound
principle that broadcasting shall be geographically equalized will not create the needed
stations in the sparsely populated areas or the
necessary channels so that they might operate.
To equalize the power in the five zones, only
three possible courses exist:
(1) Power in the weaker zones may be
increased so that it equals that in the more
progressive zones; (2) power in the strong
zones may be reduced to the level of the
weaker; or, (3) a middle course between these
two extremes may be adopted.
Commissioner Caldwell showed that to bring
up the power of the weaker zones to that of the
highest would require the addition of 276
stations with 460,000 watts power. Inasmuch
as the broadcasting band is already hopelessly
overcrowded, any such increase, in fact any increase at all, would bring nothing less than
chaos. Averaging the present total power among
the zones would require a power cut in the first
zone of 92,000 watts, curtailing the service of the
most valuable stations on the air. At the same
time, there are no stations in the South ready to
bring that section up to average. Reducing the
power of all districts to that available in the
weakest would be wholesale destruction of good
broadcasting.
The broadcasting industry should be encouraged to erect more great stations; the better
independents should be given the opportunity
to serve, unmarred by the excessive number of
weaklings on the air. Unless the Commission
develops an unlooked-for independence and
courage, it will respond to the temper of Congress
by hampering the growth of bigger and better
stations. What we need is more, and not less,
powerful stations in every section of the country.
Only if listener sentiment becomes suddenly and
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Present Distribution of Broadcast Stations
THE following is an analysis of broadcasting
stations licensed as of February 29, showing
the inequitable distribution of stations by zones.
Commissioner Sykes, representing the southern zone, has pointed out that every legitimate
A rea
Population
lation
miles)
Popu(square
(per cent.)
Zone
(New England
Sts. N. V. &
N.J.)
Zone 2
..Central West &
Middle Atlantic)
Zone 3
(Southern)
Zone 4
Northwest)
Zone 5
Western &
Pacific Coast)
Total

22.73
24,378,131
22.69
=4,337,341
24,826,050
24,492,986
9,213,720
107,248.228

23.14
22.83
8.59

129,769
247,517
761,895
658,148
1,774.447

100

3.371,776

immediately articulate, and a powerful sweep of
opinion champions the two or three hundred
favorite stations, can the destructive effects of
the selfish and uninformed propaganda of
Congress against good broadcasting be overcome.
Mergers in the Radio Industry
ed merger of the Radio CorTHE propos
poration and the Victor Talking Machine
Company would be a vital step in bringing
us that combined broadcast receiver, phonograph, home motion-picture projector and television receiver which we forecast in these editorials for January, 1928, as the ultimate home
entertainment machine. The total assets of the
Victor Company are about sixty million dollars;
those of the Radio Corporation about sixty-five
million dollars. The merger will make available
to the combination the services of renowned
artists, both for radio purposes and for talking
movies. The announcement that negotiations
for this merger were under way was greeted with
the usual monopoly accusations in Congress.
Unquestionably the merger would result in a
still stronger company. The consolidation of
these interests is, however, certain to enhance
the entertainment value of broadcasting and
hasten the further development of diverse visual
and tonal amusement in the home.
Another merger of vital importance to the
American radio industry is the combination of
the Marconi Wireless Telegraph Company of
England with the Eastern Telegraph Company.
This forms a one-hundred-million-dollar, worldwide communication corporation which may
impose the pressure of severe competition
upon the Radio Corporation of America. In
spite of the comparative youth of the Radio Corooration. it has become a sufficiently vital factor
in international communications to make this
consolidation of British communications necessary.
A third merger which will ultimately affect the
radio communication business is that of the
International Telephone & Telegraph Company
with the Mackay interests. The former controls
telephone properties in Cuba, Spain, and South
America and has exclusive rights for foreign
manufacture of Western Electric Company products. The Mackay interests have an ambition to
set up an international radio telegraph network
and may ultimately become serious rivals to the
Radio Corporation of America. The Mackay
radio patent rights are based on their acquisition

British

request for power increase and improved channels, made by southern stations, has been
granted and that the inequalities are due rather
to lack of progressiveness with respect to broadcasting in the South than to any discrimination.
Area
cent)

(per
6.93
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21.33

N IM BER
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115
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213.055

215
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49.68
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19-34
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164,870
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27.31
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1007.80

8
4
8
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ofBrandes.
the Federal Telegraph Company and Federal"
More High Power Broadcasting

Radio Corthe Crosley
that wlw,
IT IS understood
poration, operating
has applied for30 a
50,000-watt assignment and that, likewise, kfi in Los Angeles is to have a similar increase. The only southern station to seek a
substantial power increase is kwkh. It is unfortunate that some of the more reputable
broadcasting stations in the South are not
aiming at substantial power increases, because
there are many good reasons why kwkh in
particular should not be favored by the Federal
Radio Commission. This station, in plain defiance of the Commission, increased its power
surreptitiously and utilized its facilities for
villification of members of the Commission. It
has established little reputation for high-grade
programs, although it is by no means at the bottom of the list in that respect. We regret to see
this progressiveness for much needed substantial power increases in the South largely
confined to a station which has virtually
thumbed its nose at the Federal Radio Commission and defied the simplest precepts of law and
order.

Skeptical 0/ Baird Television Accomplishments

from theof Baird
A PUBLI
ny saysstatem
Miss
thatenta picture
compaCITY
Dora Selvey, transmitted by Baird television from London to the Berengaria, a thousand miles at sea, was considered recognizable
by the radio operator. It must be realized that
any Kind of a radio transmission, which is interpreted byany form of television machine,
makes some kind of impressions on the screen.
The photographs of long distance television
reception, published in the newspapers, which
we have examined, have all been faked, the
image drawn on the screen being the work of
a retoucher. Newspapers, with a nose for news,
however, do not hesitate to fool the public.
Popular offers
Wireless,
a British
magazine,
to pay
Mr. home
Baird constructor's
£1000. if he
will successfully televise by radio, over a distance of not less than twenty-five yards, certain
items such as a series of three recognizable faces,
five simple solid geometric models in slow motion, four animal toys, grouped and in slow motion, and a tray, containing dice and marbles to a
number not exceeding twelve, all of these objects
to be sufficiently clear that a committee of judges
can recognize them and state their number. The
same publication points out that the television
sets being marketed in England, which are not
true television but shadowgraph machines,
require a high voltage supply of six or seven
hundred volts, which is quite capable of giving a
fatal shock.
Dr. Herbert E. Ives of the Bell Laboratories,
who demonstrated the first television apparatus between Washington and New York in
April, 1927, stated recently that bringing into the
home by radio an actual spectacle like a great
athletic event is unthinkable because its cost
would be simply enormous. Television is most
effectively accomplished through wire lines
and displayed in theatres and auditoriums
so that large numbers of people will divide the
cost of the presentation.
\A / HEN the S. S. Robert E. Lee ran on the
* v rocks while en route from Boston to New
York on March 9, several broadcasting stations,
tending to interfere with the handling of SOS
traffic, were very slow in getting off the air.
Among the stations named by the Federal
Radio Supervisor, were wjz, wrny, and wgl.

© Harris & Ewing
THE FEDERAL RADIO COMMISSION IS COMPLETE
After long delay, the vacancy on the Commission was filled by the President and all the members
confirmed by the Senate. From lejt to right: Sam Pickard, C. H. Caldwell, Carl H. Butman (secretary),
E. O. Sykes, H. A. Lafount, and !. E. Robinson, chairman
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Laxity in this respect is rarely displayed by the
more important stations and the lesser, having
high-frequency assignments, are least likely to
cause dangerous interference. Since it may be a
matter of life and death, leniency to those who
fail persistently to shut down promptly for distress traffic should hardly be tolerated. The
violations so far noted have been only spasmodic
and quite accidental.

BROADCAST

Chicago $32,200. A group of cities, including
Boston, Baltimore, Cleveland, Detroit and St.
Louis, show an average of $44,300.
Radio Retailing estimates the sales of radio
sets in 1926 at $506,000,000 and in 1927 at
$446,550,000. Radio is now installed in 27 per
cent, of American homes. If broadcasting conditions are not soon improved, radio set sales
will continue to decline.
NO NEW IDEAS IN PROGRAMS

Here and There
THE Public Health Service broadcasts, which
were begun in 1924, are now being used
semi-monthly by fifty-four stations. 310 radio
lectures have so far been delivered.
ASA result of the forty per cent, reduction
in transatlantic telephone rates, there has
been a fifty per cent, increase in the number of
calls handled.
\ A/CDA, a broadcasting station licensed in
v v the New York area, for some mysterious
reason, after the Federal Radio Commission
went into operation, has sued wor for $100,000.
for an alleged harmonic, attributed to wor,
which causes heterodyne interference with its
programs, wor's frequency is 710 and that of
wcda 1420. As a matter of fact, two predominant
heterodynes
assail, wcda'sto carrier,
both technical
of which
cannot
be attributed
wor. The
standards, maintained by wor, are beyond question and whatever radiation there may be on
its harmonics, are certainly suppressed to the
minimum which the present standards of the
radio art permit. Should wcda's pretentious suit
be successful, it would inevitably lead to other
suits because harmonics cannot yet be entirely
avoided. The second harmonic of all stations,
having a fundamental frequency lower than 750
kilocycles, falls in the high frequency end of the
broadcast band. The successful prosecution of
wcda's suit would place in jeopardy all the
broadcasting stations which are assigned to frequencies below 750 kc. wcda should never have
been given a license in the first place.
THE SET BUILDER IN DETROIT
CARLY in April, manufacturers of radio
' parts and accessories exhibited at Convention Hall in Detroit, featuring the newest a. c.
developments, units for the use of custom-set
builders, equipment for converting battery sets
to a. c, parts for improvement of receiving sets
now in use. The large attendance is indication of
the power and numbers of the knights of the
soldering iron.
A JOBBER section has been formed by the
Federal Radio Trade Association. The
manufacturers' relation committee of the
section is headed by Harry Alter, the membership committee by J. M. Connell.
RADIO SALES IN FIGURES
THE average business done by radio jobbers
is $218,000 annually, according to figures
from a survey made by the Electrical Equipment
Division of the Department of Commerce and
the National Electrical Manufacturers' Association. Three hundred and seventy-five jobbers in
New York, New Jersey and Philadelphia did an
average volume of $298,000; the New England
group $264,000; Great Lakes region $240,000
and southern states $1 18,000.
Small-town radio dealers, according to a survey
by the same Bureau, average $5200 a year, as
compared with $22,800 by the average New York
dealers. The Philadelphia average was $21,000:

/COMMENTING editorially on commercial
^ broadcasting, Editor £r Publisher states:
"The rare incidence of new ideas in the program
departments of large radio studios is beginning to
worry the men assigned to the development of
new converts in broadcasting. The monotony is
beginning to pall on its makers and the feeling
is expressed that the pall may extend to the payroll unless expert direction is found to steer programs into new channels. ... As a rule, the radio
program staffs are competent to provide a wellbalanced evening of entertainment. They know
nothing of selling merchandise and the application of advertising to the development of sales.
They have constructed a program and stuck
into it, like splinters into a fruit cake, occasional
mention of the sponsor's name and goods. The
advertising interludes to the entertainment have,
in recent weeks, become more and more blatant."
Editor &■ Publisher's charges are, in the main,
true. There have been very few instances of
originality in the form of program presentation
during the last few years. One answer may lie
in the fact that successful moving picture
directors get from fifty thousand to two hundred
thousand dollars a year, while the number of
program directors in the radio field who make
more than five thousand dollars a yea an be
counted on the fingers of two hands.
PENDING SHORT-WAVE APPLICATIONS
ANE hundred and fifty applications for shortwave channels by new commercial and
public short-wave stations, requiring 350 channel assignments, are now pending before the
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Federal Radio Commission. Communication
companies are making 45 applications for 137
channels; newspapers 31 for 97 channels; oil
companies 28 for 29 channels; brokerage houses
12 for 22; steamship companies 7 applications
for 13 channels; banking houses 6 applications
for 6 channels; motion picture producers 5 applications for 10 channels; rubber companies 3
for 4 channels; coal 1 application for 2 channels;
automobile and transportation companies I
application for 1 channel; and miscellaneous
businesses 5 applications for 7 channels.
If these assignments are granted and the
channels placed in use, the rivals of these companies will also want channels and, since further
channels will not be available, the Federal
Radio Commission will, of course, be charged
with discrimination. The principle of first come,
first served, which must apply when a limited
number of any commodity is being dispensed,
always carries in its wake the cry of discrimination.
NEW AMATEUR BANDS
/^ENERAL order No. 24, by the Federal
Radio Commission, opens the 20,000-to
30,000-kc. band to the amateur. The assignments
are now as follows;
64,000 — 56,000 kc. 4.69 — 5.35 meters
3,550 — 3,500 kc. 84.5 — 85.7 meters
2,000 — 17.5 kc. 150 — 175 meters
A

SHORT-WAVE
radio picture receiver,
installed on the Hamburg American liner
Resolute, is said to be successful. Small pictures
and letters can be sent for moderate distances
at a cost of one dollar.
THE NEW G. E. HIGH-FREQUENCY TUBE
pvR.Electric
W. R.Company
WHITNEY
of the
Generala
L'
recently
described
new high power, high frequency, short-wave
tube, generating fifty million cycles. It radiates
ten to fifteen kilowatts. Interesting psychological
effects have been noted, particularly a warming

RADIO BRIGHTENS THE LIFE OF OHIO RIVER FOLK
House-boat dwellers along the Kentucky shore of the Ohio River. The receiver is pulling in wgy and
is the first radio reception these folk have ever heard. The set was an important part of the equipment
of Lewis R. Freeman, member of the Explorers' Club of New York who traveled from Pittsburgh to
Cairo — a distance of 1000 miles along the Ohio River. This set was used to bring in weather forecasts
while navigating the river and in one case, at Louisville, picked up a cyclone warning, enabling Mr.
Freeman to avoid a tornado that might have destroyed his expedition

JUNE, 1928

NEWS

effect on the blood of persons within its influence.
Small arcs are readily established by metallic
conductors. Eggs and sausages have been fried
by the heat generated on a single wire.
NEW RADIO AVIATION BEACON
HP HE visual indicator, developed by the
* Bureau of Standards of the Department of
Commerce, to show the aviator his course,
employs a needle-like reed, moved by electrical
impulses received from the radio beacon. It
does away with headphones and trailing antenna.
It works on the familiar balanced signal principle
and gives indications for distances of fifty
miles. In mountainous regions, however, its
directional accuracy varjes but the device should
be of inestimable help in locating a landing field
through a fog when the aviator is not far distant
from the field. Guided by the beacon, he can
come within range of the fog-penetrating neon
light and thus make a successful landing which
might not be possible without the radio direction
finder.
^\WEN D. YOUNG flatly stated recently that
^-^ the British lead America in international
cable and radio communication. "The English
Government," said Mr. Young, "fearing predomination ofthe American radio group in the
world of communication, has practically coerced
the interests in England to combine cables
with radio in order that the English domination
of cables may continue. In America, Congress
has enacted directly a piece of legislation stipulating that there can be no cooperation or
relation between the cables and radio. Congress
had distintegrated our strength into small units
and put each one of them at the mercy of a large
centralized foreign group."
GOVERNMENT officials in Czecho-Slovakia
estimate that the saturation point in the
possible number of receiving set owners has
been reached in that country unless more broadcasting stations are erected. There are now
206,000 listeners in Czecho-Slovakia which has a
population of some thirteen million.
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success will accomplish much more than all the
peace conferences and pacifist disarmament
propaganda.
BROADCAST AREA SERVED IN AUSTRALIA
THE interests operating station 3 lo in Melbourne, Australia, have shown, by superimposing a map of Europe upon that of Australia, that six Australian broadcasting stations,
all fringing the coast, serve an area equal to
that of Europe, including Great Britain and Ireland. Most of the population of Australia, however, isdistributed in centers along the seacoast.
There is no problem of frequency shortage to
hamper the increase of broadcasting stations, but
it appears that the government authorities
hesitate to permit an increase in the number of
broadcasting stations.
BROADCAST COOPERATION IN EUROPE
THE Union International de Radiophonie,
which consists of delegates from all European countries operating broadcasting stations,
is concerning itself with such problems as
frequency assignments, accurate frequency
measurements and the formulation of the frequency requirements of the various nations.
This body serves the same function as the
Federal Radio Commission in the United
States, except that it has no legal authority
and must settle its affairs by mutual agreement
and conference.
PCJJ, the Dutch short-wave broadcasting
station, frequently heard by American
enthusiasts, has adopted a schedule as follows:
Tuesdays and Thursdays, 16 to 19 Greenwich
mean time, and Saturdays 14 to 17 G. M. T.
A USTRIA now claims to be the most progressive country in the broadcasting field,
so far as percentage of registered listeners is concerned. 300,000 out of its 6,500,000 population
are registered radio listeners. Radio manufacturing is also developing rapidly, exports being
four times greater than imports.

FACSIMILE TRANSMISSION USED
THE extent to which financial enterprise is
utilizing the modern means of electrical
communication is illustrated by the recent floating of ten million dollars in bonds for Warsaw,
Poland, simultaneously in Europe and America.
A 1400-word descriptive circular was compiled
and sent by radio to London and Stockholm
Quarter-page ads were then set up in London
and mats made and distributed by air mail to
other European capitals. The circular was
71
cabled to South America and put into type. In
New York, it was set up and distributed by
telephoto to cities as far west as the Pacific
Coast. Thus transatlantic radio picture circuits,
airplanes, telephoto, and cable were used in this
international financial venture.
The transatlantic telephone service was extended to Belgium
on January 19 and to Holland
on January
30.
Herbert H. Frost, formerly General Sales
Manager of E. T. Cunningham, Incorporated,
has resigned to become Vice-President of FederalBrandes, Incorporated.
RADIO beacon service is to be installed along
the French coast. One station is to be built
at the mouth of Cherbourg harbor and another
ten miles northeast of that point so that bearings can be given to incoming ships.
A DECISION of the U. S. District Court in
Cincinnati declares that the Crosley Musicone does not infringe upon the Lektophone
patents. The Musicone, says the decision, is
drawn from the same prior art that the Hopkins
invention is made and is an improvement thereof.
The Supreme Court of Canada holds that the
patent granted by the United States to the
German inventors Schoelmich and Von Bronk
is prior art over the Alexanderson tuned radio
F. H. F. to
frequency patent. This is directly— opposite
the opinions of American courts.

D UMORS have appeared in the press that
^ several large holders of R. C. A. licenses
have stopped payment on their license contracts
and served notice to the effect that at the
present time they are not able to carry out their
agreements because of heavy declines in sales
and the inability to realize on large stocks of
battery sets.
THE Brunswick Phonograph Company announced that it will place records of certain
commercial broadcast programs on the market
the day following their presentation. It's bad
enough to hear most radio programs but once'
BRITISH SHORT-WAVE EXPERIMENTS
\ A/ITH characteristic caution, the British
* * broadcasting monopoly announces, through
its Chief Engineer, Captain Eckersley, that
the 5 sw high-frequency transmissions are
being attempted largely to permit foreign and
dominion experts to ascertain field strength on
various frequencies. "It would be criminal foolishness," says the announcement, "to let these
encourage one into saying that there is yet a
guarantee of satisfactory service worthy of the
object served."
International broadcasting, through shortwave interconnecting links, is still a spectacular
demonstration with all the hazards of uncertainty. But any new art must begin in this way
and the experiment should be encouraged. Its

RADIO CABIN OF THE MOTORSHIP " BERMUDA"
This is the latest type Marconi installation for ships and shows (left to right) gyro-compass repeater:
direction finder; receiver operating on all wavelengths from 300 — 20,000 meters; j-kw. quenched
spark transmitter; 1 A-kw. c.w. and i.c.w. tube transmitter working between 600 and 2200 meters

Automatic

Tuning
By

the development of the meIF WE review
chanics ofa radio receiving set we remember
a panel resembling a small switchboard
which had primary and secondary inductance
switches, an A battery control switch, several
variable condenser controls and other minor control switches. Gradually, over several years,
these numerous controls began to disappear
until now, on the panels of many of the recent
designs, not more than three controls exist,
namely, the on-off switch, a single dial for controlling the variable condensers, and sometimes
a volume control.
While there have been many improvements
toward simplifying the tuning of a radio receiver,
it is still necessary to manipulate a dial and if
a particular station is desired it is necessary
to consult a schedule. If no tuning schedule is
available the settings are oftentimes haphazard.
In a large number of cases, particularly in the
metropolitan areas, the dial settings are usually
confined to not more than five to ten stations.
When one is comfortably seated, whether in a
favorite armchair by the fireside or at the table
enjoying a dinner or participating in a card
game
is annoying
to interrupt
one's activity
adjust itthe
radio to some
other station
in searchto
of a more delectable program. The partial elimination of the multi-controls on the radio receiver
has reduced immensely the trials and tribulations
of many a lover of radio entertainment. Probably
there will always be at least two controls, one
for the station setting and another for the volume
from the loud speaker. Take these two controls
to the armchair by the fireside or to the table and
the ideal radio entertainment is at hand.
In this article we discuss a means for automatically tuning a radio receiver at a remote
point, although the same equipment may be
used in connection with a transmitting station
where the tuning elements are adjustable. The
advantages may be summarized as follows.
1 . The set may be tuned to any one of
several definite stations by pressing a button.
2. The set may be controlled at any point
of convenience.
3. The radio receiver may be housed in a
closet or other out-of-way place reducing
considerably the cost of expensive furniture.
4. An outdoor directional loop type antenna may be used instead of the present
antenna.
[Judged by present standards, Mr. Hubbell's
automatic tuning mechanism has certain drawbacks, as well as obvious advantages. These
limitations hold for all automatic tuning mechanisms with which we are familiar. The apparatus takes up considerable space, and although,
as Mr. Hubbell suggests, the receiver and the
tuning mechanism may be located elsewhere
than in the living room or the den — or wherever
receivers now in common use are located — it is
necessary to place the automatic mechanism
quite close to the radio apparatus and in most
cases that involves rearranging at least the radio
frequency and detector circuits of the receiver.
Neither Mr. Hubbell's arrangement or any other
can readily be applied to the average existing
receiver. That is, of course, not a serious disadvantage, for it is not difficult to rearrange a
"pet circuit" so that the relay tuning controls
are operative. Cost, too, is a factor, but a very
real gain in convenience is achieved which should
equalize that. — Editor]
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S. HUBBELL

AN EXPERIMENTAL SET-UP OF THE HUBBELL AUTOMATIC TUNING CONTROL
The photograph shows a rough model of the tuning control apparatus and the radio and detector circuits
of the receiver. The motor in this illustration is much larger than necessary. The model shown is equipped
tor tuning only to one broadcast station. For each additional station, two more cams, one on each shaft
will be required and one additional relay for each station
THE APPARATUS USED
THE equipment designed by the author for
automatically tuning radio apparatus consists essentially of a small commercial type motor
of about h.p. or less, depending on the number of stations the equipment must tune to,
connected to a revolving iron disc through a reduction gear. The revolving iron disc is caused to
engage at right angles another iron disc by means
of an electro-magnet (magnetic clutch). The
second disc is connected to a series of cams to
which spring contacts engage. Two cams, one
acting as a vernier to the other and a relay are
f~\E inLAtheTE automatic
there has been
interest
tuninga considerable
of radio receivers.
Remote tuning control of radio transmitters has
been used for some time, in various forms by both
commercial and military radio stations, but until
recently, little had been done to explore the possibilities in the radio receiver. This timely article by
Mr. Hubbell describes the mechanical principles
of the system which he has devised: the illustrations
show a rough model. A commercial model would
probably be quite different in arrangement and
appearance. Practically, the device suggested by
Mr. Hubbell is limited to the control of from ten to
fifteen stations, but it does permit the manual control ofthe receiver at any time. No effort has been
made to treat this subject from the constructional
point of view. Our readers will nevertheless be interested in the description of the present method.
All patent rights arc reserved by —theThe
author.
Editor.

required for each wavelength setting. If the radio
apparatus has more than one variable control
the clutch and cams are duplicated, but the
motor and reduction gear are common to any
number of controls.
At a distance from the radio set there is a
small button box which contains a button for
each wavelength and associated with each button
is a small display lamp to indicate the station
to which the set is tuned. The button box also
contains a rheostat or potentiometer for controlling the volume at the loud speaker.
Except for the push buttons, display lamps
and volume control switch, the tuning mechanism may be housed within the radio cabinet.
For those who are not interested in distant
stations and confine their entertainment to local
broadcast programs it would be practical and
desirable to place the radio equipment in a
closet or other out-of-sight place thus reducing
the cost of the receiver.
In the accompanying Fig. 1 is shown the
fundamentals underlying the operation of the
automatic tuning equipment designed by the
author. In the lower left hand side of the drawing is shown a revolving iron disc, Di, whose
shaft is connected to a small motor (not
shown) through a reduction gear. When the
motor is energized, the iron disc to which it is
connected revolves at about 60 revolutions per
minute. Adjacent to this disc is another iron
disc, D;, the axis of which is at right angles to
the former. These two discs have about clearance between their edges. There is a magnet,
Mi, mounted closely against the driving disc,
but not touching it, with one of its poles facing
the driven disc. There is a return pole piece on
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the magnet to concentrate the flux at the driven
disc end. On the driven disc there is mounted a
six-fingered suspension spring which connects at
its center the shaft, S, to the driven disc at the
extremities of the fingers. This spring permits
the driven disc to hold up against the driving
disc when the magnet is energized.
On the shaft, S, a cam is mounted consisting of
copper punchings riveted to a fiber disc. The
front of the cam is shown in perspective while
the rear of the same cam is shown at the right
of the drawing in full view. On the front of the
cam it will be noted that the copper punchings
are cut so that the brushes resting against the
cam pass over segments and interrupt any
current which may be passing through the
brushes. On the rear of the cam there are no
breaks in the copper punchings. These copper
punchings are electrically connected to the
punchings on the front of the cam by rivets. In
the upper portion of the drawing a conventional
relay is shown. In the lower right hand side a
push button and a display lamp is indicated.
The shaft, S, is connected to the proper variable
tuning element of the radio set such as a variable
condenser, a variometer, etc.
TUNING FOR STATIONS
BY PRESSING the push button a circuit is
closed beginning with the ground side of the
battery through the contacts of the push button,
and the relay to battery. The relay operates and
in so doing establishes a circuit to lock itself up.
The circuit is as follows: beginning with ground
at the left of the relay through the making contacts to the upper spring pressing against the rear
of the cam, through the rivets of the cam to the
upper brush on the front of the cam back to the
right hand contact spring of the relay, through
the winding of the relay to battery.
At the same time that ground is connected to
the upper brush on the front of the cam, a
ground is placed on the middle brush which
operates the magnet. Also a ground is supplied
to the motor lead which operates a relay in the
motor circuit causing the motor to rotate. The
shaft, S, now rotates and continues to rotate
until the top and middle brush fall into the
open-shaded segment of the cam. The set
screw, A on the cam hub permits the cam to
be set at any angular adjustment so that the
variable element in the radio set can be rotated
to any predetermined setting. In practice there is
another shaft, (see the accompanying illustrations) paralleling the shaft, S, on which is
mounted a similar cam and brushes. The second
shaft is connected to shaft S, through a gear,
reducing the speed from 60 r.p.m. to 3 r.p.m.
The brushes of the second cam are connected
in multiple with the brushes shown so that by
connecting the variable condenser or other
variable element to the second shaft, a micrometer adjustment is obtainable.
When the cam on shaft S has arrived at the
break in the copper punching the circuit to the
motor, clutch and relay is opened. A contact is
made however on the lower brush at both sides
of the cam which completes a circuit from the
ground at the relay (the relay now being released) through the lower brushes on both the
front and rear of the cam through the display
lamp to battery. The display lamp is lighted to
indicate that the variable element in the radio
receiver is tuned to a wavelength as predetermined by the adjustment of the cam on shaft S.
It should be noted that the lead marked "To
battery switch" is connected to battery through
the released contacts of the relay. With this arrangement al undesirable noises in the loud
speaker are eliminated when the variable elements are passing over unwanted stations. As
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A SIDE VIEW OF THE EXPERIMENTAL UNIT
This illustration shows the mechanical relation of the reduction pulley and the main shaft, S3
soon as the cam has arrived at its predetermined
station setting the relay releases and through its
contacts supplies current over lead "To battery
switch" to the A battery rheostat.
The push button and display lamp indicated
in the drawing together with a plurality of push
buttons and lamps are mounted in a button box
away from the tuning equipment, the latter as
suggested above are housed within the radio
cabinet. From the push button box there are
two wires for each button, a pair for the two
poles of the battery and a lead for controlling
the volume at the loud speaker. For a six-station
controlled set, there would be about 1 5 wires in
a flexible silk covered cable leading from the
position of the button box to the radio set.
The relays used are of commercial manufacture having resistances of approximately 200
ohms and operating on 6 volts. The magnet is
part of the construction of the tuning mechanism
and is wound to operate on a 6-volt battery at
about 1 5 watts. The battery used may be either
a 100-ampere storage battery or may be replaced
by an a.c. rectifier which would operate only
when required. Low voltage a.c. for operating
the relay and lighting the display lamp would
also be required if the storage battery is eliminated.
In the photographs, the relays referred to and
the magnetic clutch are marked. The motor,
which rotates at about 1750 r.p.m. is connected
to the device by means of a belt. Between the
motor shaft and the driving disc shaft the speed
is reduced to about 60 r.p.m. through the pulleys
on both the motor and the device and the reduction gears on the device itself. The magnetic clutch being energized by the relay as
mentioned above, is holding the driven disc
up against the driving disc causing the cam on

the left hand shaft to revolve clockwise and the
cam on the opposite shaft to revolve counter
clockwise.
The cam on the left hand shaft revolves at
about 60 r.p.m. while the cam on the right hand
revolves about 3 r.p.m. the reduction taking place
through the gears connecting the two shafts.
It will be noted that the tuning device and the
variable condensers are not directly connected.
The means shown permits a free movement of
the condensers through nearly 360 degrees. By
this feature it is possible to tune the radio set
manually to any desired station free of the automatic tuning device. The experimental model is
equipped to tune-in automatically only one
broadcast station, that station being dependent
upon the settings of the two cams. For each
additional station two more cams, one on each
shaft will be required. One additional relay will
also be required for each additional station. The
practical limit is probably about 10 or 15
stations.
For cases where there is another adjustable
tuning element in the radio set and which can
not be directly connected to a single control, it
is possible to tune automatically that element
independently. To do this a shaft is extended to
another device which is similar to that shown.
In this case, however, the only parts which require duplication are the cams and magnetic
clutch and the spur gears which connect the
upper shaft to the driving disc shaft.
The second relay shown in the photographs is
connected between the push button relay (shown
in diagramatic form in Fig. 1) and the motor.
The use of this relay merely separates the direct
current circuit used to operate the radio set
from the no-volt alternating current lighting
circuit which is used to operate the motor.
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of the line of power amplifier tubes designed for use with radio receivers, for according
to its designers, the power output is about as
large as may be obtained from a tube mounted
in a standard receiving tube base. The glass
bulb enclosing this tube, which determines the
amount of heat that can be dissipated, is as
large as is feasible using this base.
To what use can this power tube be put? What
advantages and disadvantages has it over other
types? Let us compare it with others to get a
clear picture of the relation between the 250
and other tubes.
Fig. 1 shows how the power output of this
tube compares with that of the other types of
power tubes at various plate voltages.
TABLE I
Plate
Undistorted
power
WATTS output in milliVoltage
250
112
171
210
40
90
130
330
90
120
135
195
157
500
180
700
140
900
250
340
350
925
2350
400
1320
3250
450
4650
1760
The figures in Table 1 together with data on
several push-pull combinations have been
plotted in Fig. 1. This graphic representation
of the power output of various tubes and combinations oftubes, as a function of plate voltage, serves well to illustrate the relative position
of each tube from the standpoint of power output.
When interpreting these curves, it should be
appreciated that a considerable increase of power
output is necessary in order to make the effect
appreciable to the ear. Twice the power output is
equivalent to an increase of 3 TU which is not
• very great, 1 TU being a just audible increase.
It is necessary that the available power be increased two or three times in order for the increase to be worth while.
The choice of which type of tube is used depends, obviously upon how much power output
is desired. If not more than 200 milliwatts are
required, the 1 12 may be used ; for a power output
up to 700 milliwatts the 171 type tube is used.
If greater power than this is required we can use
either a 210 or a 250 type tube. A more detailed
analysis of these two tubes, showing how their
power output varies with the applied plate voltage is given below.
POWER OUTPUT OF 210 TUBE
Plate
Power
Plate
Grid
Current
Voltage
(mA)
Output
(volts)
Bias
(Milliwatts)
250
18
10
340
27
16
340
350
450
1700
POWER OUTPUT OF 25018 TUBE 39
Power
Plate
Plate
Grid
Bias
Voltage
Output
Current
(volts)
1 Milliwatts)
(mA)
63
900
•250
28
45
84
2350
45
4650
55
350
450

This table is very interesting for it shows that
at all plate voltages, the 250 tube is capable of
delivering more than twice the power output of a
210 tube. For use in a straight amplifier (not
push-pull) the tube, from the analysis given
above, seems to be much the best for it is capable
of delivering much more power than any other
type of tube. When operated at maximum voltage, the 250 can deliver a power output of 4.6
watts which is about as much as can be obtained
from two 210 type tubes in push-pull. In the
following paragraphs a more complete comparison isgiven of a single 250 vs. 2 10's in push-pull.
POWER SUPPLY EQUIPMENT
A BOUT 450 volts are required in both cases
and the plate current requirements (about
40 mA. for 210's in push-pull and 55 mA. for a
single 250) are not sufficiently different to make
the power supply equipment much cheaper for
one of the two arrangements. In so far as the
power supply is concerned, therefore, there is no
distinct advantage in favor of a single 250 rather
than two 210's in push-pull or vice versa.
a comparison of cost
SINCE ordinary transformers are cheaper
than push-pull transformers it is somewhat
less expensive to construct a power amplifier
using a single 250 type tube than two 210's in
push-pull. For example, suppose that transcosting about
much as Amertran's
were to formers
be used
in the asamplifier,
SINGLE 250 TUBE
Input transformer
$10.00
Output device
10.00
One 250 type tube
12.00
One socket
1.00
Total
$33.00

PLATE VOLTAGE
FIG. I
How the power output of the 250 type power
tube compares with other types of power tubes,
at various plate voltages
74

210'S IN PUSH-PULL
Input transformer
Output transformer
Two 210 type tubes
Two sockets
Total

$15.00
15.00
18.00
2.00
$50.00

Here we see a distinct advantage in favor of
a power amplifier using a single 250 tube and
delivering to the load about as much power as
210's in push-pull, which will cost only about
65 per cent, as much as a push-pull amplifier.
a comparison of quality
IN THIS characteristic, the push-pull arrangement is theoretically better than the single
tube because the former arrangement eliminates
second harmonic currents — currents which represent distortion and which are passed on to
the loud speaker when only a single tube is used.
However, even with a single low-plate-impedance
tube suchcurrent
as the generated
250, there byisn't
second harmonic
the much
tube
in the load circuit when the tube is delivering
its rated power, or less for under the condition
that the tube is working into a load impedance
approximately
as greatof assecond
the tube's
plate
impedance thetwice
amount
harmonic
current in the output is not greater than 5 per
cent. — an amount of distortion which is considered small enough not to be appreciable to
the ear. If the load impedance is smaller than
twice the tube's impedance, there is more distortion; ifitof isdistortion
equal to due
the totube's
the amount
secondimpedance,
harmonic
currents will be about 15 per cent., this latter
figure being calculated from some curves on the
tube to be published in the Proceedings oj the I.
R. E. (" Development of a New Power Amplifier Tube," Hanna, Sutherlin, and Upp). The
impedance of many loud speakers, at the very
low frequencies, will be about the same as that
of the 250 type tube (2000 ohms) and therefore
there will be about 15 per cent, second harmonic
current generated by the tube. However, the
sounds created by musical instruments contain
many harmonics and the ear itself probably
generates others, so it may be that the above
figure of distortion is not large enough to be
serious.
The 210 push-pull arrangement has an advantage over the single 250 when the filaments
are to be operated on raw a. c. In the push-pull
amplifier, any hum due to the a. c. operation of
the filaments is cancelled out, while with the
single tube arrangement this does not occur.
However, the 250 tube uses a heavy ribbon type
filament (similar to that used in the 280 type
tube) which has a high thermal inertia tending
to prevent the production of any a. c. hum when
its filament is operated on raw a. c. The 250 type
has a low plate impedance, (about 1800 ohms)
and can therefore be used with ordinary loud
speakers without any need of an impedanceadjusting transformer. Two 210's in push-pull
have a plate impedance of about 10,000 ohms
and in this case it is best to use an impedance-
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adjusting output transformer to adapt the tube
impedance to that of the loud speaker. Although
an impedance. adjustment is not necessary when
using a 250 type tube, it is necessary to use an
output device to protect the windings of the
loud speaker from the high plate current of the
250 tube.
COMPARISON OF SENSITIVITY
UNDER this caption we discuss how the two
arrangements compare with regard to
power output for a given input voltage. Let us,
therefore, calculate the power output, for a given
input, for both arrangements. If each arrangement works into a load impedance equal to
twice the tube impedance, then, per volt input
squared, there will appear in the load the
amounts of power, as indicated below.
Arrangement Power in Load, Per
Volt Squared, on Grid
of Tube
Single 250
0.8 milliwatts
Push-pull 210's
3.0 milliwatts
In this table the 250 shows up very poorly,
being only about one-quarter as sensitive as
210's in push-pull. However, the turns ratio
of the average push-pull input transformer
available to-day is lower than an ordinary transformer and if we assume that with a single tube
the input transformer has a ratio of 4 and that
the push-pull transformer has a ratio of 2
(many push-pull transformers have a lower ratio
than this) between the primary and one side of
the secondary, we then obtain the following
figures:
Arrangement Power in Load, Per
Volt Squared, Across
Transformer Primary
Single 250
12.8 milliwatts
Push-pull 210's
12.0 milliwatts
These figures give a truer picture than those
given previously. The difference between the two
arrangements — a matter of 0.8 milliwatts per
volt squared — is too small to be appreciable to
the ear but at least we may be sure that an amplifier using a push-pull arrangement wilth average
transformer ratios and with 210 tubes won't give
any greater volume, with a given input, than an
amplifier using a single 250 tube.
This analysis, summarized in the accompanying table, shows the 250 tube to be about equal
to a 210 push-pull amplifier in most respects
excepting that of cost.
The complete characteristics of the 250 tube
are given in the table accompanying this article
which shows that this tube requires a plate voltage of about 450 volts and takes a plate current
of 55 mA. The power supply must provide this
amount of current and voltage. The loud speaker
must be isolated from this high plate current
by an output device.
In some cases it will be found possible to substitute a 250 type tube for a 210 tube in an
amplifier, but frequently this will not be possible
because the 250 takes three times as much plate
current as a 210 and the rectifier-filter system
may not be able to supply sufficient voltage at
this higher current drain. The higher current
drain may reduce the voltage output of the
power unit from 450 volts, when a 210 type tube
is used, to 300 volts or so and it is not worth
while to operate a 250 at this voltage. Under
such conditions the tube cannot deliver much
more power output than a 210 type tube,
operated at 450 volts.
allow one watt per loud speaker
THE 250 type can be used in a properly
designed push-pull amplifier and such a use
for the tube should prove useful where sufficient
power is required for the operation of several
loud speakers or for auditorium work. A push-

THE

NEWEST

POWER

TUBE

-CHARACTERISTICS OF THE TYPE 250 TUBE70
63
450 Maximum
Recommended
Plate Voltage
Volts
300
350
Milliamp.
84 Volts
45
54
Negative
Grid Bias
250
Plate Current
Ohms
28
55
55
35
45
400
1800
1800
2100
1900
Plate Resistance
(a-c)
1800
Mutual
Conductance
2100
2100 Micromhos
1900
2000
2000
2350
3.8
3.8 Milliwatts
3.8
3.8
Voltage
Amplification
Factor
4650
900
1500
Max. Undistorted Output
3250
3.8
Filament
7.5 Volts
1.25 Amperes
Max. Overall
Base
Large
Standard
UX
Diameter 2}J"
Height 6i"
Filter Choke Coils
15 henries or more

GENERAL CIRCUIT REQUIREMENTS FOR THE 25O TYPE TUBE
All values are indicated except the voltage dividing resistances which vary according to the receiver to be supplied

Comparing the 250 Type Tube With Other Power Tubes
IN THIS article the new type 250 power amplifier tube is compared with other power
* tubes now available. A summary of the points developed more fully in the article
follows:
(a). The maximum power output of is worked into a load impedance equal
a type 250 tube is 4.6 watts, which is to twice the tube's plate impedance,
about three times as much as can be rated output will be delivered to the
obtained from a 210 type tube and load without creating more than 5
about seven times as much as can be per cent, of second harmonic current.
obtained from a 171 type tube.
(/). The volume output of a single(fe). The power output of a single stage amplifier using a 250 will be
250 is about equal to the power that about equal to that from a push-pull
can be obtained from a push-pull
amplifier with type 210 tubes, assuming that the input voltage is the same
amplifier using 210 tubes.
in each case and that the transformer
(c) . The power supply equipment
necessary for the operation of the 250 feeding the 250 has a ratio of 4 and the
push-pull transformer has a ratio
type tube is about the same as is re- ofinput
2 (average figures).
quired for the operation of a push-pull
amplifier with 210 type tubes.
(g). A single 250 tube will supply all
the power, with plenty in reserve,
(d) . Because ordinary transformers
that will be required for the operation
are generally cheaper than push-pull
of any radio receiver in the home.
transformers, it is cheaper to construct
a power amplifier with a single 250 Where only moderate volume is required, smaller tubes such as a 171,
type tube than it is to construct a
may be used but where reserve power
push-pull
(e) . An amplifier
amplifier with
using210's.
a 250 will is desired to take care of greater
give excellent quality. When the tube volume, the type 250 may be used.
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pull amplifier with 250 type tubes will be
able to deliver to a load about 12 watts of
voice frequency power — which is no mean
figure! A push-pull amplifier using 210 type
tubes, outputting about four watts, can
be used to supply about four loud speakers,
and a push-pull amplifier with 250 tubes
will be able to supply about fifteen loud
speakers, assuming in both cases that each
speaker will require about one watt of energy.
In a home installation a single 250 tube
should give all the power that will ever be
required, with plenty in reserve.
Several manufacturers have already announced apparatus suitable for use with the
250 type tube. The General Radio Company has designed a complete line of
transformers, filter units, and output devices for use with the 250 tube and a
description of this apparatus will be found
in the New Apparatus section of this issue.
The Silver-Marshall Company has designed two amplifiers for the use of the 250
tube; one a single-stage affair, and the other
a complete two-stage amplifier. The twostage amplifier is illustrated herewith. It
uses a type 226 tube in the first stage and
a 250 in the second stage. Plate supply is

Lefax Radio Handbook — (Seventh LooseLeaf Edition). Published by Lefax, Inc.
Philadelphia, Pennsylvania. Subscription;
$5.00 a year.
THIS Lefax Handbook is in the familiar
form of a loose-leaf notebook about seven
by five inches. The first chapter, "What
Radio
is largely a summary
various
uses of Does,"
radio communication,
from ofthethedistribution of time signals to television, with some discus ion ofspecial devices like chain broadcasting.
Next, under " Fundamental Principles of Radio"
the behavior of direct and alternating currents,
waves, and modulation methods is described.
The following chapters are on " Elements of
Receiving and Transmitting Apparatus." "Assembly of Receiving Sets," "Operation of Receiving Sets and Their Accessories," "Antennas."
The next-to-the-last section contains conversion
tables, definitions of radio terms, codes, formulas,
tube characteristics, etc. A complete index is
supplied. The material is gleaned from such
journals as the Proceedings of the Institute of
Radio Engineers, the Bell System Technical
Journal, Bureau of Standards publications.
Radio Broadcast, manufacturers' bulletins, etc.
It is clearly abstracted and an extensive survey
of practical radio engineering material is crowded
into this loose-leaf book. The editor is Dr. j. H.
Dellinger, Chief of the Radio Laboratory of the
Bureau of Standards. The system is based on the
issuance of sixteen sheets a month, ready to be
inserted in the binder. Obviously the rate of
prog -ess of radio technology is such as to require
some such scheme as a supplement to scientific
textbooks which can appear only in widely
separated editions.
Radio Engineering Principles, by Henri
Lauerand Harry L. Brown. Second Edition,
January, 1928. McGraw-Hill Book Co.,
Inc. 301 pages. $3.50.
THIS text, first issued in 19 19, follows
Morecroft into a second edition. Unfortunately the death of one of the authors,
Harry L. Brown, occurred just before the volume
appeared. With Mr. Lauer, he was able to com-
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plete acreditable piece of work before he died.
The book is less extensive than Morecroft's, but
it is excellent for those whose requirements are
satisfied with a shorter and less expensive text.
The treatment is based on the electron conception of matter, with only moderate resort to
mathematics and no recourse to mechanical
analogies, with which, frequently, the student is
even less familiar than with the radio theory he
wants to learn. The book, as the title indicates,
is concerned with principles rather than with
concrete apparatus. It begins with a consideration of the underlying electrical theory, the
properties of oscillatory circuits, antenna systems and radiation, proceeds to a description
of damped and continuous wave telegraphy,
devotes four long chapters to vacuum-tube
theory, and ends with chapters on radio telephony and miscellaneous applications of radio.
The principal additions to the first edition
are in the chapters on three-electrode tubes.
Numerous special topics, such as aircraft radio
compass work, the mathematical theory of the
push-pull amplifier and frequency doubler, the
theory of the balanced modulator, piezo-electric
resonators and oscillators, are adequately treated.
The book is a very scholarly presentation. Pages
69-73 contain one of the few adequate descriptions of the wave antenna to be found in radio
texts. The references to little known articles,
especially foreign sources, are alone sufficient
to warrant inclusion of the second edition in
every radio engineer's library.
A Popular Guide To Radio, by B. Francis
Dashiell, The Williams and Wilkins Company,
Baltimore, 289 pages, $3.50.
THIS book is written for the non-technical
reader, according to the publishers. The
author is only incidentally a radio man; his regular employment is in the Weather Bureau at
Washington. The job of presenting the principles
and mechanism of radio appears to this reviewer,
who is a professional radio man and technically
inclined, to have been competently done. Apparently Mr. Dashiell knows quite as much
about the art as if he had lived in it all his life.
But it is not clear, and this book does not make
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obtained from a rectifier-filter system using
two type 281 tubes in a full-wave circuit.
A glow tube is used. The single-stage amplifier is similar to the two-stage unit that
is illustrated except that the apparatus for
the first stage is omitted. This latter amplifier may well be used to replace an
unsatisfactory last-stage amplifier in any
radio receiver. From both of these amplifiers can be obtained the necessary B voltages for the operation of the other tubes in
the receiver proper, and in addition the
two-stage amplifier will also supply a. c.
voltages for the filaments of any a. c. tubes
that may be used in the set. The two-stage
amplifier is also especially satisfactory for use
with a phonograph pick-up to play phonograph records. Both of these amplifiers can be
home constructed with little trouble, from
data obtainable from Silver-Marshall through
Radio Broadcast.
A COMPLETE A.C. AMPLIFIER
This commercially available unit
employs
cx-350
the sets
powerof
tube. The one
second
and asthird
binding posts at the top, reading
from the left supply a.c. filament
voltages for the set. This unit is
from Silver-Marshall

it clearer, just how a technical subject can be
expounded to a non-technical audience. In so
far as A Popular Guide to Radio elucidates and
instructs, it is moderately but quite definitely
technical. It is not made less technical by the
insertion of a frontpiece showing Carlin and
McNamee broadcasting a football game. If
"non-technical" means free from mathematics,
then the book is non-technical, true enough.
But this merely results in passages like the following description of "Impedance in an Alternating Current Circuit": "A circuit may have
inductance and capacity in addition to its
natural electrical resistance when an alternating current is flowing. When this combined reactance and natural resistance operates to obstruct the flow of an alternating current it is
known as the impedance. However, as inductive
and capacitive reactances are the reverse of each
other, the total reactance of a circuit is the difference between the two reactances measured in
ohms and giving the impedance designation to
the predominating reactance. The electrical resistance inohms cannot be added to this total
reactance to obtain the impedance. Graphically,
they should be combined as straight lines in proportionate lengths. Assuming them as two
forces acting together at right angles, their
resultant is the impedance." This sort of writing
is neither wholly accurate, readily comprehensible, nor compact. Its somewhat puffy and labored quality arises from the fact that it is the
wrong way of doing the thing. And incidentally
impedance is just as natural as resistance.
When Mr. Dashiell does not attempt the impos ible he turns out a creditable piece of work.
There is a lot of sound, up-to-date information, with a few platitudes intermingled, and
here and there a debatable statement, such as
that on page 170 about the neutrodyne circuit,
where the names of Hogan, Hazeltine, and Atwater Kent are mentioned, and not a word about
Rice and Alexanderson. The photographs are
well-chosen and the figures nicely drawn. After
reading it one is left with the impression that
this is a worthy book, but exactly for whom was
it written?
— Carl Dreher.
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• H. WENSTROM
Lieut., Signal Corps, U. S. A.

of the most fascinating fields of radio
SOME
lie outside that narrow band in which the
broadcasting stations do battle. Voice and
music from Europe, code from tossing ships or
lonely airplanes, faint signals from amateurs at
the antipodes or explorers in arctic cold and
equatorial heat — all these are echoing along the
lanes of the ether. To hear them we must have a
receiver that is simple, reliable, accessible, efficient and flexible. As the Navy recently applied
the name "Cornet" to an unusually flexible
transmitter, so this receiver, able to shift rapidly
from one frequency to another — to play a variety of tunes — is also called "Cornet."
The general design is apparent from the circuit
diagram, Fig. I, and the photographs. For simplicity we go back to that venerable amateur
mainstay, a capacitatively controlled regenerative detector with one stage of audio; and we
avoid tuned radio-frequency and screen-grid tube
arrangements. On the front panel are one main
and two auxilliary controls, while two adjusting
controls are on the sub-panel.
Reliability is secured by using the best parts
that we can buy. We avoid the pitfalls of some
poorly made pig-tail condensers, noisy grid leaks
and the like. Each radio part must meet two
exacting standards — the electrical and the
mechanical.
Accessibility is often neglected in radio design.
The best set in the world will occasionally develop
trouble, which must be located and remedied at
once. This set is accessible because of sub-panel
construction and general openness of design.
In pure efficiency, the regenerative detector
has never yet been equalled. Unusual features of
this set include a micro-vernier condenser of
about 3.0-mmfd. maximum capacity and a grid
biasing potentiometer which controls the sensitiveness, selectivity and oscillating characteristics of the detector tube. All three tuning condensers are mounted directly against a panel
backed with aluminum which in turn is connected
through the sub-panel brackets to ground; so
that body capacity, as found in the usual shortwave receiver, simply does not exist.
Above all, the receiver is flexible. The SilverMarshall plug-in coil system is used on account
of its electrical efficiency, convenience, and compactness. The set is primarily designed to cover,
with four coils, the range from 14 to 200 meters.
Thjs range is obtained by using a tuning condenser somewhat larger than usually recommended by Silver-Marshal. Additional bands
can be covered, as desired, by extra coils.

CONSTRUCTIONAL DETAILS
Hp HE arrangement of parts is shown in the
* photographs. First, drill the metal and insulating front panels; then assemble the front
panels, the sub-panel brackets, and the subpanel. All are bolted together with small nickeled machine screws. For best appearance, the
front panel should slope back about 1 5 degrees
from the vertical.
Three Cardwell condensers, with their associated General Radio dials, are mounted on the
front panels. The right condenser, viewed from
front panel, is of 0.00025-mfd. maximum capacity, and may be either the old, flat-plate type,
which sells very cheaply in many stores, or the
new taper-plate type. The left condenser should
have a maximum capacity of about 0.000165
mfd. This is obtained from an old type 0.00025
by remoying two rotor and two stator plates,
leaving four rotors and three stators. If the old
type 0.00025 cannot be secured, the new taperplate 0.00015 may be used, though with this
latter condenser, minute uncovered frequency
bands will appear between the coil ranges. Of
course, the coils may be slightly redesigned to
cover these breaks; or the standard S-M coils
C \ HE set described here by Lieut. IVenstrom has
■*■ two features unusual in receivers designed to
cover the high frequencies: (a), a potentiometer
across the A battery to adjust the bias voltage on
the gird of the detector so that the best operating
point may be found; and (b), a small vernier condenser across the main tuning condenser to enable
the operator to tune very closely to a given frequency, or to follow a fading signal with greater
ease. On test in the Laboratory, this receiver worked
very well, 5 sw at Chelmsford, England, being heard
at 6 p. m. E. S. T ., without difficulty. The biasing
potentiometer adds much to the sensitivity of this
set. It is common amateur practice to use a highratio transformer, working out of the detector into
the first audio tube. Lieut. IVenstrom has used a
low ratio transformer which provides better reproduction when the set is used for receiving shortwave broadcast transmissions. A vernier dial with
a greater reduction ratio than the one employed —
such as the Karas — might make tuning somewhat
easier, perhaps even obviating the necessity for the
auxiliary tuning condenser.
— The Editor.

may be used, with some loss of tuning range.
The center condenser is a Cardwell "Balancet"
of the smallest size, with all plates removed except the back stator and the front rotor. The
"phones" jack is placed at the lower right corner
of the front panel, insulated from the metal
by a bushing of bakelite, hard rubber or fibre.
Because the set must often be switched on and
off without jarring it or disturbing the wavelength setting, an external knife switch is used
by the writer rather than a filament switch on
the panel.
On the upper side of the sub-panel are mounted
the coil socket, the two tube sockets, two filament ballasts, two grid leaks and knobs for the
antenna condenser and the potentiometer. On
its lower side are the potentiometer, the audio
transformer, the r.f. choke, the grid condenser,
and the antenna coupling condenser, for which
a Silver-Marshall midget is chosen because of its
low minimum capacity. The binding posts are set
into the back edge of the sub-panel. The amplifier grid leak is clipped in when wanted for phone
work; the glass casing of the detector grid leak
should be washed free of paper and glue.
Wiring is best done in definite steps. The filament circuit is first wired and tested. Then come
the other circuits in natural order: antennaground, detector grid, detector plate, amplifier
grid, and amplifier plate. Grid leads, of course,
are reasonably short, and all leads are fairly
straight without sharp angles. Though No. 14
wire is used in places for rigidity, most of the
wiring is done with solid, rubber covered wire
of about No. 20 size, known in telephone parlance as "pothead" wire. It is plainly absurd to
insist on large wire leads in series with coils, high
resistances and the like. Acme Celatsite is also
quite satisfactory and convenient.
The four plug-in coils are those supplied in the
Silver-Marshall No. 1 17 short-wave set, rewound
with No. 26 enameled copper wire except as
otherwise indicated. They are completely described in the coil table. Three optional extra
coils are also listed.
The detector tube is preferably a Ceco type
"H," though it may be any good make of high-mu
tube, or even one of the 201-A type. [The 201-A
is satisfactory as a detector in this circuit, of
course. If the Ceco type H, or other special
detector tubes, or even a standard high-mu tube
is used, the "gain" will increase. However, in the
latter case, quality may be impaired to some
extent when this set is used for headphone reception.— Editor.} The amplifier tube is a 201-A.
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TABLE

COILS
for rewound
the first four
below copper
are those
Silver-Marshall
coil set,
with bands
No. 26listed
enameled
wire,supplied
except inas the
otherwise
indicated No.
in the117lastshort-wave
column.
Remarks
Tickler Turns
Band
Coil Range
Grid Turns
No. 24 wire, with triple (the
3
20 m.
3
14-28 m.
standard S-M) spacing
40 m.
GridS-M1 less;
tickler 2 less than
26-52 m.
standard
ing.
15
Grid
3
more;
tickler 2 less.
80 m.
51-110 m.
Grid, 10 more; tickler same.
160 m.
100-200 m.
2
3
No. 24 wire; quadruple spacShortest wave 10-21 m.
36
16
Ship waves
550-1100 m.
Standard S-M No. 111-D
Long wave
Standard S-M No. 111-E
1100-2000 m. approx.
No cabinet is included in the plans, as a small
writing desk serves the purpose, and the builder
may have his own especial preferences anyhow.
OPERATION
TO place the set in operation, connect the
6-volt filament leads, see that the tubes light,
and then connect the 45-volt B battery. Next,
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CALIBRATION
C"OR maximum usefulness, all coils should be
* carefully calibrated. The data, including the
settings of the left dial for various wavelengths,
may be plotted as a graph, which is scientific
and thorough (see Fig. 2) ; or they may be listed
in a table, which is more convenient to read.
Such a table for the 40-meter coil employed by
the writer is: 0-26W., 13-30W., 36-37. 5m., 4540m., 59-43111., 100-52WZ. While this table is
approximately correct for the set here pictured,
changes in detector tube, wiring and variations
in coils used by those who duplicate this set, or
other circuit constants would make it practically
useless for another. Each set must be calibrated
individually.
First, a wavemeter must be bought, borrowed
or made. Then, the left receiver dial is set at
some convenient reading (say O), the antenna
condenser is set to minimum, the vernier to 50,
and the right dial to two points above oscillation.
Place the wavemeter coil in what would be a

goes smoothly into and out of oscillation. In
general, the potentiometer arm is turned toward
the positive side of the circuit for phone work and
slightly toward the negative side for code reception. As the left dial is moved to a higher
reading, a correspondingly higher reading on
the right dial will usually be necessary to produce
oscillation. If the r.f. choke is doing its work,
there should be no "dead spots" in the tuning
range. At any wavelength setting of the left
CALIBRATION CURVE
40 METER COIL
dial, the most sensitive right dial setting for Plate _}
phone is just below or at the oscillating point;
Details of Coil Fotm
for code, just above it.
With these preliminary tests completed, the
set is connected to the ground and to the antenna, Coil
a single wire anywhere from 20 up to 750 feet in
length. [A small indoor antenna with this set in
most locations will probably serve very well
FIG. 3
for all purposes.. — Editor.] The 40-meter coil Grld.,< — — '
being in place, signals should be heard as the
left dial is moved over its entire range, for this
30 40 50 60
band is busy at any hour of the day or night. Coil s
DIAL SETTING
If any "dead spots" now occur, blame them on
General instructions on altering the coil form
the antenna, and decrease the antenna coupling
FIG. 2
for the 20-, 40-, 80-, 160- and 10-meter bands.
condenser to the point where they are not trou(See the coil table on this page)
Calibration curve of the 40-meter coil and conblesome. This antenna condenser is always set
denser combination used in this set. Slight electri- at the maximum capacity which will not interfere
cal differences in parts used by constructors may
with the convenient operation of the oscillation
make their calibration different from this
prolongation of the set coil, and rotate the wavecontrol. After a signal has been tuned-in with
meter dial slowly. Two "plops" are heard, one
the left dial and brought to full strength with
as the set goes out of oscillation and another
place one of the coils, say the 40-meter one, in the right one, apply the finishing refinement of as it goes back into it. Now move the wavethe coil socket. With the left-hand condenser set tuning with the center dial and its diminutive
meter alittle farther away, and repeat the percondenser. This control is so fine that a single
at any reading, increasing the right-hand conformance until the two "plops" are practically
denser should put the set into oscillation with a beat note spreads over 5 to 10 degrees, and the one. Or note
the point midway between the two
beat"
for
phone
reception
is
easily
proweakly audible "plop." The potentiometer is "zero
"
plops."
This
point on the wavemeter scale is the
wavelength to which the receiver is tuned. The
adjusted to minimize this " plop" so that the set duced.
left dial is now moved to a new setting and everything isrepeated. All the coils are calibrated in
\7
the same way. If you wish to find the receiver
dial reading for any particular wavelength, set it
25 mmfd.-Hh
on the wavemeter and rotate the receiver dial.
A wavemeter is simple enough to make. The
1
for
Phone\ V?
^ °5
C-. ..150-250 mmfd. „
RFC
Optional
basic circuit consists essentially in a coil and a
variable condenser. The homemade product must
be calibrated from a standard one. By checking
both against the receiver, data is secured for
a homemade wavemeter curve similar to the
curve of Fig. 2. Of course it is possible to calibrate one's receiver by picking up signals from
well-known stations. For example the amateur
40-meter band is bounded by naa at about 37.4
1
meters at one end and by wiz at 43 meters at
the other. Standard frequency signals are sent
out at regular intervals by wwv, the Bureau of
Standards station, (see page 84) and others.
WHERE TO FIND THE STATIONS

FIG. I
Circuit diagram of Lieut. Wenstrom's receiver

\A 7 E NEED have no illusions about the qual' » ity of short-wave broadcasting, nor any
fear that it will replace the present system of
allocation of stations in the 1500-550-kc. band.
Fading is usually quite severe, and the signal
strength of distant stations varies widely from
day to day. In America, wgy on 21.9 and 32.77
meters and kdka on 25 and 62 meters transmit

only by the skill and patience of the operator.
And what more could he ask?
THE PARTS WHICH WERE USED
THE following list of parts gives the apparatus
79
used in the writer's receiver. Naturally, other
parts, electrically and mechanically similar may
be used. Coils and condensers mentioned here
are of well-known manufacture and have been
altered in ways indicated in the text.
Ci
C2
C3
C4
C5
Li,
L3
Ri
R2
the regular programs of their standard-wave
broadcast plants. Their signals have world-wide
range, and quality dependent on the atmospheric
and Heaviside layer conditions. In England,
5 sw at Chelmsford carries the regular London
programs on 24 meters, and is heard any weekday
afternoon up to 7:00 p. m. E. S. T. Reception of
this station is really good perhaps one or two
days a week. The signal of pcjj at Eindhoven,
Holland, is weaker and more variable than that
of 5 sw. It comes through at present late Tuesday, Thursday, and Saturday afternoons (Eastern time). So far, these two have been the only
foreigners regularly heard, and their programs
have appealed chiefly by their novelty. Perhaps
within a few years most important nations will
have high power, short-wave telephone transmitters, and fading will be minimized by separated, synchronized transmitters or some such
scheme. Then international broadcasting will
truly begin, and this receiver will be able to
choose its programs between five continents.
For one who reads code the pleasures of this
receiver, and of all radio, are greatly extended.
naa at Washington, on approximately 24.9, 37.4
and 74.8 meters, broadcasts weather at 8. 1 5 and
10:30 a. ni. and p. m.; time at 12:00 noon and
10:00 p. m.; and press at 1.30 a. m., E. S. T.
Station npg at San Francisco, on 36 and 72
meters, sends weather at 6:15 and 7:30 a. m.
and p. m., P. S. T. To keep up to date on these
schedules, one must consult the weekly radio
sections of large newspapers. [A list of Navy
transmissions appeared in this magazine for
May, 1928. — Editor.] The biggest nuisance in
the short-wave spectrum is the harmonics of
long wave broadcasting stations, which delude
the listener in this short-wave section of the band
into thinking he hears something new.
Many important exploring expeditions transmit code. Most of them favor the waves around
30 meters. This summer there will be at least
one expedition near the North Pole, one near the
South Pole, plenty of transocean flights, and
at least one round-the-world dirigible flight.
Some far distant amateurs come in from
18 to 24 meters during many of the daylight
hours, though most of these experimenters use
the 40-meter band. In this region, Europeans
between 43 and 47 meters, just above the United
States band, begin to be heard about an hour or
two before sunset. Before sunrise signals from
the Australians and New Zealanders come
through around 33 meters. There are some

United States amateur telephone stations between 84 and 85 meters.
Six hundred meters is the international marine
calling wave. Rapid dots and dashes from ship
sparks are always audible near the seacoast. On
this wave, too, sounds at times the staccato
sos for which broadcasting stations shut down.
Copying signals from a ship in distress and the
vessels going to her assistance is the most exciting
thing in radio. Of course it is in no sense a pleasure; the lesson of Robert Louis Stevenson's
Merry Men is plain. For actual message handling, ships use waves around 700 and 900 meters.
On 1000 meters in foggy weather, the coastal
radio beacons flash their distinctive groups.
Radio compass bearings are given on 800 meters.
For data on the coils which cover all the bands
discussed in this article, see the table on page 78.
This "Cornet" multiwave set opens the door
to reception interesting and unlimited, or limited

R3

Cardwell type 141-B 250-mmfd. variable
condenser, (revised as indicated in the text)
Cardwell Balancet 5-mmfd. (approx.) variable condenser
Sangamo 150-mmfd. fixed condenser
Cardwell type 141-B 250-mmfd. variable
condenser
Silver-Marshall type 340 midget condenser
L2 Coils wound on Silver-Marshall forms
(as described in text)
Silver-Marshall Type 275 R.F. choke
Tobe Tipon 6-megohm grid leak
General Radio type 301, 200-ohm potentiometer
mountings
Daven
J-ampere filament ballasts with

Ri Tobe Tipon
0.5 megohm resistance (optional, see text)
Ti Thordarson small type 2:1 audio transformer
1 Silver-Marshall coil socket type 515
1 Benjamin navy spring type socket
1 Hoosick Falls navy plain type socket
2 Grid leak mountings
2
Knobs, Kurz-Kasch, 1 5-inch
1 General Radio type 303 4-inch vernier dial
1 General Radio type 317 4-inch plain dial
1 General Radio type 310 2f-inch plain dial
51 Eby
Pacentplain
openbinding
circuit posts
jack
1 Insulating bushing for jack
1 panel 7" x 14", hard rubber or bakelite
1 back panel, 7" x 14", aluminum
1 Sub-panel, 4" x 14", hard rubber or bakelite
2 Benjamin adjustable sub-panel brackets

Radio Broadcast Photograph
HOW THE MULTIWAVE SET LOOKS FROM THE TOP
Four of the coils used are shown with their convenient adhesive tape labels

AN INSTRUMENT
OF WIDE USE TO
EVERT
RADIO EXPERIMENTER
With an inexpensive milliammeter arranged as described in
this article, a portable and
very
usefulThemeasuring
set can
be made.
set will measure
practically all of the common
d.c. voltages and currents up
to 5 amperes and 1000 wits.
It is especially useful in testing B power units. The crystal
detector circuit ma\es this unit
useful asdicatoranin transmitter
r.f. resonance
incircuits

From.

Milliammeter

to

Multimeter

G. F. Lampkiin

PERHAPS one of the fundamental reasons
why electrical science has grown so tremendously inits comparatively short life
span is the ease and accuracy with which electrical measurements can be made. An ability
to determine accurately the magnitudes and relations of the quantities involved in any work
naturally leads to intelligent interpretation and
utilization of those quantities. Applying the last
statement to the radio worker, an ability to measure the B-battery voltage at 17 volts per 22-volt
block is much more conducive to results than
wondering if low. B batteries are spoiling the reception; and plugging-in to measure the plate
current of a tube can be made to save many
minutes, if that particular tube has gone dead.
It is surprisingly simple to take a low-range
milliammeter and make an almost universal
measuring instrument of it. The instrument can
be made to measure the whole gamut of d.c. radio
voltages, from the voltage of a dry cell on up
through the various A, B, and C voltages to
those used for plate supply in transmission work.
Starting with a meter of one milliampere fullscale deflection, the current range can be run up
as high as desired ; and then the meter can be used
for indicating a few other quantities on the side.
The extension of the milliammeter range to read
both voltages and currents of various magnitudes
is accomplished by means of what are known as
multipliers and shunts.
Suppose two resistors are put in parallel in a
circuit; the current will naturally divide, part
going through one resistor and the rest through
the other. An idea as to how the current divides

through the two paths can be had if the values
of the two resistors, Ri and R2, are known. The
current, I2, in resistor R2 is equal to:
Kin + nK2 X Total Current
And similarly, the portion Ii in the path Ri is
equal to:
= — 1 D x Total Current
Ki + Ko
The idea of the shunt is to bypass a part of the
total current around the milliammeter, and let
only enough current go through the latter to give
full-scale deflection when the total current to be
measured is flowing. If the total current is less
than that required to give full-scale deflection,
with a given shunt, the meter reading will be less
in the same proportion. By properly choosing the
resistance of the shunt, the meter can be used to
read any magnitude of total current. If the shunt
resistance is very low, the meter can be used to
read large total currents; or, conversely, if the
shunt resistance is high, small currents can be
measured. With no shunt, the meter of course
indicates the current as shown by its scale.
Another consideration in choosing the shunt,
besides its resistance, is its physical size. The
shunt must be of large enough carrying capacity
that it does not get hot when passing its part of
the current. If it should get hot, its resistance
would change and destroy the accuracy of the
readings.
To use the milliammeter
as a voltmeter reNo
quires amultiplier. The latter is simply a resistance that is connected in series with the

meter. Suppose the milliammeter, with a current
scale of 0-1 milliamperes, has a resistance of 3
ohms. With full-scale deflection, the voltage drop
across the meter is 0.001 amperes times 3 ohms,
or 0.003 volts. Another way of stating the requirement for full-scale deflection of this meter
is, therefore, to say that 0.003 volts must be impressed across it. When the multiplier is placed in
series with the meter, its resistance causes a
voltage drop, and leaves remaining a small value
of voltage to operate the meter. By choosing the
right values of series resistances, the meter can
be used to measure a wide range of total voltages.
For a meter resistance of Ri ohms and a multiplier resistance of R2 ohms, the voltage on the
milliammeter will be:
„ ^' x Total Voltage.
Kj + K2
The economy resulting from the use of shunts
and multipliers is obvious. A 0-1 Jewell d.c. milliammeter can be had for $7.50 list. With this one
meter as an indicator, as many shunts and multipliers as desired can be made, at a fraction of
the meter cost, and each shunt, or multiplier, will
extend the use of the meter.
The meter shown in the photographs is designed to cover pretty well the field of d.c. measurements inradio. In addition, it utilizes a fixed
crystal detector to yield an instrument somewhat similar to a thermo-galvanometer. While
it cannot, in the latter role, be calibrated to read
actual current values, still it is extremely useful
in radio- and audio-frequency measurements,
for showing relative values, or for indicating re-
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sonance or null settings. The plug-in system
which is used makes it a matter of seconds to
change from one range to another, or from voltmeter to ammeter, or a.c. indicator. In the particular instrument shown, the layout provides
for five current ranges: 0-1 mA., 0-10 mA., 0-100
mA., 0-1 Amp., and 0-5 Amps. The voltage
ranges are 0-10, 0-100, and 0-1000 volts. The a.c.
indicator requires approximately 5 mA. a.c. for
full-scale reading. Fig. 1 gives the panel and
cabinet layouts.
In Fig. 2 is given the diagram of connections.
The double plug is simple to construct. The
material for it is cut to shape as shown in Fig. [.
and then two General Radio type 274P contact
plugs are screwed into the two threaded A slots.
The receptacles for the double plug consist of
General Radio type 274J jacks.
Only one connection to the double plug is
needed when the instrument is used as a voltmeter or a.c. indicator, so the rear sockets for
these connections are left blank on the panel top.
Thus a total of fourteen 274J jacks will be necessary. For appearance's sake, however, the blank
holes might be hidden by using four more jacks,
to which no connections are made. The negative
binding post is made common for all the functions
of the meter. It is brought out at both sides of the
panel to facilitate connections. The milliammeter
is placed in the negative side of the circuit so
that it will be at ground potential when the device isused as a voltmeter. The positive binding
posts are separated for the three functions of the
meter. This makes for safety in that it lessens the
chance of using the ammeter connection when
trying to measure a voltage. It also allows connecting the device in the circuit to measure both
voltage and current, and doing one or the other
by changing only the plug. The end of the carborundum detector marked "A" by the manufacturer goes to the positive binding post. The
0.0005-mfd. condenser is shunted across the
meter to protect it from radio-frequency currents;
its use is not an absolute necessity, however.
The supports for the shunts, multipliers, and
detector are made of bus wire. The common rear support for the three multipliers is made of sheet copper or tin.
The multipliers used are Tobe Veritas
5-watt resistors. The power expended
in the resistor for the higest range is
1000 volts times 0.001 amperes, or only
1 watt, which is sufficiently low to
avoid heating the multiplier.
The table of Fig. 2 shows the shunts
that are used for the different ranges.
For the lower ranges, i.e., 10 and 100
milliamperes, No. 32 tinned hair wire
was obtained from the hardware store.
The io-milliampere shunt is so long
that it must be wound on a form, the
dimensions of which are given in Fig. 1 .
The other shunts are short enough to be
suspended between their bus-wire supports. The smallest sizes of copper wire
consistent with freedom from heating
effects are used as shunts for the higher
ranges. Smaller sizes than these should
not be used; should larger sizes be
used, the lengths given in the table
must be increased. The lengths specified may be slightly on the long side,
in which case they should be clipped
when calibrating. All the connections
in the instrument should be soldered.
As shown in the photograph, the connections between the top panel and the
meter are flexible; thus the top panel
can be turned over to an easily accessible position when adjusting the
shunts. It is wise to mark the sockets

M ILLI AMMETER

THE FINISHED

TO

MULTIMETER

INSTRUMENT — INSIDE

plainly with the appropriate data — 100 Volts,
1 Ampere, etc.
CALIBRATION
THE calibration of the meter is the most important part of the job. The straightforward
and accurate method is to compare the meter
directly with standard instruments. It should be
possible for the experimenter to obtain the use of
voltmeters and ammeters from a friend, a radio
dealer, radio laboratory, educational laboratory,
power company, or other such source. But, failing
in these, it is still possible to obtain reasonably
accurate calibrations. In any case, the readings
of the meter should not be relied upon for greater
accuracy than two or three per cent.
To compare the voltmeter ranges of the device
directly with a standard voltmeter, the two in-

&

Drill No. 17 •„
h

Top Panel

struments should be put in parallel and con
nected to the voltage source, as in Fig. 3. The
81
source may consist of a storage battery or dry
cells, for the ten-volt range, and a bank of B batteries, or a B device for the higher ranges. Both
meters should be connected when the readings
are made, and the latter should be taken nearly
simultaneously. It is not necessary to take more
than three or four points uniformly spaced along
the scale. If only one or two readings are possible,
these should be made near the top of the scale.
On a piece of graph paper a scale from o to 10
should be drawn on the horizontal axis, to correspond to the meter scale. A scale from o to 1000
is drawn vertically to correspond to the readings
of the standard instrument. When the calibration
points for the 10-volt range are plotted, the vertical scale is assumed to run from o to 10, that is,
the decimal point is placed by inspection, andthe curve is labeled 0-10 volt range. The points
for the 100- and 1000- volt ranges are treated
similarly, so that the entire voltmeter calibration
is on one sheet. The calibration curves are really
straight lines running through the zero point.
One accurate point is sufficient to determine the
line, but more than one serves as a check. If all
the points do not lie on the line, the latter should
be made to run an average course through them.
The calibration curves for the particular meter
shown are given in Fig. 4. It must be borne in
mind that these curves will fit no other meter.
The drawing of the calibration curves is necessitated bythe inaccuracies of the resistance values
of the multipliers. The i-megohm multiplier
should have yielded a full-scale range of 1000
volts, where in fact it gave only a range to 702
volts. In other words, its resistance is 702,000
ohms, and not 1,000,000 ohms. Incidentally,
when using a 0-1 milliammeter as indicator, the
number of thousands of ohms in the multiplier is
equal to the full-scale range of the voltmeter;
i.e., a 1006-ohm resistor gives a i-volt range, a
10,000-ohm resistor a 10-volt range, etc. The disadvantage ofthe inaccurate resistor is only that
the calibration is not a multiple of 10. Once the
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FIG.
Layout for panel and cabinet of the useful home tester described here. The photograph above shows the disposition of the shunts, meter, and fixed detector

82

RADIO

BROADCAST
no standard meter is
available, place the
meter in the circuit,
plug in on the 1 -milliampere range, and adjustactlythe1milliampere.
current to exThen
plug-in range;
on * theif
10-milliampere
the reading is high,
shorten the shunt — or
vice versa. Bring the
reading to exactly 0.1
on the scale, corresponding to 1 milliampere on
the 10-milliampere
range.
Finally,
re-check
the current
on the
lower
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it was 0.500 amperes, and for a ux-171 it was
0.493 amperes, at the same voltage.
The a.c. indicator is the part of the device
that needs no calibration. If it were calibrated,
the readings might be 50 per cent, off the next
day. It is, however, a most convenient attachment. With a loop of wire connected to its terminals and coupled loosely to a radio-frequency
circuit, it will show resonance points sharply.
This function is of course applicable to waveJ
VOLT

tCAU
UETEI

0NS
BRAT] Rang
' 100

Range

range.
For range,
the 100» Volt
10 Vol
sS
milliampere
set
S
the filament voltage at
T
the socket terminals of
1y
Volt Range
a 199 type tube at 3
r
volts. The previously
calibrated 10- volt voltV s
meter may be utilized.
V s
Then with rheostat set— -—
SHUNTS
ting
unchanged,
remove
Vs s
R, 10 mA. 7H Feet No. 32 Tinned Hair Wire
the voltmeter and place
FIG. 4
R2
100
mA.
4
Inches
No.
32
"
"
"
the 100-range milliam— jy' '
R3 1 Amp. 9 Inches No. 26 Copper Wire
meter in series with the
R4 5 Amp. 7 Inches No. 20 "
filament. Change the
MULTIPLIERS
SCALE READING
shunt till the meter
Tobe
Veritas
10,000
Ohm
R5 10 Volts
reads 60 milliamperes.
100,000 Ohm
R6 100 Volts
Calibration curves made by the author for me1 Megohm
R7 1000 Volts
Again re-check the voltter used in the original model. These calibrations
age.
The
same
procedure
are not standard, varying with apparatus used
FIG. 2
by the individual constructor
may be followed in caliCircuit connections and values of apparatus
brating the 1- and 5ampere scales, by using
instrument has been calibrated, readings may be larger tubes. The 201-A tube gives 0.25 amtuning up a crystal-controlled transperes at 5 volts, or the 112 or 171 tubes 0.50 meters. mitterInthe indicator
taken as accurately as with correct-value recan be moved from circuit
sistors. Ifa standard voltmeter cannot be ob- amperes at the same filament voltage. For the to circuit down the line, as the tuning progresses,
tained, new dry cells and B batteries may be higher loads, several tubes in parallel can be and so may save several dollars and watts loss
used as voltage standards. The voltage of a used, and the currents added up. The accuracy
that would be occasioned by the use of radiosingle dry cell should be taken as 1.58 vo'.ts, and of this tube-load method is surprisingly high. frequency ammeters in these circuits.
that of a 225- volt B block as 23.7 volts. Voltages Of four Radiotron ux-201-A tubes picked at
The complete meter shows up particularly well
random, the filament currents were 0.250, 0.250,
of larger blocks should be taken in proportion —
in the measurement of B device voltages. It is a
47.4 volts for a 45-volt block, and so on. Some
0.247, and 0.249 amperes at 5 volts. For a ux-i 12 high-resistance voltmeter — 1000 ohms per volt.
half dozen calibration points should be taken,
The current that it draws at the most does not
and the average curve drawn. The method will
act to give untrue voltage readings.
allow results of good accuracy. Of ten blocks
An enumeration of the single quantities that
whose voltages were measured, the maximum
might
be measured in radio work with the instrudiscrepancy from the voltage value given above
ment would require considerable space, as would
was only 0.7 of a volt. Taking the average of
also detailing the connected experimental data
several calibration points will tend to iron out GENERAL RADIO PLUGS AND JACKS USED
that are possible of determination by its use.
lultimeter^.
any discrepancies.
In the case of the shunts, their lengths can be
Multimeter
adjusted to make the scale come out even, so
that no calibration curves are necessary. Although the milliammeter scale reads from o, 0.2,
o
0.4, up to 1 milliampere, it must be remembered
Standard
that with the shunt, say for 100 milliamperes,
the scale is read o, 20, 40, up to too milliamperes.
Load
It is another case of placing the decimal point.
To calibrate the meter and shunts by direct
o
comparison the meter is placed in series with the
Standard
standard ammeter, as in Fig. 3. Suggested current
sources and loads for the current calibrations are
given. The load resistor is adjusted to give fullSource
scale reading on the meter. If the reading on the
IIIIIHIII!
standard ammeter is lower than the total current
II i ill I
AMMETER
should be, first open the load circuit, then melt
VOLTMETER
the solder and shorten the shunt. Or if the standCALIBRATION
CALIBRATION
ard meter reads high, lengthen the shunt.
FIG. 3
Reclose the circuit and check again. A few trials
will suffice to bring the reading to the dot. If
CURRENT CALIBRATION SOURCES AND LOADS:
the load circuit is not opened before loosening
10 mA.-DryCell,400-0hm Potentiometer
the shunt, the total current will pass through the
100 mA.- 4.5-Volt Battery, 199-Tube Filament
meter and ruin it. Each shunt must be adjusted
How to calibrate the
as above.
1 Amp.- 6 - Volt Battery, 201-A, 171 Tube
home-made meter
To calibrate the 10-milliampere shunt when
5 Amp. - 6- Vclt Battery, 4 -Ohm Rheostat
set with a standard

An output transformer connecting a
loud speaker to a
power tube serves two
purposes: (a.), to keep the direct current
flowing in the plate circuit of that tube
from circulating through the windings
of the loud speaker; (b). to correct anylarge impedance differences which may
exist between the speaker and the tube.
The user has a right to expect that the
use of the transformer will not perform
the tasks mentioned above at a loss in
either power or fidelity.
The curve shown in Fig. i shows the
frequency characteristic of the Pacent
1:1 output transformer. The upper curve
represents the voltage across 5000 ohms
when 15 volts were applied to the grid
circuit of a 210 tube which was properly
biased and taking about 20 milliamperes
of plate current. The lower curve shows
the same characteristic translated in
TU. Anyone desiring to know the power
delivered to the output load resistance
may calculate it by dividing the voltage
squared by the resistance. The extreme
variation obtained in this manner is from
395 milliwatts at 60 cycles to 610 milliwatts at 2000 cycles, or less than 2 TU,
which is quite good.
The loss in power occasioned by the
use of a transformer instead of placing
the loud speaker directly in the plate
circuit of the tube may be calculated by
dividing what one actually gets into the
5000 ohms by what would be obtained
without the transformer. The power output of a
tube working into its own impedance (in this
case the 5000 ohms is sufficiently near that of the
tube) is equal to
(j>- eg)2
Wo = 4 Rp
where
(A is the amplification factor of the tube
eg is the input volts r.m.s.
Rp is the tube impedance
Using this formula, the power into 5000 ohms
with 1 5 volts r.m.s. on the grid of the tube should
be 720 milliwatts. Actually we get only 395 at
60 cycles and 610 at 2000 cycles. These are losses
due the transformer of only 2.6 and 0.7 TU respectively.
Output
Transformer
Characteristics

Listen to this from the
High Powered Radio World's Fair: "'The
Press Releases last frontier of radio resistance will bow before this
final stroke of air-mastery, the automatic broadcast receiver,' said Rear Admiral Bradley Allen
Fiske, leading inventor of the United States
Navy for the past fifty years, as he declared
himself as being much interested in the automatic broadcast receiver which was disclosed to the
press during the past week by Harry N. Marvin,
millionaire inventor of Rye, New York."
We hope Admiral Fiske didn't say any such
thing because the inventor of the torpedo plane
and the naval telescope sight which, again quoting from the
release,
all
the navies
of the
world"has
and been
its useadopted
has beenby the
main cause of the improvement in accuracy of
modern naval gunnery," should know that
automatic tuning has been in use many years in
the navy, commercial, and amateur stations.
It is a simple matter to change the frequency
to which a station, or a receiver, is tuned by
pressing a button. How does the Admiral, or his
press agent, think the frequency of wcc, that
high-pressure coastal station of the Radiomarine

■
"Strays"

knob, we'll tell him, and at the same time
give him data on how to turn the thing off
— in case of sopranos singing, for instance
— or to change the volume. As a matter of
fact, the interested reader may find an
article on such matters in this issue. This
scheme is at least old enough to have gone
through the patent office, and in these
days of radio inventions, this means something! Incidentally, Commander E. F.
McDonald of the Zenith Radio Corporation states that his company has acquired
Mr. Marvin's invention and that he, too,
believes the last frontier of radio will bow
etc., etc.
The a. c. receiver
seems
be causing
dealersto and
service
men no end of worry.
A dealer in New Hampshire writes us
typical
"I. wishthisto section
state that
the a.c. complaint:
tube sets around
are
a decided failure. Fluctuating line voltages ruin tubes in a few weeks. I know
of one individual that has had four sets
of tubes this winter. I spent an hour explaining why a.c. tubes were no good to
one prospective customer after which he
agreed with me and thanked me. However, the next day he promptly went
to my competitor and purchased an

oA.
C.
Troubles

Laboratory

Corporation at Chatham Massachusetts is
changed? The operator is some miles away, and
while there is an attendant at the transmitter,
does he listen for a call on the 'phone, "Say buddy, how'sbeen
for tuning-up
to 2000 meters?"
We have
at Marion, wcc
Massachusetts,
where
the transmitter is and have seen the thing in
operation. There is a click of a relay and the
signals go out on 2100 meters, another click and
the wavelength has been changed to 2000 meters,
another click and the transmitter is turned off.
No one has been near it for an hour or so.
No, the problem of turning on and off your
receiver, or of changing its frequency setting, or
regulating the volume control, all from a distance
is not new. Neither is the idea that in the navy
in time of war the frequency of a transmitter
could be changed rapidly and at the will of the
operator. Such schemes are as old as the apparatus itself and the business was reduced to practice many years ago.
If anyone wants to know how to tune his
radio by pushing a button instead of whirling a

We should like to point out that the
trouble is by no means altogether with
the
— For example, we know an
set."tube.
a. c.a.c.
editor of a nationally known magazine
who owns a Radiola 17 receiver. He lives
in a section of New York where line fluctuations are very severe, so severe in fact that
he purchases a new 171 power tube and a.c.
tubes, too, about every two months. The trouble
here is patently not with the tubes, but with
the bad voltage regulation.
Any tube operated at a temperature above
normal will not last long. This means that a
tube whose manufacturer states should be operated at 2.5 volts cannot be expected to lead a
long or useful life if the voltage about half the
time is 3.0 volts. Tubes operated from a.c. will
last a long time if the voltage is normal or slightly
below.
From time to time we hear rumors of voltage
adjusting gadgets which are in process of
development; units that plug between the house
lighting socket and the receiver. Their duty is
to keep the voltage down to some fixed figure.
We predict a million dollar business for the first
this
type. priced and successful equipment of
reasonably
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Standard Frequency sigMay Standard
nals from the Bureau of
Frequency
Standards have been used by
Signals
amateurs, laboratories and
experimenters for several years. These signals
are sent out about the 20th of each month and
begin at 10:00 p. m. E. S. T. On May 21, signals
will be sent on frequencies of 650 to 1 500 kc. and
should serve as calibrating signals for wavemeters
and oscillators working in the broadcast range of
frequencies. The signals begin at 10:00 and continue until 1 1 :32 p. m. They consist of slightly
modulated c.w. telegraph and take place as
follows: at 10:00 a general call will be sent consisting ofthe statement of the frequency, the call
letters of the Bureau station, wwv, then a series
of very long dashes and call signals on the stated
frequency, then the statement of the frequency
transmitted and the next frequency. These
signals require about 8 minutes, and are repeated
on the next frequency after a lapse of four minutes during which the transmitter is adjusted.
Anyone within 500 to 1000 miles of Washington, D. C. should be able to use the signals provided he has a receiver in which the detector can
be made to oscillate, a Roberts or Lab. Circuit,
for example. The receiver should be adjusted to
the approximate frequency, the detector oscillating, with a pair of receivers in the output of the
amplifier which may be one or two stages. At
the proper time, indicated below, the receiver
should be adjusted until wwv's signals are heard
beating with the oscillations of the local detector
circuit. This circuit should then be adjusted to
zero beat with wwv, and a wavemeter, preferably
an oscillating tube attached to a coil and condenser, is tuned also to zero beat. The wavemeter and the receiver and wwv are then all
on the same frequency. A record should be kept
of the frequency and the setting of the wavemeter condenser as well as that of the receiver
in case it is desired to calibrate the receiver. The
schedule follows:
Wavelength
E. S. T. May 21 Frequency
462 metters
10:00—10:08 P. M. 650 kc.
10:12—10:20
10:24—10:32
10:36—10:44
7500 ""
400 "
10:48—10:56
850 "
11:00 — 11:08
"
353 "'*
109650 "
316
11:12—11:20
283 ""
11:24—11:32
125000 "
250 "
1300 "
5
222no." 24 of
1General
Order
200 CommisShort-PVave the Federal Radio
'Notes
sion
up a new telegraph
bandopens
for amateurs
between
28,000 and 30,000 kilocycles, or 9.99 to 10.71
meters. It also defines an amateur station as one
"operated by a person interested in radio technique solely with a personal aim and without
pecuniary interest." It also makes slight revisions
in the telephone bands open to amateur traffic.
Radio telephones are now permitted to operate
in these bands:

Kilocycles
64,000 to 56,000
3,550 toto 3,500
2,000
1,71 5

BROADCAST
Meters
4.69 to 5-35
84.5 to 85.7
1 50.0 to 175.0

On March 17 a six-passenger Stinson-Detroiter
monoplane left Curtiss Field on a coast-to-coast
flight bearing five passengers and considerable
radio equipment. A photograph of some of this
apparatus, built by the R.C.A. is shown here. By
the time this appears, many amateurs will have
worked the plane whose radio gear was under the
key of H. C. Leuteritz, and which was licensed to
transmit on i2ometers usingthe call letters2 xbk.
Attempts were made to get into contact with
the plane from the Radio Broadcast magazine
station, 2 gy, but by the time we got the receiver
wound up to operate on the rather unusual wavelength of 120 meters, the plane was apparently
too far away. We heard several commercial stations calling her, and found a lot of interesting
things going on between 100 and 200 meters.
For example the coast guard boats using Western
Electric radio equipment could be heard all up
and down the coast hammering out information
about the rum fleet — probably. The stuff was in
code.
Not long ago we got up at 5 a. m. E. S. T. and
hammered out a cq on our 40-meter station,
2 ej (See our April, 1927, issue). Two stations
came back at once, and on about the same frequency, one fairly loud and the other quite weak.
We clicked with the louder of the two asking the
weaker to qrx for a few minutes. The louder station turned out to be in Colorado and very glad
to be qso the east coast because he was using
low power. After some conversation we signed
off and gave the weaker station a call, not knowing, of course, whether he was still standing-by
or not. Sure enough he came back, and he too
was most anxious to chat. He was using 180 volts
on a 1 12 type tube and had a call which indicated
he was in Oklahoma. A few days ago we received
a card from this operator stating that he was on
a boat in San Francisco harbor on the night in
question using about 1 watt input to his 1 12, and
not having a better one used his Oklahoma call.
The distance from San Francisco to Garden City
is something over 3000 miles which is not bad
for an input of 1 watt.
The following letter from M. W. Pilpel,
London, England, relates the success he has had
with a transmitter described in Radio Broadcast. Mr. Pilpel's call letters are 6 pp and his
wavelength is about 45 meters. He states that
he is on the air every evening up to about 7 p. m
E. S. T. In this letter "NC" refers to a station
"FM"
in
Canada,
"AQ" to Iraq, "AS" to Siberia and
to Morocco.

"I feel that I must write and tell about
the splendid results I have obtained with a
set described in your paper.
The set concerned is the " B Battery Transmitter" described in your November, 1926,
issue. 1 built this set almost exactly as your
diagram, but used 0.0003-mfd. condensers instead of 0.0002 5-mfd., and a grid leak variable from 1500 to 100,000 ohms instead
of a fixed 10.000-ohm one.
The plate supply is
from accumulators,
180 volts, and the tube
used is a Marconi DE5,
more or less the English equivalent to your
20 1 -a. The antenna is
a small cage with four
wires and is only 1 5
feet long and 20 feet
high. The direct
ground
is used.
Now for
the results,
with an input of 27
m/a
(4.8 succeeded
watts) or lessin
NEW RCA AIRPLANE SET
1 have
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working four continents. Actually the best
distance worked is Manoa, Pennsylvania
where my friend NU-3PF gave me R2-3 during
a qso lasting nearly i| hours. Two first district NUs have also been worked. Then, NC
(R2-3), AQ (Ri!!) AS (R3), and FM (R6)
outside Europe. Only three European countries possessing hams have not been worked
yet, Rumania, Switzerland and Lithuania,
all others have been worked on more than
one occasion, lpj at Spitzbergen gave me R3
in daylight, and oik, when 400 miles south of
Greenland, R5. The best miles-per-watt is
over 900, ed 7HJ of Bornholm, Denmark, 750
miles away giving me R4 whenusingo.8 watts.
I attribute these results chiefly to the
steadiness of the note emitted by the set and
must congratulate you on bringing this excellent little "perker" to general notice and
describing it so well."
Each month we look
Recent Interesting
Contemporary
through the welter of radio
magazines and papers that
Articles
come into the office. Occasionally, we read some of them. QST, for example,
disappears from the office the moment it comes
from the mail room and does not come back
until whoever took it has perused every word.
Then someone else grabs it. Experimental Wireless and Wireless Engineer (England) suffers the
same experience. The rest of them from a tech-'
nician's standpoint, seem mediocre, a sad fact
true even of the Proceedings of the I. R. E. at
reading.
times. The following recent articles are worth
Title
Magazine
Double Detection Detectors
and Screen-Grid Amplifiers
Directional
tennas Properties of AnThe Photoelectric Cell
Radio
Frequency
Stabilization
Short Waves
by Quartzon L'Onde Eleclrique
Crystalsof the Antenna
Theory
Wireless Exper/. R. E.
A Radio-Frequency Oscillator QST
Theory of Power Amplification /. R E.
Ideals of the Engineer
by John J. Carty
A.Journal,
1. E. E.
Use of Very High Voltage in
Vacuum Tubes by W. D.
Coolidge
A.Journal,
1. E. E.

Date
March
March
February
January
imenter March
February
February
March
March

In spite of the fact that
Another Useful our friend C. T. Burke of the
Publication General Radio Experimenter
catches us up, publicly,
whenever we make a mistake, we still believe
that every serious radio thinker should be on the
list of those getting this excellent trade publication.
A similar sheet has arrived in the Laboratory.
It is called the Aero vox Research Worker and is
published by the Aerovox Wireless Corporation,
70 Washington Street, Brooklyn, New York.
It, too, is worth having regularly. In our list of
"Manufacturers' Booklets Available," regularly
listed in the back advertising pages of this
magazine this publication is listed as No. 120.
Anyone wanting a free
Radio School ticket to the Radio Institute
Scholarships of America should get in
touch with J. V. Maresca,
Room 1889, Hotel Roosevelt, New York. He
has charge of applications for two scholarships
offered
by andthetheVeteran
Wireless
Association
two offered
by A. Operators'
H. Grebe.
Awards will be made to those American born
youths over eighteen years of age who write the
best letters of essays on "Why the American
Merchant Marine Needs Perfect Wireless Com— Keith Henney.
munication."

New
An Inside Antenna
X3o
Device: Indoor Aerial. Consists of a seventyfoot spool of indoor aerial wire, a twenty-five foot
length of rubber-covered ground wire, and a
ground clamp. The aerial wire is made of
stranded copper covered with a brown braid.
Manufactured by the Belden Manufacturing
Company. Price: $1.35.
Application: Designed especially for indoor
antennas, the wire is flexible and can be easily
wired around a room, over window frames, and
because of the neutral brown color of the braid,
the wire is practically invisible.
Fine New Drum Dial
X31
Device: National Type F Velvet Vernier
Drum Dial. Dial light is readily removable,
and has both terminals insulated from the dial.
Dial numbers are engraved on strip. Drum is
made of brass, with nickel plating and the dial
front is silver plated. The movement has

Apparatus

Amperites for each type of tube are made.
Complete data on the different styles available
may be obtained by writing the manufacturer
throughX34Radio Broadcast.
Set Tester of Wide Use
Device: Radio Set Tester, A. C and D. C.
Model 537. This set tester is designed for the
testing of all kinds of radio receivers operated
from either alternating or direct current light
socket power or from batteries. It will measure
the various voltages used in the radio set both
at the tube sockets or at any part of the set; it
will test continuity of circuits, and test the tubes
under the same conditions as exists when in their
sockets. All tests can be made by using the voltages normally supplied to the set by its batteries
or socket power with no change in connections,
so that no auxiliary power supply is required.
Socket adapters are supplied so that uv, ux
and uy type tubes may be tested.
All of these tests are possible using the two
meters contained in the instrument, which are an
a. c. voltmeter having three ranges 150, 8, and 4
volts, and a d. c. volt-milliammeter which has
four voltage ranges, (600, 300, 60, and 8 volts)
and two current ranges, (150 and 30 milliamperes). The voltmeter has a resistance of 1000

Manufactured by the Weston Electrical
Instrument Corp. Price: $100.
X35 An essential instrument for the
Application:
radio dealer and the professional radio service
man, for it makes possible the thorough, accurate
and rapid testing of a receiver.
For the 250 Type Tube
Device: Power Equipment for the 250 type tube.
The apparatus listed below has been designed
for the 250 type tube. This tube requires much
more plate current than other types of power
amplifier tubes and therefore the apparatus for
use with it must be constructed to prevent
overheating and saturation effects at high
currents.
Type 565-B Full-Wave Transformer.
Designed for full-wave rectification using two
type 281 tubes. The plate voltage winding is
1200 volts with a center tap. There are also two

NATIONAL DRUM DIAL
WESTON

absolutely no back-lash. Manufactured by The
National Company. Price: $4.50.
Application: May be used in constructing any
receiver. One of the best drum dials that have
been received in the laboratory.
A Good Phonograph Pick-Up
.x32Amplion Phonograph Pick-Up Unit.
Device:
Device is complete with tone arm and volume
control. Manufactured by the Amplion Company. Price: $15.00.
Application: To be used in conjunction with a
phonograph turn-table and an audio amplifier
to make possible the electrical reproduction of
phonograph records. The tone arm is screwed
down on the turn-table bed of the phonograph in
such a position that the unit on the end of the
tone arm can be correctly placed on a record.
The Laboratory's sample of this pick-up has
given very satisfactory reproduction of records
and it has the advantage over some other pickups that it exerts but slight pressure on the record resulting in less record wear.

Resistor for the Screen-Grid Tube
X33
Device: Amperite No. 622. Filament-control
resistance for screen-grid tubes. When placed in
series with the tube filament and a six-volt
battery, this resistance will reduce the voltage to
3.3 volts, the correct voltage for a screen-grid
tube. Manufactured by the Radiall Co. Price:
$\.\o.
Application: May be used for filament control
of the screen-grid type tubes in a receiver.

AMPLION

PHONOGRAPH

PICK-UP

ohms per volt and can therefore be used satisfactorily to measure the output voltages of B
power units. Tests on tubes can also be made
independent of any radio receiver by connecting a plug supplied with the instrument into a
light socket.
T) RODUCTS of radio manufacturers whether
L new or old are always interesting to our
readers.
pages, a feature
of'Radio
explain These
and illustrate
products
which Broadcast
have been
selected for publication because of their special
interest to our readers. This information is prepared bythe Technical Staff and is in a form which
we believe will be most useful. We have, wherever
possible, suggested special uses for the85 device mentioned. Itis of course not possible to include all
the information about each device which is available. Each description bears a serial number
and if you desire additional information direct
from the manufacturer concerned, please address a
letter to the Service Department, Radio Broadcast, Garden City, New York, referring to the
serial numbers of the devices which interest you
and we shall see that your request is promptly
handled. — The Editor.

SET TESTER

7.5-volt secondaries for the filaments of the
rectifier and power amplifier tubes. Price: $20.00.
Type 565-A Half-Wave Transformer. This
transformer is designed for half-wave rectification in conjunction with one 281 type tube.
There are four secondaries: one of 600 volts for
the plate voltage; two of 7.5 volts each for the
filaments of a rectifier and power amplifier tubes;
and one of 2.5 volts for the filaments of 226 and
227 type of tubes in case this transformer is incorporated in a complete two- or three-stage
amplifier. Rated at 200 watts. Price: $20.00.
Type 587-A Speaker Filter. A speaker
filter that thoroughly insulates the speaker
from the high plate voltage and current of the
last-stage tube. The choke used is of unusually
heavy construction and has an inductance of
approximately 15 henries and a continuous current rating of 100 milliamperes. The direct current resistance is 250 ohms. Two microfarad
condensers are used on each side to completely
insulate the speaker from high voltage. Connections to the input side are in the form of leads
while the speaker is connected to two binding
posts. Price: $10.00.
Type 527-A Rectifier Filter. This unit
consists of a combination of two heavy-duty
chokes with an inductance of approximately 13
henries each and a continuous current rating
of 100 milliamperes and a condenser assembly
consisting of a 4-2-4-mfd. combination rated
at 1000 volts d. c. The direct current resistance
of each choke is 175 ohms. Price: $25.00.
All the above apparatus Manufactured by the
General Radio Company.
Application: This apparatus may be used in
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constructing power amplifiers using the 250 type
tube especially, although the equipment is of
course suited to the construction of any power
unit from which it is desired to obtain comparatively large amounts of current, say 60 milliamperes or more.
Dynamic Speaker Models
X36
Device: Jensen Dynamic Speaker: A movingcoil type loud speaker. It may be connected
directly to the output of a receiver without any
need of an output device, for the transformer
contained within the loud speaker insulates the
windings of the moving coil from the plate current of the power tube. The field winding of the
speaker must be supplied with energy from an A
battery (Model D-44), or from a 90-volt d. c.
source (Model D-45) or from the 1 10-volt a. c.
mains (Model D-44. a- c-)- Manufactured by
the Jensen Radio Mfg. Co.
Price: Model D-44, $65.00; Model D-45, $67.50;
Model D-44-AC. $75.00.
Application: A sample of this loud speaker has
been in use in the Laboratory for some time and
has proved to be an excellent instrument. An
elementary diagram of the loud speaker appears
! Intense magnetic
field* Field connections to
|— «• storage A Battery
D.C.6Volts-0.4Amp.
Circular
paper
cone
I
.-''""{''f-tT^X
'
specially treated '— f i i \ ■ orA.C.6Volts,rectified
and filtered

builtt
cJown routpu
Step forme
(J^j^^TJ T"nsi
u. 8!$ depth overall w
DIAGRAM OF JENSEN CONE
herewith. The cross-sectioned part represents a
magnet, energized by the current flowing through
the field winding. As a result there is produced
across the gap in the magnet an intense magnetic
field. The paper cone is arranged as indicated,
projecting into the gap, and around this portion
of the cone is wound a small coil of wire. This
coil is connected to the secondary of the stepdown transformer, the primary of which connects to the output of the radio receiver. The
signal currents flowing through the coil react
with the magnetic lines of force flowing across
the gap and produce a torque which makes the
co'il move left and right. The cone, attached
solidly to the moving coil, must also move with
the coil and its movements produce the sounds.
This loud speaker gives best results when
operated in conjunction with a large baffle but
will also work very well in the cabinet supplied

<B>
To Rectifier
Filter System
<F>

CIRCUITS FOR CENTRALAB VOLUME CONTROLS
by the Jensen Company. The cone unit can also
be purchased
without the cabinet for installaX37
tion in radio
or phonograph consoles.
Resistors for A. C. Sets
Device: Volume Control Resistances, for
a. c. receivers. The method of volume control
commonly used in d. c. -operated receivers, i. e., a
filament rheostat in the filament circuit of the
r. f. tubes, cannot be applied to a. c. circuits
because lowering the filament potential of 226
type tubes will tend to produce a hum in the
loud speaker and because with 227 type tubes
the emission from the heater will lag behind
changes in the current through the heater filament. Itis therefore necessary to use some other
type of volume control. The devices listed below
will be found very satisfactory.
RX-100 Radiohm, a special tapered resistance
for use across the secondary of one of the r. f.
transformers, preferably the detector stage. See
Fig. 1 -A. Price; $2.00.
RX-025 Radiohm, a special tapered resistance for use as a volume control across the
primary of an r. f. transformer or across the
primary of a tuned antenna coil. See Fig. i-B.
Price: $2.00.
P-112 Potentiometer. A 6000-ohm potentiometer with a special tapered resistance at the
end to be used in the antenna circuit or across
the primary of a tuned r. f. stage. See Fig. i-C.
Price: $2.00.
M-500 Modulator. A potentiometer with a
special tapered resistance for the grid circuit
of one of the audio stages. Used principally as an
auxiliary control in a. c. circuits. See Fig. i-D.
Price: 2.00.
HP-050 Heavy Duty Potentiometer. A wirewound, non-inductive potentiometer used as a
plate circuit control. See Fig. i-E. Price: $2.00.
PR-050 Power Rheostat. A specially constructed rheostat to carry heavy currents and an

TRUVOLT RESISTORS AND BELDEN ANTENNA KIT

excellent control for use in the primary of a
power transformer. See Fig. I-F. Price: $1.25.
All of the above units are manufactured by the
Central Radio Laboratories.
Application; The application of these units to
a. c. circuits has been covered in the data given
above. A useful pamphlet is obtainable from the
manufacturers through Radio Broadcast describing these units in detail and giving further
information regarding the circuits in which they
are to be used.

JENSEN DYNAMIC CONE
Resistors for Power Supply Use
X38
Device: Truvolt Resistors. Wire-wound resistors, using Nichrome wire wound on an asbestos
covered enamel core. Available as fixed and
variable resistors as follows:
Type T, variable resistors, with maximum
resistances of 200 to 50,000 ohms.
Type B, fixed resistors, rated at 25 watts,
and available in sizes from 200 to 50,000 ohms.
Type C, fixed resistors, rated at 50 watts,
and available in sizes from 200 to 100,000 ohms.
Type D, fixed resistors, rated at 75 watts,
and available in sizes from 200 to 100,000 ohms.
Type V, center-tapped fixed resistors, available
in sizes from 10 to 200 ohms, and designed especially for use as center-tapped resistors across
the filaments of a. c. tubes.
Grid Resistors, available in sizes from 10
to 2000 ohms, and designed especially for use as
grid suppressors, in radio-frequency amplifiers.
Special Tapped Fixed Resistors, designed
for use with the popular types of power packs
such as those made by Silver-Marshall, Amertran, Samson, Thordarson, etc.
Manufactured by Electrad, Inc. Prices: vary
according to the style and rating of resistors.
Application: The Truvolt line of resistors is very
complete and units are available to meet almost
every need in the construction of radio receivers
and power packs. Complete data can be obtained from the manufacturer through Radio
Broadcast.

HEW LIFE FOR A WEAK RECEIVER
The screen-grid tube can be added to any receiver, and — at the cost of one
additional control — will add a respectable amount of sensitivity and
some selectivity. Directions are given for using this unit with any receiver

A

Screen-Qrid

Booster
By

tube
THE introduction of the screen-grid tion,
has opened a new field in r.f. amplifica
for not only does this tube make possible
at broadcast frequencies an amplification much
greater than is possible with a 201 -a type, but
because of its very small capacity between control grid and plate, relative stability as an r.f.
amplifier is secured.
As most experimenters know, the screen-grid
tube has two grids, one forming a nearly complete
shield around the plate and known as the screen
grid, while the other is practically the same as
the grid in the ordinary tube, and is called the
control grid. The screen-grid has two effects; it
shields the plate as its name indicates, and also
increases the mutual conductance in such a
manner that the amplification of the tube may
be at some frequencies as high as 100. The function of the control grid is, as in the 201 -a tube,
to regulate the flow of electrons between filament and plate.
The construction of the tube may be seen in
the accompanying photographs. The metal cap
on top of the tube is the terminal for the control
grid while the prong on the socket, marked
"grid," is the terminal for the screen-grid. These
connections should be carefully noted.

Unit

for

Any

Receiver

Glenn H. Browning
Browning-Drake Corporation

To get the utmost from the screen-grid tube
involves careful shielding of the tube and the
circuit in which it is used. There are thousands
of sets which are not now shielded nor could they
readily be shielded. This difficulty, in addition
t<asin^

—

—

i*3**

"A/f/?. BROIVNING'S "booster" provides at one
time a means of improving the dx ability
of any receiver and its selectivity. In the Laboratory,
it was possible to hear stations that were not audible
without it. It was also possible here to listen to kdka
with very little interference from wabc, only 8
miles away, while under usual conditimis this is not
possible at all. In our estimation, this booster should
be a gold mine to service men — because
8 nearly every
one wants some little gadget like this 7that will make
an otherwise almost-dead receiver come to life.
We hope that Mr. Browning will design a set
of plug-in coils so that this single stage of r.f.
amplification may be used with short-wave receivers.
It will then eliminate nearly all radiation from
these receivers, as well as improve
signalEditor.
strength.
— The
e*g>8 ^— —

IgV

to the fact that it is very rare indeed that any
existing circuit can be efficiently and easily altered for the successful use of the screen-grid
tube makes it wiser in most cases to find ways
of utilizing the high gain to be secured from the
screen-grid tube elsewhere than in the receiver
For the last year there has been an insistent
demand
proper. for another stage of tuned radiofrequency amplification to be added to the
Browning-Drake receivers. The writer has
worked a great deal on this problem only to come
to the conclusion that it was not feasible for the
home-builder because of the high gain in the
Browning-Drake transformers which entails
careful construction, and critical adjustment of
the neutralizing condensers. However, with the
availability of the screen-grid tube, the problem
simplifies itself considerably.
For some time the writer has been experimenting with a one-stage r.f. amplifier which could
be added to the large number of Browning-Drake
sets which are in use. This amplifier employs
the screen-grid tube, and not only gives a tremendous r.f. amplification, but increases selectivity to a marked degree. It has also been
found that the one-stage amplifier can be used
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adding the booster. Volume may be controlled
as before on the receiving set.
HOW TO CONNECT THE BOOSTER
\ A/HEN using this one-stage booster with
" * other receivers, the wire on the right of
the shield casing, is connected to the stator
plates on the first tuning condenser. The other
connections are unchanged, except that the
antenna lead is connected to the proper post on
the booster. The operation of the booster is very
simple indeed as all that is necessary to do is to
tune-in the receiver by means of the regular
control and then tune the booster.
Tuning on the booster unit is not extremely
critical though it increases the selectivity of the
set in a marked degree. The antenna used on the
receiver when this booster is employed should
be very short, in fact, not more than 25 to 40
feet, and as nearly vertical as possible. The
vertical antenna will pick up relatively a
stronger signal.
LIST OF PARTS

O
B + 90
CIRCUIT OF THE BOOSTER UNIT
The antenna connection indicated will work with all Browning-Drake type receivers"
with others, it is best to connect the antenna lead to the set directly to the stator
plates of the first tuning condenser
not only on Browning-Drake sets, but on any
existing receiver, simply by making a connection
to the stator plates of the first tuning condenser.
[The lead from the "booster" may be connected
to the antenna posts of some receivers, but not
all, and it is best to follow the suggestion here
which is certain to work. — Editor.] By using this
one-stage device, the writer has received signals
that were inaudible before.
The assembly of the one stage screen-grid
booster is quite simple. The Browning-Drake
Corporation furnishes a kit consisting of the
coil, condenser and dial, together with a set of
aluminum shields, a radio-frequency choke, a
four-wire cable, 10-ohm resistances and the
mounting hardware, and all that is necessary for
the constructor to purchase is a tube socket, and
the three following condensers; a 5 mfd., a 0.0001
mfd. and a 0.00025 mfd.
The picture wiring diagram and the schematic
wiring diagram are presented on this page. It
should be noted that the stator plates of the
tuning condenser go to the top of the screen-grid
tube. The two 10-ohm resistances, put in as indicated, cut down the six volts from the storage
battery to 3.3 volts which is the correct voltage
for the screen-grid. It is noted that the one-stage
booster is run from a battery as the writer does
not believe it feasible to light the filament of the
cx-322 from raw a.c. In using the one-stage
booster on any Browning-Drake assembly, all
that is necessary to do is to disconnect the antenna from the set, connect it to the antenna post
of the booster, which is shown on the left, and
to connect the wire lead, which is on the right
of the booster to the antenna post on the
Browning-Drake receiver. The ground is left in
its position on the set proper. From the wiring
diagrams, it may be noted that a filament switch
is inserted in the plus-A battery lead to control
the filament of the cx-322 tube. This makes the
separate amplifier unit independent of the receiving set proper and permits it to be used on
any radio set. When using the booster on
Browning-Drake receivers, particular care should
be taken that the set is well neutralized before

1 Browning-Drake Booster 322 Kit assembly.
(Includes shields, the coil and tuning
condenser with dial, two 10-ohm resistances, afour-wire cable, shield wire, and
r.f. choke).
1 ux tube socket.
1 0.000 1 -mfd. mica Condenser.
1 f-mfd. mica Condenser.
1 0.0002 5-mfd. Condenser.

. 00025 mfd
To Antenna
on Set

PICTURE DIAGRAM
How to connect the various parts employed and the recommended layout
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STAFF COMMENT
IN SOME cases it may be desirable to bypass
1 this extra resistor. This can generally be accomplished byleaving the lead to the "detector
B" post on the set (now wired to the special resistor) also connected to the original "detector
B " supply post on the power unit, taking advantage of the bypass condenser included in that
circuit. As the faulty resistor is probably " open "
this will have no effect on the potential. If desired, the resistor may be bypassed by connecting
any convenient condenser from 1.0 mfd. up,
across the resistor. It is also possible to connect
the external resistor directly across the "amplifier B" plus and the "detector B" plus posts
on the receiver itself, without going back to the
power supply unit.
The clip-wired Clarostat and the clip-wired

An Emergency Detector B Supply

IT HAS been my experience that the voltage
distributing resistor system in the average Empower unit is the weak point of these devices.
On several occasions the resistor passing the
current to the detector tube in my receiver has
gone bad. I found that an emergency connection
could be effected in a few seconds, by wiring an
outside resistor from the "detector B" post on
the set to the "amplifier B" post on the unit.
A ioo,ooo-ohm resistor is about the correct
value. The set works quite as well operating the
detector tube from the 90 volts power-unit tap,
through the external resistor, as it did from the
original "detector B" supply post.
I rigged up the resistor mounting, shown in
Fig 1, to enable me to try different values of
resistors. The mounting is wired, as shown, to
the "amplifier B " positive post, and the detector
lead is caught under the Fahnestock clip.
Perry White, New York City.

HG. I
This simple arrangement can be used to supply
either detector or intermediate-amplifier plate
potential from a high voltage tap in the case
of resistor break-down.

FIG. 2
The use of clip connectors permanently fastened
to flexible leads for condensers and resistors
greatly facilitates experimental and emergency
work for many uses around the radio set
bypass condensers suggested by Mr. Graham,
elsewhere in this department, are particularly
convenient in effecting temporary arrangements
of this kind.
Emergency and Experimental
Connections
IN MY experimental work, as well as in emer* gency set-ups in the perpetual endeavor to
keep the family set functioning properly, I have
found it very convenient to have a complete set
of parts available for immediate connection by
means of clips. The idea, illustrated by a few of
the parts so arranged, is made clear in the accompanying photograph (Fig. 2.).
The clips used are of the small battery type,
obtainable at most electrical and radio
89 supply
houses. Any type of ordinary hook-up wire may
be used for the leads — I used flexible Celatsite.
In the cases of certain parts, such as the condensers which already have long and flexible
leads, these may be soldered directly to the clips.
The following parts which I happened to have
on hand, were arranged with two-foot leads and
clips:
1 Volume
sistor) control Clarostat (variable re-

sistor)
1 Universal range Clarostat (variable re1 Low range Clarostat (variable resistor)
1 Amsco 2000-ohm Duostat
potentiometer
21 400-ohm
Fixed condensers,
0.001 mfd.
1 Gridleak mounting
2 Bypass condensers with leads, o. 1 mfd.
3 Filter condensers with leads, 4.0 mfd.
1 1000-ohm fixed resistor
1 2500-ohm fixed resistor
1 5000-ohm fixed resistor
1 10,000-ohm fixed resistor
3 60-ohm center-tapped resistors
It is also a good idea to have on hand a half
dozen or so three-foot lengths of flexible wire
with clips on the ends. The above parts arranged
for instant clip connections, will be more than
handy in all experimental work.
Herbert Graham, Chicago, Illinois
Volume Control for ResistanceCoupled Amplifiers
COME receivers, particularly sets using a.c.
^ tubes, employ a type of volume control such
that the signal cannot be reduced without impairing selectivity to a serious extent. This consideration justifies the control of volume at a
point in the circuit following the detector tube
where it will have no effect on selectivity. Some
circuits employ a high resistance potentiometer
across the secondary of the first audio transformer in a transformer-coupled amplifier.
When using a resistance-coupled amplifier a
somewhat similar arrangement can be used, and
is suggested in Fig. 3. The coupling resistor in
the detector plate circuit is a high range potentiometer (.1to .25 megohms maximum) such as the
Electrad Royalty, with the movable arm connected to the coupling condenser.
This arrangement provides adequate volume
control without changing the frequency characteristic ofthe amplifier.
H. F. Kucks, New York City.
STAFF COMMENT
AS MR. KUCKS points out there are certain
types of volume controls which impair the
selectivity, as for example a variable resistance
across the primary or secondary of an r. f. transformer. Such difficulties can be prevented by

FIG. 3

A volume control circuit for use
with resistance-coupled amplifiers

RADIO
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placing the volume control in the audio amplifier
but this control has the disadvantage that it will
not prevent the detector overloading on strong
signals. There are several satisfactory volume
controls that can be applied to ax. receivers
which will not affect the selectivity and which
will also prevent detector overloading on strong
signals. We mention two types.
One fairly good control is a variable resistance
connected in series with the B-plus lead to the
primaries of the r. f. transformers. This resistance
should have a maximum value of about 200,000
ohms and a o. i-mfd. or larger bypass condenser
should be connected across it. As the amount of
resistance in the circuit is increased, the effective
voltage applied to the plates of the r. f. is lowered
and the volume is thereby decreased. Such a
control will not impair the selectivity, but, with
some receivers will cause an undesirable increase in voltage applied to the other tubes
in the set.
A simple type of volume control that may
generally be used merely consists of a variable
resistance connected between the antenna and
ground posts on the set. The resistance should
have a maximum value of about 50,000 ohms.
Centralab, Yaxley, and others make a special
resistance for this purpose.
Some

Baffle Board Experiments
STAFF COMMENT

'"THE baffle board consists of a reflecting sur* face applied near a cone speaker. In many
cases this takes the form of a large box, in which
the cone is placed. In others it is a short horn
having a relatively large bell, the cone being
used as a diaphragm. In many instances, the
use of baffle boards will improve reproduction of
the low frequencies especially. As experimental
boards are easily constructed, they are worth
trying.
The two following contributions consider the
possibilities of the use of baffles.

BROADCAST

7

Rotor

JUNE, 1928

0.00025
mfd.

i.
FIG. 5
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An antenna tuning circuit for use with neutrodynes and other receivers having an untuned
primary circuit
IN EXPERIMENTING with a Western Elec* trie 540 AW cone I found it possible to attain
a marked improvement in the reproduction of
the lower audio frequencies, without apparent
impairment of the higher notes through the use
of a baffle board. The accompanying photograph,
Fig. 4, illustrates the baffle arrangement employed bythe writer.
I made a 36 by 36-inch wood frame, 12 inches
deep. The front was faced with heavy roofing
paper, with a circular hole, eighteen inches in
diameter, cut out in the center. The cone was
placed in this cabinet with the face of the cone
brought as close to the opening as the frame of
the loud speaker would permit. The assembly
was then mounted on top of the chest of drawers
as shown in the photograph, and placed in the
corner of the room so that the sides of the enclosing cabinet touched the walls. By so doing
the baffle effect of the sides was greatly increased,
and the supporting furniture also functioned as
part of the baffle.
The power tube used is a ux-171 outputting
to the speaker through a 100-henry choke coil
and a 9.0-mfd. condenser. This tube outputs adequate distortionless power to the baffled loud
speaker with 135 volts on the plate..
A slight barrel effect in
speech was counteracted by
placing a piece of heavy cloth
on the back of the cabinet,
thus avoiding sound reflection.
Paul S. Foster, New
York City.

FIG. 4
A baffle arrangement with a 540 AW cone speaker

A CAREFUL consideration of the most effective
method of mounting a freeedge baffle type cone speaker
is necessary if the best results
are to be secured. Fairly good
results can be expected by
using a flat baffleboard of
sufficient thickness and rigidity to be non resonant
throughout the audio range.
A deep cabinet or console,
however, will tend to improve
the lower frequency response
of the speaker by allowing a
greater effective baffling area.
The greater the baffling
area the better will be the
reproduction of the low
notes.
Deep box baffles of the
type to which we have reference often give rise to a
resonance effect within the
audio range, resulting in the
exaggeration of certain frequencies, noticeable as a

booming sound or barrel tone. One method of
correcting this condition is to vent the baffle
by cutting holes or louvres in the sides of the
console. This has the disadvantage of reducing
the effective baffling area and often impairs the
appearance of what otherwise would be a handsome bit of furniture. At best my present suggestion is a trial and error method.
In mounting a free-edge cone in a baffling
arrangement of this type, the writer finds that
resonance can be completely eliminated by lining
the interior with felt. Felt packing of a thickness
of I inch was used, although a somewhat thinner
lining would probably have worked just as well.
The entire interior of the cabinet, was lined with
the packing and secured by glue and tacks.
D. C. Redgrave, Norfolk, Virginia.
Antenna Tuning Device
'"THE apparatus described below is an indis*■ pensable portion of my receiver equipment for
distant reception. Many broadcast fans, located
like myself at some distance from broadcast
centers, will find this simple device of use to
them.
On many evenings, when stations two hundred
to three hundred miles away are practically inaudible, avariometer and two variable condensers, connected as shown in Fig. 5 boost the volume from ten To twenty times, often making
enjoyable loud speaker reception possible. The
device does net change the original dial settings
of the receiver. Once the variable condensers are
set to the proper capacity (to be determined experimentally) they need not be touched again,
all tuning being effected on the variometer.
However, the 0.0002 5-mfd. variable is very
effective as a volume control. This apparatus is
not effective on all receivers, but is designed
primarily for use with sets having untuned antenna primaries, such as the average neutrodyne
and tuned r.f. receiver.
A. Gaudette, Lewiston, Indiana.
STAFF COMMENT
HpHE arrangement described above is an an* tenna tuning device. The control described
by Mr. Gaudette is really a combined antenna
tuning device and a wave trap. In the majority
of instances it can be simplified to the circuit
shown in Fig. 6. Coil L may be the secondary
of any available radio-frequency amplifying
transformer, or sixty turns of wire wound on a
three-inch diameter form. This device will be
most effective on short indoor antennas.
A Spark Plug Lightning Arrester
L-JERE is a simple and effective lightning ar1 1 rester. It consists of a good heavy spark
plug, and a piece of pipe, three or four feet long,
into which the plug can be screwed.
The pipe is driven into the ground and the
spark plug screwed into it. The ground connection is automatically taken care of. The wire
from the antenna is led to the binding post on
top of the
ceiver. Thatspark
is allplug
thereandis tofromit. there to the reGeorge Koether, Jr., Round Bay, Maryland.

0.0005
mfd.

To Ant. Post
on Set
FIG. 6
A simplified version of
Fig. 5. Both Fig. 5 and
Fig. 6tiveare
when most
used effecwith
short antennas
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THE Amrad A. C. 7 is another representative
of the a.c. electric receiver of the neutrodyne
type. This receiver utilizes seven tubes, six
of which are of the a.c. type while the seventh is a
171. A study of the wiring diagram of the complete
receiver installation will bring to light several novel
features in design. There are four stages of radiofrequency amplification, a non-regenerative detector, and two stages of transformer-coupled audiofrequency amplification. The power is obtained
from a full-wave B power unit which simultaneously supplies the B voltage for the plates of the
tubes and the a.c. voltages for the filaments.
The r.f. system consists of an antenna coupling
stage and three stages of Hazeltine-neutralized
tuned radio-frequency amplification. The receiver
is designed for a short antenna and the first r.f.
stage is really a coupling stage, being untuned. The
input circuit of this coupling tube consists of a
radio-frequency
choke,
tapped which
for the isantenna,
series with a fixed
resistance,
grounded.in
By utilizing this coupling tube the tuned settings
of the other three stages are not disturbed by
variations in antenna length or capacity. A very
novel method of volume control for the entire receiver installation is incorporated in the plate circuit of this coupling tube. It consists of a variable
resistance connected across the bifilar primary
winding.
normal
a volumecontrol of Under
this type
wouldcircumstances
manifest an effect
upon
the grid circuit of the average tuned stage but since
the grid circuit of this tube is untuned the effect
of this variable resistance is that of only a volume
control, without any detrimental effects upon other
circuits. Each of the r.f. stages is contained in a
separate can. The audio stages are not shielded and
are of theformerconventional
output totransutilized to coupletype,the with
loudanspeaker
the
output tube.
four stages and
of radio-frequency
areAllneutralized,
the neutralizingamplification
condensers
are designated as G> in the wiring diagram. The
bifilar primaries utilized in this system of neutrali-

Coupling Tube

1st R.F

C*

June,

1928*

7

zation are marked unit,
Li in thethe four
drawing.
is a single-control
tuningThe'receiver
condensers
being ganged together and operated from one point.
A filter system, consisting of a resistance and a
capacity, is incorporated into the detector plate
circuit, probably to keep the a.c. hum at a low
value. The plate voltages for the r.f. tubes and
the detector are obtained from one tap on the
power unit, but voltage-reducing resistances located in the plate circuit of each radio-frequency

THE SET IN ITS CABINET
tube and in the plate circuit of the detector tube,
reduce
this tubes.
voltageIttoshould
the correct
values for that
the
individual
be understood
volume control in this installation is not accomplished by plate-voltage reduction. At first glance
one would assume this to be the case. Volumecontrol is obtained by a resistance which varies
the a.c. voltage across the first-radio-frequency
primary
condensers
used tostage:
bypass thewinding.
filament Bypass
and plate
circuit inareevery
to further facilitate receiver stability, a radio-

frequency choke is wired into the plate-voltage
system
r.f. circuit.
As wasin the
stated,
the filament circuits are all a.c;
and electrical tentiometers.
balance
poThese areis obtained
designatedby asmeans
Pi, P2,of and
P3 in ousthetubeswiring
diagram. byThemeans
grid bias
the variis obtained
of aforresistance
through which the plate current flows and results
in a predetermined voltage drop. These voltagedrop resistances are marked Rs and Re. As is evident from the drawing, the grid bias voltage is of
like value for the r.f. and the first audio tube,
while individual grid bias is obtained for the outTheput tube.
power unit is of conventional type with twovariations.
The rectifying tube is of the 280 fullwave type.
As a contrast
to other filter
systems
ployed inrectifiers,
this installation
utilizes
but emone
filter choke. The required filtering action is obtained by the use of large values of capacity. A
Mershon condenser of several sections (each section being of relatively high capacity) is employed.
-As is evident in the wiring diagram, two sections of
this condenser are connected across taps of the
voltage
aids materially in thedistributing
lowering ofresistance.
the effectiveThis
resistance
of the
outputtion duecircuit,
and
in
the
reduction
to the action of this resistanceof asregeneraan impedance common to all circuits. The power transformer utilized consists of six windings. The primary winding is tapped for three values of line
voltage. One secondary winding supplies the filament voltage for the rectifying tube, another
supplies the plate voltage for this tube. The other
three supply the a.c. filament voltages necessary
for the various tubes in the receiver. Since a shunt
potentiometer method of obtaining electrical balance is utilized, center taps on the a.c. filament
windings are unnecessary. Control of the complete
receiver is accomplished by means of a switch in
series with the house supply circuit and the transformer primary.panel.
This switch is located on the face
of the receiver

CX-371A.F.,
UX-171
2nd

.J'

THE CIRCUIT DIAGRAM OF THE AMRAD A. C. 7
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The-Pfansteihl
CIMPLICITY of design marks the develop^ ment of the Pfanstiehl line of radio receivers.
The photograph
herewith apply to bothandthewiring
Nos. 34diagram
and 50 shown
a.c. electric
receivers. The 34 is the console model, whereas
the 50 is the table model of the same receiver.
This receiving system employs 6 tubes, apportioned as three stages of tuned radio-frequency amplification, non-regenerative detector, and two
stages of transformer-coupled audio amplification.
The wiring
diagram
of the
shown
with. As is evident from
the system
drawing,is 226
type herea.c.
lubes are used for the three radio-frequency amplifierstecandtor isemployed
for the firstandstagea 171
of audio.
227 typeaudio
deis the A output
tube, arranged in conventional transformer-coupled
fashion.tain their
Thefilament
four 226'spotential
are wiredfromin parallel and oba 1.5-volt winding on the power
transformer. The tuning system
used in the tuned radio-frequency
stages is conventional, consisting
of fixed inductances and variable
capacities. The method of stabilization employed makes use of grid
resistances, commonly known as
gridIn "suppressors."
order to attain utmost simplicity, only two values of plate
voltage are applied to the receiver.
The three-radio-frequency stages
and the two audio-frequency tubes
obtain their plate voltage from the
same voltage tap, while there is
another tap for the detector. The
lirst
plate
voltageradio-frequency
is governed
bytube's
a potentiometer
type of resistance
which
shunts the plate coil of the first
radio-frequency tube. The standard
grid-leaktection isemployed.
condenser system of deThe audio system is conventional
in every way. The volume control
is a voltage divider shunting the
secondary of the first audiofrequency transformer, with the
center tap of this control connected
to the grid of the amplifying tube.

A.

C.

34

and

THE RECEIVER WITH ITS POWER UNIT

50

The secondary of the second audio-frequency transformer isshunted with a fixed capacity. The C bias
for the output audio tube is obtained by causing a
voltage
lead. drop across a resistance in the grid return
The receiver is divided into two parts, the radio
and audio systems being contained in one can, while
the power unit is in another can. The wiring system employed in the power unit is standard. Two
transformers are employed. One is the power transformer supplying the filament and plate voltages
required for the full-wave filament type rectifying
tube, and the other is the filament transformer supplying the 1.5 -,The
2.5-,primaries
and 5-voltof windings
the
tube filaments.
these two fortransformers are connected in parallel and are designed
for a 115- volt a.c. line. The filament windings
supplying the 1.5 and the 2.5. voltagestrolare equipped
with safeguarding
voltage conresistances thus
the tube filaments in the event of
an excessive line surge or increase
in line voltage. The |filter system
consists of a two-section filter, with
a single distributing resistance
across
output. supplies
The "high"
side
of this the
resistance
the plate
voltage fortube.
all tubes
than the
detector
A tapother
supplies
the
detector plate voltage.
The electrical balance and the
eleccrostutic balance in the filament
circuit is obtained by means of midtapped resistances placed in parallel
with the tube systems, rather than
winding.
by tapping the filament voltage
The loud speaker coupling to
the output audio tube is direct,
without any system.
transformer
chokecondenser
Twoor output
binding posts are provided for the
loud speaker terminals. If desired,
abe loud
coupling unit can
addedspeaker
to the receiver.
Tuning is accomplished by
means of single-dial control, the
second knob on the front panel
being for volume control.

THE PFANSTEIHL MODEL 50 A.C. RECEIVER

5 V.
Red
CIRCUIT OF THE

PFANSTEIHL MODELS 34 AND 50. THE

POWER UNIT IS SEPARATE

HOW

THE HEW

IF THE experience of those who manufacture
both battery and a.c. operated receivers is
any criterion there is no question about the
dean "all electric"
presentmand being
for a.c. receivers
reflectedThisin the
has been season.
custom set-building field where experimenters
are looking askance at any circuit which cannot
be modified to permit operation from the lighting
circuit.
The use of a.c. tubes does not alter the fundamental operation of a circuit and for this reason
it is quite natural to look for receivers using wellknown and tried circuits which have been modified slightly to make the use of these tubes possible.
In this connection the receiver we are about
to describe should be of particular interest to the
readers of Radio Broadcast. It uses the familiar
R. B. Lab circuit, with its possibilities for excellent performance with a minimum number
of tubes together with selected parts which make
possible the realization of this performance.
The circuit itself needs no introduction, since
the original and several variations have appeared
in Radio Broadcast. Those who are interested
in an exposition of the special features of this
circuit are referred to the June, 1926, and April,
1928, issues. The principal advantage of this over
other similar four-tube arrangements lies in its
"gain" or sensitivity and in the fact that the
balancing circuit of the Rice type gives accurate
neutralization over the whole frequency range.
The grid "suppressor" or losser method of
stabilization is not used in the radio-frequency
stage. This element of design improves the
selectivity of this circuit and makes it more
uniformly selective over the whole frequency
range.
The advantages of a.c operation have been
obtained together with an actual improvement
in performance, due to the fact that a.c. tubes
in general are somewhat better amplifiers than
the standard 201 -a type. Direct comparative

A.C. LAB RECEIVER

LOOKS— BEHIND

tests between this receiver and one of the battery
types .indicates an improvement in gain or sensitivity, better stability and negligible hum or a.c.
modulation even on the more distant stations.
One addition has been made to the circuit; a
dummy socket has been connected in parallel
with the detector socket. This makes it possible
to plug-in a phonograph pick-up permanently.
The small switch between the drum dials permits
an instantaneous changefrom receiver to pick-up.
This convenience will be appreciated by those
who have had to open the cabinet, remove the
detector tube, plug-in the pick-up and then
perform the inverse operation to operate the
receiver again.
An inspection of the schematic wiring diagram
in Fig. 2 will show that two minor changes have
been made in the radio-frequency circuits. The
resistance R2 has been substituted for the radiofrequency choke previously used in the mid-tap
of the first coil, and the condenser C3 has been
added.
The resistance prevents very high frequency
oscillations which would block the first tube.
For this purpose it is just as satisfactory as the
choke and less expensive. This resistance is not
e<©(^^"*—
i%i
CI HE set described here is a straight jour-tube
■*■ "Lab" circuit receiver, arranged to operate
entirely from the a.c. line. The results achieved are
rather better than those from the average fourtube set, due to the high gain in the radio freMr. onKnowles'
a well
arrangedquencysetcircuit.based
exactly receiver
the sameis circuit,
with the exception of provision for a.c. operation
for the filaments, that was described on page 423
in this magazine for April, 1928. That unusually
interesting story dealt with the engineering design
which went into this receiver and exact measurements ofits performance.
— The Editor.
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in any sense a "grid suppressor" at broadcast
frequencies since a high-impedance choke may
be used, or the circuit left open, for that matter.
In practice the mid-tap connection is used to
provide a means of biasing the first tube.
the circuit
'"THE principal circuit modifications are those
made necessary by the a.c. tubes. Three
227 type tubes are used and a 171-A type in the
last audio-frequency stage. Heater type tubes
have been used in the radio-frequency, detector,
and first audio-frequency stages because of their
comparative freedom from hum or ripple. Tubes
of the raw a.c. type may be adjusted to give very
ably.
little hum but any change in the effective plate
voltage increases the a.c. modulation considerThe filament current for the tubes is supplied
by a step-down transformer T3. To insure long
heater life, care should be taken to see that this
transformer is one of the new types designed to
give 2.25 volts. The old type supplies 2.5 volts.
Bias for the radio-frequency and first audiofrequency circuits is secured by taking the drop
across a resistor in the plate circuit of the tubes.
This method is quite satisfactory where a single
stage of radio-frequency amplification is used.
No B socket-power device has been used in
the receiver since it was felt that many constructors would have ones which were previously
used with battery-type receivers and others
would have power amplifiers in which such a Bpower supply was included. Where this is not
the case any good quality power unit may be
used and the receiver made "all electric."
In most cases it is advisable to use a C battery
for the power tube. There is really little or no
objection to this practice since the life of the C
battery is determined by its "shelf life" which
may be in excess of a year. Details for avoiding
the
Fig. use.). of this battery will be given later. (See
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THE LAB SET IN ITS CABINET
Special coils are available for this circuit and
receiver which require no alterations. Any of
the coils designed for a 0.0005-mfd. condenser
may be used however. The Aero LJ95 set has two
coils and will be discussed as a convenient and
typical set which may be modified.
REVAMPING STANDARD COILS
D EMOVE the hinged primary winding from
the antenna coil leaving nothing but the
main secondary winding connected to terminals
1 and 6. Remove the primary from the detector
coil by carefully breaking the bakelite tubing on
the inside and unsoldering the leads going to
terminals 2, 3, 4 and 5.
Tap one of the coils at the center turn vertically above terminal No. 1. Tap the other coil
one third of the way up from the bottom vertically over terminal No. 2. Wind a thin strip of
insulating material such as thin celluloid or
varnished cambric about half an inch wide over
the center of the mid-tapped coil. Pierce a small
hole in the insulation and bring out the centertapped strip through it. Wind eight turns of
wire (No. 28 d.c.c. is all right, but the size is
electrically not at all important) on each side
of the midtap for the primary. Anchor the two
end turns by looping them under the vertical
bakelite coil support.
The baseboard and panel should be prepared
in the usual manner. The template drawing,
packed with the drum dials may be used as a
drilling template.

Because of the height of the drum dials, the
condensers, Ci and C2, must be mounted on
"stilts" or bushings. In this case two pieces of
brass tubing cut to the proper length were used.
As the condensers are mounted in this receiver,
the reading of the drums increases with wavelength. Ifthe readings are to increase with frequency the condensers should be reversed. The
full floating shafts make this possible. This
feature also permits bakelite or hardwood shafts
to be substituted. These will be discussed under
the operating details.
The location of the parts is very important.
In experimenting with the layout, for example,
it was found that moving the choke, (L4), over
between the drum dials made the set unstable.
This trouble was found to be due to the greater
length of the "hot" plate lead and not to coupling between the choke and coil as might have
been supposed. A discussion of the important
leads to watch appeared in the June, 1926, Radio
Broadcast under the title "Additional Notes on
the R. B. Lab Circuit."
is nothingleads
"tricky"
the wiring.
AllThere
a.c. filament
should about
be twisted.
Bus
bar wiring was used in this set so the connections
could be easily traced in the photographs. All
the battery leads may be cabled if flexible wire
is
There point
is notoobjection
to using
lineused.
or direct
point wiring
if the"bee"
leads
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The two A-battery leads on the cable are not
used. If an outside C battery is to be used for
the radio-frequency and first audio-frequency
stages it may be added by making the following
changes: Remove R3 and C7 and connect the
leads going to the K terminals on the 227 sockets
to the minus B or yellow cable terminal. Connect
the lead going to the minus C terminal of the
first audio-frequency transformer and the one
connected to R2 to the black cable terminal.
Connect C7 across the black and yellow cable
terminals. The C battery is then connected
externally by using the yellow and black
leads as the positive and negative leads respectively.
WHEN A B-POWER UNIT IS USED
IF B-power unit which supplies 180 volts is
used, a C battery with proper potential for
the tube employed should be used for the power
tube. Where the power device supplies 200 volts
or more, an arrangement such as indicated in Fig.
1 may be used. A 30-henry choke and 2.0- or 4.0mfd. condenser should be used to keep the direct
current out of the speaker. When the speaker
return is connected as shown, the 2000-ohm grid
biasing resistor is not in the return circuit and
this insures better reproduction of the lower
audio frequencies.
No output device is used in the receiver. This
reduces the cost of the parts when a 112-A type
tube is used or a 171-A type with only 135 volts
on the plate. If an external power amplifier is to

are carefully spaced. For details on the arrangeFig- 3- ment of the leads see the photographs and

AN UNUSUALLY EFFICIENT SET IN SMALL SPACE
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Power

be used the last audio-frequency transformer may
be omitted. In some cases the power amplifier
includes an audio stage ahead of the power tube
and in this case the detector output may be connected directly to the speaker jacks on the cable
terminal.
The dial lights should be connected in parallel
across the filament of the 171-A tube.
Very little adjustment should be necessary
after the receiver is completed. In adjusting the
balancing circuit the "dead filament" method is
not very desirable nor convenient in this case.
Tune-in a carrier in the short-wave section of
the broadcast band and set the detector regeneration control so the set just oscillates. Use a screw
driver made from a bakelite or fiber strip to adjust the balancing condenser. Tune the radiofrequency stage first to one side of the carrier and
then to the other slowly while adjusting the
"equalizer."
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FIG. 2
When the adjustment is properly made there
will be a slight "swishing" sound as the r.f.
circuit is tuned to the station and the signal will
clear up. If the detector is placed on the point
of oscillation, there will be no tendency for the
r.f. stage to make it oscillate as the r.f. dial is
turned. It may be necessary to readjust the
regeneration control, (C3), slightly to make the
balance adjustment more exact although the
setting is not very critical.
After the set is balanced, the effect of handcapacity should be tried on a weak station. If
there is any appreciable effect, a bakelite or
hardwood shaft should be substituted for the
brass one used with each condenser. The effect
may be further reduced after this change has
been made by grounding the metal frame of the
dials.
If the antenna stage tunes broadly it is an
indication that the antenna is too large and the
effective capacity should be reduced by connecting afixed condenser about 0.0001-mfd. capacity
in series with the antenna lead. The selectivity
of the first stage should be measured with the
volume control in the full "on" position since
this resistance reduces the selectivity. When the
set is tuned to a station where the volume control
is near the "off" position, the question of selectivity isnever important.
Since the volume control is in the radiofrequency circuit, special provision must be
made for controlling the volume of the phonograph pick-up arrangement. Nearly all of the
standard pick-ups with which we are familiar are
sold with a special volume control.
To minimize hum, the B-power circuit should
be grounded. Usually the ground works most
satisfactorily on the minus B lead. In some cases
the hum is reduced by grounding the plus 45-voIt
tap which in this set connects to the heater
winding mid-tap. Only one of these leads should
be grounded, however.
If an outdoor antenna is not available, the
experimenter may try connecting a 0.002-mfd.
fixed high quality mica condenser from one side
of the house-lighting circuit to the antenna
binding post. Both sides of the line should be
tried since one side may be grounded. In this
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case the line acts as the collector and the signal
is brought to the receiver much as it is in carriercurrent telephony.
The list of parts below are those used in the
model described here. Other parts, electrically
and mechanically similar, may of course, be
used.
The coils L2 and L3 are special and are supplied by Aero Products. If the builder desires to
revamp the standard Aero coil set, No. U95, he
should follow instructions on page 94. The
dimensions for all the coils, in the event the

RECEIVER

constructor prefers to make his own coils, are indicated on the diagram, Fig. 2.
PARTS LIST
L2, L3 Aero Products Co., (1) Pr. U-95,
or Special Lab. Coils
$ 8.00
Ci, C2 Hammarlund, (2) ML-23 Condensr . . 1 1 .00
C3 Hammarlund, (i)-MC-i 5 Midget 2.00
L4 Hammarlund (.1) RFC-85 Choke 2 .00
C4 Hammarlund, (1) Equalizer . .
.50
Micarta (Westinghouse Co.), (1) 7" x
21" x \" Black Panel .
...
2.20
Ri Electrad (1) Type P Volume Control 1.50
R2> R3 Electrad (2) 500-Ohm Grid Type
Resistors
.50
Rs Electrad, (1) V-30 Resistance . .
.75
R4 Electrad, (1) V-10 Resistance . .
.75
Yaxley, (1) 669 Cable
3 .25
Yaxley, (1) S.P.D.T. Switch No. 30 .
90
Ti, T2 Silver-Marshall, (2) 240 Audio
Transformers
12.00
T3 Silver-Marshall, (1) 247 Filament
Transformer
5.00
Eby, (3) 5-Prong Sockets ....
1 . 50
Eby, (2) 4-Prong Sockets ....
.80
Eby, (2) Binding Posts
.30
C7, Cg Tobe, (2) 1.0-mfd. Bypass condensers 1.80
C6 Aerovox, (1) 0.00025 Grid Condenser .40
Kf, International Resistance Co. (1) 2.0
Meg. Grid Leak
.50
International Resistance Co., (1) Leak
Mount
.50
National Co., (2) Single Drum Dials . 9.00
$65.15
ADDITIONAL PARTS
(Needed to complete the set as described).
(1) Phonograph pick-up, with volume control.
(1) B Power-Unit, furnishing a maximum voltage
of 220, at 40 mils., with taps as follows: 45,
(3)90,a. c.180,227-40.type tubes.
(1) Power tube, Type 112-A or 171-A (See Text).
(1) C Battery (Optional, see text; rating depends
on power tube used).
(1) Corbett cabinet to accommodate panel
(7x21 x |").
11 n

11 n

' Blue

♦ 45
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menters have written the
MANYlaboraexperi
tory for information to enable
them to use a screen-grid tube in the
r.f. stage of such circuits as the R. B. Lab.,
Universal, Aristocrat, Browning-Drake, and
other sets consisting essentially of a stage of
radio-frequency amplification followed by a
regeneratve detector. The adaptation of this
tube to the latter receiver has been described in
the May Radio Broadcast and, in the same issue was described an a. c. -operated all-wave
receiver using a screen-grid r.f. stage with the
tube operated with a.c. on its filament.
There were no special problems involved in
the design of an a.c. Lab set using a type 227
tube in the r.f. stage and the construction of
such a receiver was completed with little trouble;
the result of this work has been described in the
preliminary article in the April issue and in the
construction article appearing in this issue.
After the construction of the a.c. set had been
completed, experiments were made to determine how satisfactorily the type 222 could be
substituted for the 227 in the r.f. stage.
The tests described here have been confined
to the "Lab" receiver, and since individual
tests on the various receivers mentioned in the
first paragraph have not been made it cannot
be stated positively that the tube will work
equally well in all these circuits. However, since
they are all essentially the same, the operation of
the screen-grid tube as an r.f. amplifier, in these
various sets, shouldn't differ very much.
The experiments on the "Lab" circuit were
begun by first setting up the receiver for operation with a 227 in the r.f. stage. A modulated
oscillator (the construction of which was described inthe June, 1927, issue) was located about
10 feet away and its output cut down until the
signal from it was just audible in the output of
the "Lab" set. The 227 was then removed and
the circuit rewired for the screen-grid tube in
place of the type 227 tube in the r.f. stage with
the filament of the screen-grid tube operated
from a storage battery. The circuit is given in
Fig. 1. The plate of the screen grid is coupled,
through a fixed condenser, C, with a value of
0.0001 mfd. or larger, to the grid end of the coil
in the detector grid circuit. The plate voltage
for the cx-322 is obtained through the r.f.
choke. Using the 322 there was quite a definite increase in the output of the "Lab" receiver. The change in detector plate current —
which is a measure of the signal impressed on the
grid of the detector — was too small to measure
when the 227 was used. With the screen-grid
tube, the change in plate current was quite noticeable indicating a definite increase in gain
due to the screen-grid tube. This circuit has the
disadvantage that the 322 must be supplied with
filament current from a battery source. The filament of a 322, being the same as that in a 120
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type tube, requires 0.132 amperes at 3.3 volts
which may be supplied economically from three
dry-cells but it would, of course, be an advantage
if the filament could be operated by a.c. supplied
by the filament transformer used to heat the
filaments of the tubes in the circuit.
The next step, therefore, was to rewire the
"Lab" circuit for a.c. operation of the cx-322
using the same circuit as was used in the allwave receiver. The plate voltage was 135 volts
and the screen voltage 45 volts, both obtained
from B batteries. Filament voltage is obtained
by connecting the 1.5- and 2.5-volt windings on
the filament transformer in series as indicated in
the circuit, Fig. 2, so that the voltages add.
The voltage is then reduced to 3.3 by means of
a 5-ohm resistance connected in series with one
side of the filament circuit. If the two windings
are connected so that the voltages buck each
other the filament of the screen-grid tube will
not light and the connections to one of the wind-

FIG. 2
ings should then be reversed. A 1500-ohm resistor, by-passed with a 0.01-mfd. (or larger)
fixed condenser, is connected between the centertapped resistance and minus B to supply C voltage for the grid of the 322 type tube. The complete circuit is given in Fig. 2.
This complete a.c. circuit for some reason,
not yet determined, seems much more tricky
than the d.c. circuit of Fig. 1, and in general,
the performance of the circuit with a.c. on the
322 filament was not altogether satisfactory.
The operation of this complete a.c. model had
the disadvantage that the output of the receiver
contained a loud hum when the detector was
put into oscillation and the two tuning circuits
brought into resonance. Apparently under such
conditions the 322 began to oscillate. A definite
increase occurred in the current flowing in the
screen grid circuit. This trouble was not caused
by common coupling in the battery supplying
the screen circuit for the same effect was noticed with a separate battery supply to the screen
When the detector circuit was not oscillating
the output of the receiver was quiet. Therefore,
grid.
the only practical disadvantage of the arrangement was that it made it difficult to tune-in
signals, especially weak ones, by means of a
squeal for the hum is loud enough to make
a faint heterodyne whistle inaudible.
Some experiments were now made using a
neutralized circuit. In this model of the "Lab"
receiver, the lead from the plate of the r.f. amplifier to the detector coil is several inches long
and, although when using a 227 in a Riceneutralized amplifier the long lead will have no
effect on the stability of the circuit, it was
thought that it might be causing some trouble
when using a 322 without neutralization. We
therefore changed the circuit of the r.f. stage to
that given in Fig. 3. The small twisted lead con-

nected to the grid and plate of the 322, consisted
of two 2-inch lengths of insulated wire twisted
together. These wires constituted a small condenser and were used to increase tthe grid-plate
capacity of the tube to about 0.00001 mfd.
(10 mmfd.) so that the circuit might be neutralized with a standard neutralizing condenser.
The neutralized receiver gave somewhat more
stable operation than the unneutralized circuit
but the hum, with the detector oscillating, was
still present.
As a result of these experiments we are unable, for the present, to recommend the use of
a 322 in the "Lab" circuit with its filament operated on a.c. Those of our readers who have a
d.c. operated "Lab" receiver may use a 322 in
accordance with the circuit given in Fig. 1
and the receiver will give somewhat greater
gain than was obtained using a 201-type tube.
In some cases it may be found that the selectivity of the circuit using a screen-grid tube is
not as good as when using a 201 -a type tube as
the r.f. amplifier. The selectivity may be improved, however, by substituting a midget variable condenser with a maximum capacity of
0. 0001 mfd. lor the fixed 0.0001-mfd. condenser
connected between the plate of the screen-grid
tube and the grid end of the detector coil. The
selectivity of the circuit may be adjusted to a
satisfactory value by varying the setting of this
rmall condenser.
The results of these experiments will be applicable to other receivers of the same type as
the "Lab" set. To revise these other receivers
for screen-grid operation, it is simply necessary
to remove the connection to the NP winding.
1. e., the primary and neutralizing windings of the
r.f. transformer and then connect a lead from
the plate of the 322 through a condenser with a
capacity of about 0.0001 mfd. or larger to the
grid
end of the
secondary
in the
detector's
grid circuit.
Voltage
for thecoilplate
of the
screen
grid tube should be supplied through an r.f.
choke, Fig. 1, which should have an inductance
of 85 millihenries or more.
Experiments, as have been described here, can
readily be duplicated in a home laboratory.
To many of our readers, experimenting with
sets and circuits in their own small iab., equipped
in many cases with instruments made from descriptions that have been given in Radio
Broadcast, is proving an intensely interesting
part of their radio training. How much one really
knows quantitatively about radio engineering,
depends almost directly upon how many and
how systematically experiments have been
made; experiments not carried out with a definite
aim in view, generally yield no concrete results
and do not greatly increase one's knowledge of
radio phenomena. The Laboratory will always
be glad to hear from any readers who do, or
have done, any such experimenting.

FIG. 3

AJi EAST SET TO BUILD
Little explaining need be done if this illustration is- compared with Figs, i and 2. The "loop tap" indicated by
the pencil is not used in this set but is shown merely to indicate how this type of tap is made. In this coil, the
tap employed is near the detector and cannot be seen in this photograph.
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receiver illustrated above is simple to built, costs but little, delivers
high-quality signals, and is reasonably
selective. It provides an excellent receiver for the
beginner to try his hand at — after having put
together this array of apparatus he has the whole
world of radio home construction at his feet.
There are many people who would like to listen
to local broadcasting without a great expenditure
of cash, either for the radio set or for its upkeep.
This set will provide good signals from broadcasting stations not too far away at small cost.
The receiver consists of a tuner, a crystal detector, an amplifier and a pair of head phones.
Anyone with a soldering iron and a pair of pliers
can assemble it in an hour. The disadvantages of
the receiver are few: it is not selective enough to
distinguish between stations operating within
30 kc. of each other; it will not receive the
"coast"; but for reception from locals or powerful stations up to 100 miles away it is excellent.
Because of the special electrical characteristics
of the crystal — in this case, a piece of carborundum— it is possible to use a high-ratio audiofrequency amplifying transformer. The step-up
1 as between primary and secondary circuits in
this case is 6:1. Any present-day transformer of
1 such high ratio, used with a vacuum tube detector circuit would give comparatively poor quality
— the low notes especially would suffer.
The coil can be made at home, or any commercial coil may be employed provided it has
the proper number of turns to cover the broadcasting band with the condenser used and provided itis not too difficult to solder a few taps on
it. The condenser may be any assembly that
happens to be in the builder's junk box. Naturally, the better the coil and the condenser the
better the final result.
A good way to wind the coil is to place a
' rat tail file, a pencil or a piece of dowel rod
through the spool containing the wire which is
to be wound on the coil form and to place the
THE
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Director of the Laboratory

spool on the floor. Two holes are drilled in the
ends of the coil form and one end of the wire from
the spoil is looped through one of these holes. A
weight,
feet the
for wire
example,
the
rat tail one's
file, and
woundis placed
on the onform.
The purpose of the weight is to keep the wire
taut so that it goes on the form tight enough that
it will not fall apart under temperature or humidity changes. When the proper number of turns
has been wound, the wire is cut and the end
looped through the second hole in the coil form.
The diagram, Fig. 1, indicates the exact number
of turns recommended for this receiver. Taps
should be made at three places, dividing
the coil into four equal parts. These can be
made by twisting a loop of wire when it is wound
on the form or by soldering short lengths of wire
to places where the insulation has been scraped
from the wire after winding. The loop method is
shown in the photograph above.
Strongest signals will be obtained with the
antenna wire attached to one end of the coil and
the ground to the other. At the same time the
selectivity will be poorest. To improve the selectivity, the antenna may be tapped on to the coil
as shown in the accompanying illustration, or an
additional winding of about 10-20 turns may be
wound about the larger coil and the antenna and
ground attached to it. The antenna should be
about 75 feet long.
Still greater selectivity may be obtained by
tapping the detector circuit to only a part of
the coil. Note that this was done in this receiver.
See Fig. 1. This is because the crystal is a low
impedance detector and increases the effective
resistance of the tuned circuit consisting of the
coil and condenser. When tapped across part
of the coil this increase in resistance, and resulting decrease in selectivity, is not so marked.
The arrangement used in the Laboratory is
shown in Fig. 2. In the Laboratory, signals
freer from outside noise or "interference" were
secured by not grounding the crystal circuit.
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This may not be the case generally and for this
reason the constructor should try grounding the
circuit as shown in the dotted lines.
With this receiver, tested in our Laboratory,
and using the tapped arrangement, it is possible
to hear wjz 30 miles away when weaf is operating 8 miles away although with bad interference.
With a wave-trap tuned to weaf, considerable
improvement
is noted,
wjz cannot be heard in
at wjz's
all if signals
the detector
is connected
across the entire coil.
The parts actually used in the set photographed follow, and any similar apparatus may
be used. It is even possible to hear signals with
a crystal, home assembled, such as galena or
silicon — a very cheap detector. The home
constructor is advised against such procedure.
The Carborundum unit is recommended because
it is a compact, stable, and sensitive unit, and
because it is possible to use a biasing voltage on
it to increase its sensitivity.
The constructor may use a small flash-light
cell as the biasing battery or he may use the
voltage obtained from dry cells used to light the
filament of the amplifier tube. Using the extra
cell is simpler, but has the disadvantage that it
is an additional unit which needs replacement.
If the dry cells are used, the dotted lines in the
diagrams should be followed, or as in the insert
in Fig. 2, where the voltage drop across the
rheostat is used.
It does not matter where the various parts are
located on the base board. One arrangement is
shown in the photograph. The picture wiring
diagram, Fig. 1, shows where the wires go.
The signals from this receiver may be amplified
by any of the power amplifier units now readily
obtainable. If a two-stage amplifier is used,
such as is made by Samson, Amertran, SilverMarshall or others, the output of the detector
may be used and the amplifier tube, transformer,
and accessory apparatus shown in this model may
be eliminated. (Dotted lines in Fig. 2)
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The rheostat is used to turn on and off and
to control the current through the amplifier filament. It should never be turned on further than
is necessary to bring in the signals at proper
volume. An experiment will show that turning it
beyond this point does not increase signal
strength. As a matter of fact such a procedure
only decreases the life of the batteries and the
tube. One 45-volt B-battery block and three dry
cells will last several months with such a simple
receiver.
After constructing such a receiver there is the
possibility of adding another stage of audio
amplification for loud speaker signals, and the
Laboratory will be pleased to supply information
on how to do this to those who write. There is
also the possibility of adding a stage of radiofrequency amplification to such a receiver,
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SIMPLICITY ITSELF
The panel is 7" X 12" and can be fitted into any cabinet which suits the owner. The
Remler dial noted in the parts list was not available when this photograph was taken
thereby making it much more selective and sensitive and as a result to increase its distancegetting ability. In fact, a three-tube set using
the Carborundum unit as a detector provides
the listener with a high quality, reasonably selective receiver for reception. from stations within
several hundred miles. The Laboratory has received anumber of letters from readers who have
done very creditable DX work on such an outfit.
How such a receiver as is described here is
used in Radio Broadcast Laboratory may be of
interest. At times considerable noise is picked
up in the Laboratory from the presses, which
print Radio Broadcast and many other magazines, making the testing of receiving equipment
impossible. Down at the shack, a distance of
about 1000 feet from the Laboratory where 2 gy
is located the "air" is quiet. The receiver illustrated here is installed there and permanently
tuned to weaf. The output from the detector is
sufficiently high that it can be placed on a wire
line coming to the Laboratory where it is fed
into a two-stage amplifier and thence to a loud
speaker. When necessary, the first-stage amplifier
on the base board with the detector is thrown
into the circuit by means of an extra line and
the output from it is put on a third pair of wires.
This output may be used in connection with a
single power stage or loud speaker operation. At
all times, when near-by broadcasting stations
are on the air we have good signals available in
the Laboratory for testing purposes.
THE LIST OF PARTS
The experimenter who already has odds and
ends of radio apparatus in his possession can
probably assemble the receiver described here
without the purchase of much additional apparatus. The parts listed below were used in the receiver described, although of course any others,
electrically and mechanically similar may be
selected.
Ci — Remler 0.0005 mfd. type No. 639 condenser Remler standard dial
L> — 52 turns No. 24 s.c.c. copper wire
Phones or
3" form
Li —wound
10-20onturns
No. 28 q.s.c. copper
Power
Amplifier
Ti —wireGeneral Radio No. 285 audio
' cells
transformer
Ri — Frost 30-ohm rheostat
Carborundum Company detector
Three dry
unit
Frost
UX type
socket
Fahenstock
spring
clips (8)

FIG. I
How to place and connect the parts employed

To one dry cell

fig. 2
Circuit diagram of the crystal set and one stage of audio amplification. The insert
shows how the detector bias may be obtained from the voltage drop in the rheostat

One — ux-199 vacuum tube
One — Westinghouse Micarta panel
One — Wood baseboard
3 — -dry cells
One — set Trimm headphones

THE EVER-POPULAR ROBERTS SET WITH
The illustration is lettered to agree with the list of parts on page 101 and
model of the a.c. Roberts reflex circuit was built to fit in a phonograph
structor to follow this layout for wide latitude is allowed by
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THE thousands of set-builders who
have constructed the original three-tube
Roberts, few have been won over to
any other circuit unless they have gone to a
much more elaborate and expensive layout. For
those who know the merits of the Roberts circuit, a.c. operation as described in this article
is almost inevitable.
Beginners will find in this receiver a set which
is easy to construct and uniformly excellent in
results as to the quality, selectivity, sensitivity,
volume, and distance reception.
An important feature is that this circuit does
not require the most expensive pieces of equipment. Itmay be constructed from whatever materials are at hand. The skeptical may make a
rough assembly of old parts, and then convince
himself that the substitution of any good lowloss parts will give better results. [The list of
parts and the photographs show exactly what
was used in the set described by the writer. The
parts are all standard and readily available.
Wide substitution can be made, according to the
desire of the constructor. — Editor.]
Another good feature is the fact that the arrangement ofparts and the panel shape do not
affect the results. This circuit has been built by
the writer on square panels and on long narrow
panels, and to fit in all kinds of cabinets with
excellent reception in all cases.
The first thing to consider is the coils. Manufactured coils may be used if desired. The writer
has used Sickles and Hammarlund-Roberts with
perfect satisfaction. If the set-builder desires to
make up his own coils they can easily be made.
OF
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Thirteen-point spider-web fiber forms are required. They may be obtained from the 10-cent
stores. The antenna coil consists of thirty-five
turns wound over-two-and-under-two spokes,
with a twisted loop or tap every five turns.
There are two secondary coils Lj and L4, and each
consisting of forty-four turns wound over-twoand-under-two spokes. The tickler coil, L5 consists of twelve turns wound over-two-and-undertwo spokes. These four coils are all made of No.
The A. C. Roberts Receiver
THE Roberts receiver, first introduced by
Radio Broadcast in 1924 won many friends
for radio and many for this magazine. It has been
constructed by more than 100,000 radio fans and,
in one form or another, is still giving satisfactory
service all over the world. The circuit is so efficient— considering the number of tubes employed
— and so easy to build and operate that its popularity, like a certain famous cigarette, is deserved.
Many readers are still interested in building the
circuit
and Mr.
hereingives
them full
instructions
and Hery's
a widearticle
latitude
construction.
For those who are interested in making over their
present Roberts set for a.c. operation, the last part
of this article provides sufficient information. The
circuit shown here employs the original reflex arrangement. Those who desire to employ a straight
audio stage and eliminate the reflex may secure
information by writing to our Technical Information Service.
— The Editor.
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22 double cotton covered wire. The NP coil L3,
is made of No. 26 double cotton covered wire.
This coil consists of a double winding; that is,
two parallel wires wound over-one-and-underone spoke, with eighteen turns. In other words,
there are two concentric coils of eighteen turns
each. The wire may be twisted or kept flat,
preferably the latter.
The antenna coil and its secondary coil are
mounted on the same shaft about f" apart. A
long brass machine screw (3§" or more) makes
an ideal mounting arrangement, using a nut on
either side of each coil to hold it rigid. The machine screw is bent to give any desired mounting angle to the coils, and fastened through
the baseboard with a nut. (See Fig. 1) Fig. i-B
also provides a very simple mounting through
one of the spokes of one coil.
A standard mounting for the tickler coil is
an arm. with knob for panel mounting. The NP
and secondary coils may then be mounted on a
screw through the baseboard as shown in Fig. 2.
The dotted lines show the tickler coil in the
raised position.
It is important that the antenna coil and its
secondary be mounted so that the direction of
rotation of the windings is the same for both
coils. Likewise the NP, Secondary, and Tickler
coils should be wound in the same direction.
One way to avoid trouble from this source
is to proceed as follows: when the coils are
wound, mark on the forms an arrow which points
around the form in a clockwise direction. Then,
starting from the inside and proceeding to the
outside of the form, the wire should be wound
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winding to locate the corresponding inside and
outside ends. ■
LOCATING THE APPARATUS
THERE is nothing special to be said about the
locating or mounting of the remaining equipment, with the exception, of course, that the grid
and plate leads should be kept short. The photographs give an idea of a good baseboard layout
which was designed to fit a phonograph cabinet
and to include all the a.c. power supply apparatus. The panel layout suggested may easily be
modified to suit the size and shape of the panel
used by the constructor who duplicates this receiver.
The switch mounted on the panel controls
the line current supply and should be of a size
and capacity equal to wall switches used for
house lighting. A simple method is to use the
body of any ordinary no-volt tumbler switch
and mount it directly on the panel with a slot
cut in the panel for the lever.
No rheostats are needed when the a.c. tubes
are used, and the volume control may be a
25,000-ohm potentiometer in the antenna circuit
or the volume control may be as indicated in the
model described here, i.e., a variable resistance
such as a Clarostat or Bradleyohm across the
secondary of the first audio transformer. No
loud speaker jack is shown on the panel, as
modern practice tends toward mounting this
at the back of the set if it is used at all, with
the antenna and ground binding posts.
As to the make of tubes to be used, there is
little choice between standard, reliable products. There has been considerable doubt on the
part of prospective set-builders as to whether the
a.c. tubes will give very long usage. For those
who prefer to make certain, a written guarantee
is given with some makes to replace tubes free
of charge if they fail to function for one year.
This should satisfy the demands of the most exacting buyer. This article describes the use of
a.c. tubes which employ the Radiotron type
bases, although the set will work excellently
with the Sovereign or Kellogg a.c. tubes. In the
event that the builder uses this type of tube,
the major difference between that construction
and this is in the a.c. filament circuit.
No rules need be observed in the assembling
of the set, except that the filament leads should
be isolated as far as possible from all other
leads, and especially from grid leads. The pho-

■
FIG. IA-B
Details for mounting and tapping the coils
on in a clockwise direction. The coils in each
assembly should be arranged so that all of the
arrow marked sides face in the same direction.
The two groups of coils should be mounted as
far apart as mechanically possible, and at right
angles to each other.
After the coils have been mounted and the
positions of the other pieces of equipment have
been determined, the inside and outside leads of
each coil may be brought to the most convenient
spoke of the spider-web form, and fastened
through a hole in the spoke by means of a screw
and nut (see diagrams). Then the spokes may
be cut off to within \" of the wire on the coil,
thus reducing the over-all size of the coils.
For connections, the outside and inside leads
of coils are indicated on the wiring diagram by
"O" and "I" respectively. The center point of
the NP is coil indicated by "M." The coils as
they appear on the wiring diagram, Fig 3, from
left to right are as follows: Antenna, Li, antenna
secondary, L2, NP, L3, and L6, secondary, L4, and
above the secondary, the tickler coil, L6.
The taps on the antenna coil may be connected
to an inductance switch if desired, but a simpler
method is to place a test clip (See Fig. 1 A) on the
end of the ground lead, and clip to the tap which
gives the best results. The longer the antenna
in use, the fewer turns will be required on the
antenna coil. One tap will be found which will
give satisfactory results on all wavelengths.
The method of obtaining the mid-point "M"
of the NP coil may require some explanation.
"M" is obtained by connecting the inside end
of one winding with the outside end of the other
winding. Two different colors of v/ire may be
used to avoid confusing the two windings, or a
flashlight bulb may be lighted through each
0

FIG. 3
Diagram of connections. Those who desire to convert their d. c. Roberts sets
can follow this diagram and instructions on this page and the one following

Base Board
FIG. 2
The coils and their relation to the panel
tographs show how this may be accomplished,
it is undoubtedly wise to complete all other
wiring of the set before starting the filament
wiring, to avoid any possibility of connecting
filament leads to any other part of the circuit.
The filament current may be obtained from
a filament transformer. If a 1 12 or 171 type tube
is to be used for the last amplifier, the filament
transformer should have three voltages; namely,
1 J volts, 25 volts, and 5 volts. Some B power
units provide a 5-volt winding which may be
used for the amplifier tube, in which case only
the two lower voltages need be supplied by the
filament transformer. If a 210 type tube is used
for an amplifier volts are required for the
filament, and this voltage is usually provided in
the power pack or powerizer being used for plate
current.
Any good filament transformer may be used,
some makes furnishing mid-taps for the 25-volt
and 5-volt windings. It is not wise to use a midtap in the transformer on so low a voltage as
1 1, so that instead a mid-tap resistance or a potentiometer, R6,is used to obtain the mid-point
of the 1 f-volt winding. The mid points of the
2j-volt and 5-volt windings may be obtained
in the same manner if the transformer is not
provided with mid-taps.
SECURING GRID BIAS
FOR grid bias on the reflexed tube, the center
point of the mid-tap resistance is connected
to one side of a 1000-ohm resistor, R4, The other
side of the resistor is connected to ground and
there is a 1.0-mfd. condenser, C7, across the resistor. For grid bias of the power tube, the midtap of the filament transformer winding supplying this tube is connected to a resistance of
2000 ohms, R3, the other side of which is connected to ground. A 1.0-mfd. condenser Cs is
placed across this resistance. This value of resistance issatisfactory for 112 and 171 type
tubes.
Some tube manufacturers recommend a positive grid bias for the heater of the detector tube,
and some recommend negative bias. In this circuit no bias has been found necessary. The midtap lead of the 2^-volt winding may be connected toplus 45 instead of to ground in the event
that there is excessive hum in the output of the
receiver.
A 227 type tube may be used in the reflex
position if desired, but satisfactory results should
be obtained with the 226 type, and this type
is somewhat cheaper than the 227 type.
Each pair of filament leads must be twisted
with about two or three twists to the inch to
avoid hum. Likewise, the leads which go to the
tumbler switch on the panel should be twisted,
as well as any other a.c. leads in or around the
set. For filament wiring, no smaller wire than
No. 14 should be used, as the a.c. tubes draw a
much heavier current than the d.c. tubes. For
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wiring the balance of the set Celatsite
or similar hook-up wire is recommended.

T2 — Thordarson R-200 audio transformer.
T3 —transformer.
Acme Apparatus AC-2 filament
T4 — Bremer-Tully output device.
•— Frost open-circuit jack.
■— General Electric tumbler switch.
5— Spiderweb coil forms and 2 coil
mounting arms.
— Wire for coils: ;-lb. No. 22 d.c. c;
£-lb. No. 26 d.c.c.
2 — Benjamin ux sockets.
Benjamin
21 —— Marco
dials.uy socket.

CONVERTING YOUR D. C. ROBERTS
FOR the conversion of a storagebattery-operated Roberts set to
complete a.c. operation, the 'wiring
diagram and the instructions already
given are perhaps sufficient. The substitution of a B- power unit for a B
battery needs no explanation. Obtaining grid bias without C batteries, though sometimes confusing,
THE ALL IMPORTANT CONTROLS ARE HERE
should be clear from the diagram.
A C-battery in the grid circuit
puts the grid voltage below the filament
sers, a rugged low-loss construction such as
voltage, whereas a resistance between the General Radio is strongly recommended. The
filament circuit and ground places the filament
parts required for conversion of the d.c. set to
voltage above the grid voltage. The effect a.c. are indicated separately at the end of the list.
is the same in either case. The C batteries
The values given for fixed condensers, resismay first be removed and connections made in
tances, etc., will generally be found satisfactory,
their place as shown in the diagram. Next, the but they may be experimented with after the
set is in operation, for possible improvement
filament leads of each tube in the d.c.-operated
to suit the taste of the user.
set may be increased in size if necessary to carry
the heavier current taken by a.c. tubes. [Wire
tables showing current carrying capacity will
LIST OF PARTS USED
give this information. Or see Radio Broadcast
Laboratory Information Sheet No. 141, NovCi,condensers.
C2 — General Radio 0.0005-mfd. variable
ember, 1927, issue. — Editor.} Care must be taken
in this changeover to a.c. not to remove any leads
C3 —denser.
Hammarlund 9-plate neutralizing conwhich serve some purpose other than lighting the
C4 with
— Dubilier
clips. 0.00025-mfd. fixed condenser
d.c. filaments. A "uy" socket may now be substituted for the ux socket in the detector posiC5 — Dubilier 0.0005-mfd. bypass condensers.
tion, and the same grid and plate leads that
C6 — Dubilier 0.002 5-mfd. bypass condenser.
were connected to the ux socket go to the uy
C7,sers.
C8 — Aerovox 1.0-mfd. bypass condensocket. If an output transformer or filter is not
in use, one should be installed as shown.
Ri — Clarostat volume control resistor.
In the list of parts given here, some names of
R2 — Tobe Tipon grid leak (about 2.0-meg. alalthough various values should be tried).
equipment are mentioned because of successful
R3 — Hardwick-Field C-bias resistor, 2000experience with these makes. Perhaps other
ohms.
makes will give equally good or even better
R4 — Ward-Leonard C-bias resistor, 1000
results, but some experimenters often like to have
ohms.
something definite in mind when they do their
R5 — General Radio center-tapped resistor.
purchasing. In the case of the variable condenTi — Amertran AF-6, 5:1 audio transformer.
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5— Eby binding posts.
— No. 14 lamp cord for a.c. circuit.
— 25 ft. Celatsite hook-up wire.
Test clips, screws, nuts, baseboard,
and Westinghouse Micarta panel.
ADDITIONAL PARTS
I — B-power unit supplying the following
voltages: 45, 90, 135, 180
1 — Type 227 a.c. tube
11 —— Type
226 a.c.tube,
tube.either 112 or 171 type
Semi-power
The coils used in the set described are
home-constructed according to directions .
in the article. Sickles or HammarlundRoberts coils may be used if the builder
prefers to use manufactured coils.
The circuit and building instructions deal
with the 226 and 227 type of a.c. tube
although as indicated in the article, the
Sovereign or Kellogg heater type a.c. tubes
can be employed equally well if the constructor makes the necessary filament
circuit and mechanical changes required.
If one has on hand a d.c.-operated Roberts
receiver which is to be changed over to a.c.
operation, it will of course be possible to use in
the revised set most of the parts contained in
the d.c. model. Only the following items in the
above list of parts need be purchased, in changing a set from d.c. to a.c. operation : C7, Cs, R3, R4
R6, T3, one Y type socket and a line switch.

THE BASEBOARD ALLOWS ROOM FOR A B-POWER UNIT
This provides complete a.c. operation with maximum simplicity
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, N A recent visit to kdka I had demonstrated tome the simplest and most inexpensive radio receiver in the world.
Although generally cautious in the use of superlatives, inthis case I use them without fear of
contradiction. The cost of the receiver in question is precisely nothing. It is exceedingly
compact; you could hide it under either half of
your mustache, although it might not be convenient to keep it there. It is portable; you can
carry it around the house, or outside, set it up
in an instant, and when you don't want it, it
disappears. It provides a loud speaker signal of
moderate intensity. The loud speaker is contained inthe set. There are no knobs, tuning controls, or adjustments of any kind; a child can
operate this receiver just as well as a radio
engineer. It requires no antenna and no battery
or power supply of any description. The maintenance cost, it follows, is nil. In these respects
it is certainly the ideal broadcast receiver.
It has only two faults, which, in all honesty,
I shall now reveal. It will not receive any other
station than kdka. The tone is decidedly thin.
The technical gentlemen of the Westinghouse
Company can produce any reasonable number of
these radio receivers on the transmitter grounds
on a moment's notice. All they do is to pick up a
nail or piece of metal and touch it to a spike in
one of the wooden poles which support the
antenna. Withdrawing the bit of metal slightly,
the experimenter pulls out an arc a quarter or
half inch long. He is thus drawing out of the air,
according to orthodox radio principles, a few
watts of the fairly considerable number which
kdka is flinging prodigally over the Pennsylvania
hills. As this radio-frequency arc is modulated,
it sings shrilly in accordance with the voice or
music which is agitating the kdka carrier at the
moment. It is a radio receiving set, with all the
virtues that I have claimed for it. And when you
are through with it you toss the nail away.
This receiver possesses one other convenience
which, as far as I know, is incorporated in no
other instrument of its class, and is found lacking even in $3000 outfits built for barons and
millionaires. You can light a cigarette with it!
Operation of Broadcasting Stations
20. FIELD strength measurements
operators of broadcast transmitters
MOST
have only the vaguest sort of idea of
what their outfits are actually doing, in
the way of providing a signal for listeners, even
in their immediate neighborhoods. A broadcasting station depends on its listeners just as much
as a newspaper depends on its readers, or a gas
or electric power company on its customers. The
newspaper comparison is closer from the practical commercial angle, while physically the gas or
exact. The
any mitte
analo
comptrans
powercast
r gymustis quite6
broad
provide a certain
radio-frequency pressure for the listeners whom
it wants to reach, just as the gas company must
maintain a certain gas pressure if it wants to sell
gas, and the electric power concern must keep a
fixed electric potential between its wires. The
difference is that the power and gas companies
know what that pressure is, whereas the broad-
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caster generally does not. Yet there is no great
mystery about the matter. The field intensity
of a radio transmitter can be measured, not as
simply as gas and electrical pressures, but with
an amount of cost and trouble which is certainly not prohibitive considering the fundamental importance of the knowledge gained and
the fact that a large investment is often involved. Every broadcast technician should at
least know the general theory of field intensity
measurements and calculations.
The principal articles in the I. R. E. Proceedings are the following:
Englund, C. R. : "Note on the Measurement of
Radio Signals," Vol. 11, No. 1, Feb., 1923.
Bown, Ralph; Englund, C. R.; and Friis, H. T.:
"Radio
Transmission Measurements," Vol. n,
April, 1923.
Austin, L. W. and Judson, E. B.: "A Method of
Measuring Radio Field Intensities and Atmospheric Disturbances," Vol. 12, No. 5, October,
1924.
Jensen,
A. G.:
"Portable
Sets for
Measuring
Field
StrengthsReceiving
at Broadcasting
Frequencies," Vol. 14, No. 3, June, 1926.
Friis, H. T. and Bruce, E.: "A Radio FieldVacuum-Tube Voltmeter

Size
loop, 5 103 cm. square
No. ofof turns.
Inductance, 77ohms
microhenries
Resistance,3.5
FIG. I
Strength Measuring System for Frequencies up
to Forty Megacycles." Vol. 14, No. 4, August,
1926.
For those who do not wish to consult the
sources listed above a brief outline of the subject ispresented here.
A transmitting antenna, with a certain amount
of radio-frequency current flowing in it, sets up a
moving field of electric force which is expressed
in volts per meter, or in some more convenient
units, such as millivolts or microvolts per meter.
This simply means that if a receiving antenna is
put up within range it will be charged by that
field to a certain radio-frequency potential for
each meter of its electrical height. The field
strength of a 5-kw. broadcasting station, about
ten miles away across fairly good transmission
territory, may be of the order of 30 millivolts per
meter, to give a practical illustration. Then if a
listener puts up an outdoor antenna with an
electrical height of 3 meters, he will get 90 millivolts from that transmitter to put into his receiver. The electrical height is less than the
physical height (one-half is a common ratio).
It is a measure of electro-magnetic effectiveness
in transmission and reception. Its meaning may
be better understood after a study of the basic
absorptionless transmission formulas:
102
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Ir = 120 TC

Is hr hs

40 X 10-5 X
Is hr hs f (1)
/ ,

R
R
where lr is theX dreceived
antenna dcurrent
in
amperes, Is the transmitter antenna current in
amperes, X wavelength in meters, f the frequency in kilocycles, hr the effective or electrical height of the receiving antenna, in meters,
hs the effective height of the transmitting antenna, in meters, d the distance in meters between the antennas, and R is the resistance of
the receiving antenna.
The transmitting current may be measured
by means of a thermo-ammeter in the base of
the antenna. The wavelength and frequency
are known, if only because the Federal Radio
Commission and the Department of Commerce
insist on quite accurate data on this point. The
resistance of the receiving antenna at the particular frequency in question may be measured
by the added resistance method. (See Circular
of the Bureau of Standards, No. 74. "Resistance
Measurement.") The distance d is a factor which
may be set by placing a receiver a few wavelengths from the transmitter, and then Ir will
be sufficiently high so that it may be measured in
the receiving antenna directly by means of a
thermo-galvanometer or thermo-milliammeter,
or the voltage across a receiving loop may be
found by means of a vacuum-tube voltmeter.
Thus the product of the two effective antenna
heights, hr hs may be calculated from (1), rewrit en asfollows:hrhs=l£iARJ;
(2)
Of course this does not40Xlsf
give us either hr or whs
individually. As stated before, hr may be approximated bytaking half the physical height
of the flat-top of the receiving antenna above
ground, if it is well removed from absorbing
objects. Or, in the case of a loop antenna, it may
be calculated by a formula which is derived from
our knowledge of the mechanism of radio transmission and the nature of radio-frequency
pick-up by a loop or coil antenna/which responds
to the electro-magnetic component of the wave.
With the loop turned end-on to the direction of
radiation, and the antenna effect disregarded,
the effective height is given by:
Area X Number\
of Turns (3)
,,
hr = 2X
Thus hr and hs may both be determined.
The quantity hs is also of importance in that
it is a measure of the radiating efficiency of the
transmitting antenna. This radiation resistance,
as it is called, is a part of the total resistance of
the antenna. An antenna, like any other energyconverting device, has losses. The ohmic or heat
loss incidental to currents flowing in a conductor
is one of them. Then there are dielectric losses
in the ground or in objects near the antenna.
These are actual losses of energy similar co the
losses caused by windage, winding resistance,
and mechanical friction in an electric motor.
But -an antenna is peculiar in that it has one
type of loss of energy which it is definitely
designed for, which is its reason for existence.
It radiates energy, which is purposely lost so
that it may be picked up elsewhere for the
communication of intelligence. The total power
dissipated in the antenna is given by:
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Pt = Is2 Rt
The radiated portion is given by:
Pr = U2 Rr
Rr = 1600 Ar-r Ohms

(4)

(5)
where Rt is the total transmitting
antenna
hs2 resistance, and re-hs
sistance, Rris the radiation
and X are in the same units of length. Thus when
we have determined the radiation resistance of
the transmitting antenna by the procedure
which is outlined by formulas 1 to 5, we have
some idea of the energy radiated by the transmitting antenna, which means that we know
the fundamental quantity in the physical functioning of the station when it is "on the air,"
We know how much of the power we put into it
is getting away from the station.
A practical little summary of work in field
intensity determinations is the pamphlet by
R. O. Cherry, prepared under the direction of
Professor T. H. Laby, on "Signal Strength
Measurements of 3LO, Melbourne." The measuring set consisted of a loop, a tuning condenser,
and a thermionic voltmeter to measure the
potential induced in the loop by the broadcasting station. The voltmeter was an instrument
of the Moullin type, manufactured by the
Cambridge Instrument Company, using plate
rectification to cover a scale of 0-1.5 volts.
Cherry's pamphlet does not show the voltmeter
circuit, but this has been reproduced in Fig. 1
of the present description, from page 35 of
Moullin's "The Theory and Practice oj HighFrequency Measurements" (Charles Griffin &
Co., Ltd., London), an excellent work which
has been reviewed in this magazine. Moullin's
Fig. 25, added to Cherry's Fig. 1, gives us our
Fig. 1. In the manufactured form of the instrument the plate battery is dispensed with and the
1.6-volt negative grid bias is secured from the
6-volt battery used to light the filament of the
tube. Aside from this battery the voltmeter is
self-contained. The calibration is stated to be
independent of frequency and the galvanometer
reads directly in volts, 1.5 volts r. m. s. being
full-scale. When the applied potential difference
exceeds 0.4 volt, grid current flows at the peak
of the positive half cycle, and the instrument
draws a slight amount of power, the apparent
resistance at full scale being of the order of 0.75
megohms, corresponding to a power absorption
of 2.5 microwatts. The voltmeter is used with
British valves intended for a 4-5 volt filament
potential, which is reduced to 3.5 volts in this
case, thereby prolonging the life of the valve
and the calibration of the voltmeter, barring
accidents, almost indefinitely.
The 3L0 report starts off with Formula (3)
of the present discussion, followed by an expression for the field strength, whose equivalent is:
(6)
E =
where E, in volts per meter, is the field strength
at the point of reception; V, in volts, is the
potential difference measured across the loop;
hr, in meters, is the effective height of the loop
w = 2xf, where f is the radiated frequency; L is the
inductance of the loop in henrys; and R is the
high-frequency resistance of the receiving circuit, at the frequency f.
It is easy to see how, according to (6) the
field strength, by definition, will equal the received voltage divided by the effective height
of the receiver, but the origin of the square root
factor may not be clear. Cherry gives no explanation, so it may be added that the expression without the added factor would be true for an open
loop picking up a voltage from the transmitting
station in question, but in practice it is necessary
to tune the loop, as shown in Fig. 1, both in
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order to select the e. m. f. from the desired
station, and in order to get enough voltage to
measure. But then we are measuringthe resonance
L2 , and this must be core. m. f. of the loopw2 circuit,
rected
before we can deduce the
field strength.
The next step is to measure or calculate the
inductance of the loop. For the calculation
process the reader is referred to the Bureau of
Standards circular cited above. If a calibrated
local oscillator is available, and the condenser
across the loop also has a known calibration,
the distributed capacity of the loop may be
determined, and the inductance is then easily
calculable from the wavelength formula:
x = 1.885 x io» y~Cc
(7)
where C is the total capacity (loop capacity
plus condenser capacity).
Fig. 2 shows a curve of wavelength against
various capacities of the tuning condenser when
the loop circuit is tuned to different frequency
settings of the oscillator coupled to it. The
line being extrapolated, the point where it cuts
the X-axis (zero wavelength) gives the disDISTRIBUTED CAPACITY OF LOOP
2000

2 1000
65

100 200 300 400 500 600 700 800
CAPACITY MMFD.
FIG. 2

tributed capacity of the loop. In the case of the
3 lo experiment the wavelength was 371 meters,
and the loop capacity was found to be 65 micromicrofarads, which, added to the condenser
capacity for resonance, gave a total capacity of
505 micro-microfarads, whereupon substitution
in (7) gives:
■
371 = 1.885
X 10V L X 505 x io "
L = 7.698 x 10-5 Henry
= 77 Microhenrys
The resistance of the loop, condenser, and
voltmeter circuit must also be measured.
Cherry gives the procedure, but instead of repeating itI shall refer those who have a practical
interest in the problem to Circular No. 74 again.
The mean of several measurements in the
particular example we are following was 3.5
ohms. A source of inaccuracy which must be
considered at this point is that the resistance of
the thermionic voltmeter is not quite constant,
introducing a variable loss, which Cherry believes is between 0.5 and 0.9 phm equivalent
series resistance. This will result in a slightly low
value for the higher field strengths, but as such
measurements, made with a loop, are not good
to better than 5-10 per cent., a mean value for
the high-frequency resistance of the receiving
circuit is sufficient for practical purposes.
All the other quantities needed for the calculation, first of the effective height of the loop
(Formula 3), then of the field strength (Formula
6), are known. Using Formula 3, we may write:
both the length of the side of the loop, which,
°3)*(5)the wavelength,
2 x <'-and
squared, gives the
nr = area,
being expressed in meters; the result gives hr,
also in meters, as 0.090. To get E from (6) we
w L 371
must find the value of
w is 21c f, and f is the
frequency corresponding to a wavelength of
371 meters; this may either be looked up in a
wavelength-frequency table or calculated from

the basic relationship that the frequency is the
velocity of light (3x10s meters per second)
divided by the wavelength, whence:
w = 2 1U = 5.08 X [O
_ 3 X [O8 „
L (5.08) (io«)3-5(77) (io-«)
and wR
V
So finally we get E
(0.09) (1 12) IO.I
This gives us the field strength in terms of the
reading of the thermionic voltmeter, divided by
a substantially constant factor, as long as the
same loop, condenser,371 and voltmeter are used,
and the wavelength remains the same. The loop,
of course, is turned to secure a maximum deflection for each observation. If the apparatus
were to be used for only one station, the waverectly. length of which is fixed, the voltmeter scale
could be arranged to read the field strength diIn the case of 3 lo, the following field strengths
in m/v per meter were found, using the procedure
outlined :
Distance
Direction
North
200
25060
East
1 Mile
West
105 Miles
45
From such data it is possible to draw contour
maps of the field pattern of a station, such as
those secured in the elaborate investigation of
the distribution of weaf and wcap (Bown and
Gillett: "Distribution of Radio Waves from
400 12, over
Broadcasting
Districts,"
Proc.
I. R. E.,Stations
Vol.
No. 4,City
August,
1924).
Bown and Gillett used one of the short-wave
measuring sets developed by Bown, Englund,
and Friis, and with this more elaborate apparatus
were able to get down to field strengths of the
order of a fraction of a millivolt per meter;
some of their curves extend to a distance of over
30 The simple
a hundred miles from90 the transmitter.
50
apparatus described by Cherry is, of course,
restricted to a much smaller radius, but it illustrates the principles involved just as effectively.
The contour lines in the case of 3 lo form a group
of quite regular concentric ellipses, which would
be expected with the transmitter located in fairly
open country. The pattern from a station
located, like the old weaf, in the heart of a city
like New York, is far more irregular, naturally.
Within the radius of neglectable absorption
the product Ed (field strength times distance
from transmitter) is approximately a constant;
this relation may be used as a check on the accuracy of the field strength measurements.
Goldsmith ("Reduction of Interference in
Broadcast Reception," Proc. I. R. £., Vol. 14,
No. 5 October, 1926) gives the following table of
program service as a function of field strength:
Nature of Service
Signal Field Strength
Poor service
service
0. 1 millivolt per meter
Fair
10.1. millivolts
millivolts per
per meter
meter
Excellent
Extremely
strong
V ery good service
service
100. millivolts per meter
1000. millivolts per meter
Edgar Felix has pointed out that the commercial
value of a broadcast transmitter, other things
being equal, is a function of field distribution.
This is true, and, when the owners of stations
realize it, more field strength measurements will
be made in divers neighborhoods. If the field
strength is not being produced in the sections
where it is wanted, the artists and the advertisers might as well go home, and the studio
be converted into a salesroom for artificial
flowers.
The limitations of space will not permit a
longer technical discussion of the subject.
Readers who are interested beyond this point
are again referred to Moullin's book, in which
Chapter VIII
thorough
study.(pages 218-254) is devoted to a
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IN THIS department last month we proposed
the question "Can the Broadcaster Improve
Broadcasting?" and averred that in our
opinion he could not and that the time was ripe
for him to call in outside help. The suggestion is
a sound one and we are further confirmed in our
conviction of its essential truth by our discovery
that the same idea occurred, at almost the identical time, to several other professional reformers
of radio.
Since we think the point is an important one
and worth acting upon, and since it is best emphasized byrepeating it, we quote from two other
scribes. Mr. Zeh Bouck, in his estimable column
in the New York Sun said in part:
"Our asseveration that the program departments of large broadcasting companies
were, in principle and practice, incapable
of turning out more than a small percentage
of meritorious programs — originality, interest, intelligence and esthetics being the criteria of merit — has aroused a certain amount
of controversial interest. The question arises,
if the program departments of the large
broadcasting companies should, as we have
suggested, be eliminated in some relatively
painless manner, who, then, should prepare
the programs? Or rather, let us say, conceive
the programs, for the actual preparation, the
manual labor, could still be left to the studio
hacks. There remain three possibilities. The
advertiser can prepare his own programs,
making broadcasting a section of his advertising department. Second, the advertising agency is a logical consideration, preparing material for broadcasting in a manner
comparable to the preparation of printed advertising. Both of these systems are in operation to-day, and are producing programs
notably superior to the rubber stamp variety
turned out by the broadcast organizations
themselves. . . .
"On the other hand, the program department of the large broadcasting organization,
turning out programs by the hundreds, fitting
a Swiss cheese classic and a rather extenuated
ode to Persian rugs into pretty much the
same skeleton after the manner of Martin
Eden writing his pot boilers, necessarily exhibits the creative talents of a child making
mud pies.
"There is still a third possibility which we
originally suggested a few weeks ago, namely,
the purchase by the broadcasting company
or advertising agency, for that matter, of
ideas and radarios submitted by free lances,
in much the same manner that stories are
submitted and bought by magazines. In
this manner, a wealth of new material and
ideas would supplement the rather wornout
traditions of radio Cook's tours and songs of
yesteryear.
"These ideas, and the radarios themselves
when necessary, could be readily adapted to
broadcasting by the station organization,
which is often as adept in the mechanics of
broadcasting as it is inept in creative brilliance."
Mr. Morris Markey, not a professional observer of radio, but a writer of special articles,
leaped immediately to this same conclusion in a
story written recently for the New Yorker.
"A small amount of work is being done
among the four hundred employes of the
National Broadcasting Company in the way

JOHN

PROGRAMS

CREATED?

WALLACE

of experimental programs. There have been
hesitant, and on the whole unsuccessful, efforts
to create visual images, of setting and atmosphere, through the loud speakers. And there
have been sporadic trials of dramatic episodes,
snatches of plays and such. But like most enterprises organized solely for the pursuit of
money, the broadcasting industry is conservative. An experiment itself, it looks upon
experiment in the entertainment it provides
as something to be avoided. It has failed to
recognize that radio has thus far produced
not one suggestion of showmanship. It has
failed to observe that the showmanship of
the microphone, when once it is developed,
will be a vastly different thing from the
showmanship of the camera or the stage.
The employes whose duty it is to keep the
performance going are, in the large part,
hacks. They are routine men who are not
hired for imagination or invention, but for
their ability to fill every hour on the air with
something or other, preferably of a revenueproducing nature. There is not in all the radio
world a figure comparable to the producer
in the theatre or the director in the movies —
and most of the gods of the trade are unconscious, apparently, of their need for such
a figure. Vaguely it is realized that something
will have to be done about the programs, but
few in the industry appear to understand
that these programs must have the touch of
a creative person upon them."
How
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Long Can the Ballyhoo Last?

Dodge
the Movie
big
second
THE
y, splurge
Brothers
Compan
its much oftouted
Star Hour turned out to be "just another
program." The foregoing review is a decidedly
unfair one, for at the time we write, the program
referred to has not yet taken place and will not
for several days. It is to be made up — or at the
time you read this, was made up — of the voices
of Norma Talmadge, Charlie Chaplin, Douglas
Fairbanks, D. W.. Griffith, John Barrymore, and

AMOS 'n' andy; alias correll and
GOSDEN
104
The
former
"Sam
V Henry"
team so popular
with listeners to won
have transferred
their
attentions to the microphone of wmaq of Chicago where they are heard nightly at 7:11 p.m.
central time, except Sunday and Wednesday

Dolores del Rio. It required the usual million
miles or so of telephone wires, the conventional
thousand or so engineers, and of course the trillion or so dollars of investment and commanded
the listening attention of every man, woman,
and child in the United States over the age of
thirteen months. And it served to convince this
particular reviewer that most of the individuals
heard had selected their profession with great
wisdom and ought to be encouraged to stick
to the silent drama. Mr. Barrymore, to be sure,
contributed an excellent reading of the Hamlet
soliloquy, but the only reward for listening to
the others was a satisfied curiosity concerning the
pitch of their voices.
Just to show us up as an inaccurate prognosticator, that program may turn out to be a wow.
But it hardly seems likely. There is no reason
to expect that because Norma Talmadge is
perfectly entrancing on the screen her voice is
going to prove anything in our parlor. We
would be far more willing to lay a wager with
Lloyd's that she will be a fizzle. But we don't
intend to write indignant letters to the sponsoring company arguing this point for they are just
as aware of it as we are. Our opinion of their
fancy program, and indeed the opinions of any
of our fellow scribes, mean quite nothing at all
to them. And rightly so: they are not concerned
with devising a good radio program but with
getting something up to ballyhoo. They have
craftily selected six of the biggest names in the
movie world. They will get countless miles of
newspaper space, probably not only in the radio
sections, but perhaps in the movie sections as
well, and even in the news columns and editorial pages. In other words, though it costs them
a fortune to hire the movie stars and the broadcasting facilities, they will probably get more
newspaper space than they could have paid for
with
ten times
the sum, and they'll get the air
advertising
to boot.
Nobody, not even the querulous critics, actually got riled about their thousand-dollar-aminute Victory Hour; we were all too bowled
over with admiration of the really beautiful advertising coup that it was. But nobody pretends
that it ranked very high in entertainment. In a
list of the best programs of the year it would
have placed well down in the second hundred.
The movie star hour will probably take even
lower rank.
The two programs mentioned have not been
the only Ballyhoo Hours in radio's history.
Others have been the inaugural hours of Palmolive, Wrigley and General Motors. Of any
Ballyhoo
Hour thisis isdecidedly
true: the secondary
sponsor's interest
in
the program
to his
interest in the printed stuff it gives him a chance
to cook up and perchance, to have published.
In other words the program is no end in itself
but
the excusemouthings.
for deluging editor's desks
with merely
mimeographed
In some ways it is idle for us to rail at the
Ballyhoo Hour. It is both big business and good
business. If it appears to exploit the sucker strain
in the Americano the answer is that he likes to
have it exploited. But as a gent whose waking
hours are supposed to be concerned with the
vital matter of seeing radio programs improved
it is our bounden duty to eye such stuff aghast.
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WE DO SOME EYEING AGHAST
/^\UR objection to the Ballyhoo Hour is precisely, that, while it doubtless does much
good for the advertiser, it does nary a bit of
good for radio. Furthermore it pains our frugal
soul to see so much mazuma spent in such a
wasteful way. Wasteful, as far as radio is concerned, because after one of these hours is over
nothing remains, except perhaps an unpleasant
taste. Nothing has been contributed to the "art"
of broadcasting, no new precedent has been established upon which bigger and better developments may be built. Suppose some of the fifty or
so thousand dollars that is commonly planked
down for one of these programs were used for
the employment of talented persons to create
something new — such as the Sound Drama
we suggested last month — that would be a
real step.
But such arguments can carry no weight. It is
. too much to ask the advertiser to worry about the
future of the radio art. We shall have to search
another point of attack. Here's one: the novelty
of these Big Splurge, Ballyhoo programs can't
last forever. Since public interest in them is at
bottom simply curiosity concerning the amount
of money spent and the magnitude of the names
employed, each succeeding big splurge is going
to have to outdo its predecessor in order to pique
the jaded curiosity of that public. Eventually it
will be necessary to bill the crowned heads of
Europe and transmit the stuff over jewelled
platinum wires costing $9.85 an inch in order
to get a rise out of the radio editors. So the
Ballyhoo Program will very soon exterminate
itself.
However, there is still another reason why the
commercial broadcasters themselves ought to
take steps to eliminate the ballyhoo program
and that is that it doesn't serve to increase radio's
prestige very much. The Big Splurge program
attracts what the storekeeper knows as a Bargain Day Crowd. The merchant, on the day of a
big sale, lures a lot of strangers into his store who
have never crossed its threshold before. Most of
them never will again; but a few of them may
observe that his everyday merchandise is of
good quality and may become habitual customers.
The Big Splurge program sucks in perhaps a
couple million listeners who ordinarily disdain
radio, refuse to purchase receivers and are only
submitting to the pleas of friends to "come over
and play a hand of bridge and listen to Such and
Such." This is a swell chance to corral these prospective customers and make 'em come back for
more. But the Pomp and Circumstance Program
is prone to have one or other of the two following
effects: A. The program turns out to be merely
ordinary as entertainment, thus confirming the
transient listener's opinion that radio is a
moron's pastime or; B. Great musical artists are
lavished with such profusion (as in some Victor
Hours) that his follow-up essay at listening is
dimmed to nothingness by contrast.
A
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vendor of the Blue Network's
wares, at 7:00 o'clock, Central
Time. Well we didn't get in
any reading during the first half
hour. O. Henry's story, "The
Clarion Call," was being presented
in the "Re-Told Tales" series.
Our listening was mostly a matter
of conscientiousness for the first
ten minutes, but after that the
thing carried itself along for the
remainder of the half hour and
stacked up as one of the best
radio plays we have heard. A
two-character play, making use of
a conventionally far-fetched O
Henryexpectionally
plot it was fine
"put voice
across"
by
the
acting
of the villain.
Sorrythewegood
don't
member his name;
job re-of
script preparation was done by one
Henry Fisk Carlton and the proStopp. duction was directed by a Gerald
At 7:30 when the Ampico Hour
came on we commenced to look for
our place in our book — for we
have heard some rather dismal
AT STATION WGR, BUFFALO
Ampico Hours. But unfortunately
Nancy Cushman, daughter of Howard B. Cushman, director
for novel reading the program
of the station, confiding to the world that she is two years old.
"Microphone fright " does not seem to bother her
opened with some of Smetana's
music for "The Bartered Bride"
which we like too much to miss.
Then Marguerite Volavy, playing the piano both
put beauty
in thekindly
banal included
"Little Bit
of Heaven."
The
orchestra
a grand
waltz
in solo and in concerto, kept our willing attention for the rest of the program.
from
"Bad'nprogram
Mad'l'n."
We got in a little reading during the Maxwell
The Komzak's
Continental's
followed at 9:00
House concert, but not much. This program is o'clock. This hour, too, is an ever reliable one,
always craftily arranged and expertly presented.
made up, as you know, of opera selections and
not exclusively of the hackneyed ones. However,
The "Old Colonel March" and the "Indian
Love Lyrics" we could have got along very nicely as two hours of attentive listening is enough for
without, but Richard Crooks called for sitting anybody to put in consecutively, we at this point
took up our book and enjoyed the perfectly swell
up and taking notice when he sang the "Prize
radio \40ices of Astrid Fjelde, Frederic Baer, et
Song" and the Siciliana from "Cavalleria."
cie., as a rather vague background.
This grand singer — deservedly popular — -even

Thursday Evening on the Blue
Network

our eternal weeping in these
APS over
PERH
columns
the fact that radio so seldom
attains great art, and so frequently succeeds in being bad art, conveys the impression
that we never get any enjoyment out of it at all.
Not so. For instance last night, a Thursday evening in March:
Arming ourself against the ordeal with an
entertaining novel, we plugged-in kyw, the local

V

THE WBAL ENSEMBLE
This group is heard every Friday night from wbal Baltimore. The group includes (left to right):
Michael Weiner, violinist-conductor; Leroy Evans, pianist and Samuel Maurice Stern 'cellist. Michael Weiner is the orchestral supervisor, wbal is one of the few stations that takes its music seriously

SO MANY good words must be said for this
month's supply of records that we feel we
ought to offer a word of explanation at the
start. Readers grow suspicious when any reviewer
waxes consistently eulogistic. They picture all
critics as mean creatures, shriveled in body and
soul, who starve themselves on a diet of vinegar
and sour grapes that they may the better enjoy
the flaws which they pick, gloating over the bones
of their victims. It fills us with joy to find a collection ofrecords so good that we can honestly be
lavish with praise. Such is the present collection.
Good and Popular
In the Sing Song Sycamore Tree and Four
Walls played by the Ipana Troubadours directed,
of course, by S. C. Lanin (Columbia). What is so
rare as a really good tune? Two of them, of
course. And here they are! Superbly played by
the Troubadours and expertly sung by Scrappy
Lambert.
The Whip and We'll Have a New Home in the
Morning played by Nat Shilkret and the Victor
Orchestra (Victor). Lyrics that are different,
harmony that's grand, and an orchestra that's
infectious.
Can't Help Lovin Dat Man and Make-Believe
played by Ben Bernie and His Hotel Roosevelt
Orchestra (Brunswick). Smooth — in the best
Bernie tradition, and with Vaughn De Leath
and Scrappy Lambert doing neat vocalizing.
Say So! and Oh Gee! — Oh Joy! played by Ben
Selvin and His Orchestra (Columbia). Yes, and
we'll add a few more exclamation marks just for
good measure!!!!
Mary Ann and // / Can't Have You played
by Hal Kemp and His Orchesta formerly of
the University of North Carolina. (Brunswick).
Where they got their M. A. (musical acrobat)
degrees, no doubt. No? Well, they got very
proficient 50»n<rwhere.
Call of Broadway and Without You Sweetheart
played by Vincent Lopez and His Casa Lopez
Orchestra (Brunswick). Mediocre music made
more than a little danceable by a swell orchestra.
Sensation Stomp and Whiteman Stomp played
by Paul Whiteman and His Orchestra (Victor).
Whiteman conducts a class in orchestral gymnastics. Proving what?
Who Gives You All Your Kisses played by the
Troubadours (Victor). As usual you can safely
put your money on the Troubadours. They will
even carry the weak sister on the other side.
What Are We Waiting For played by Edwin J.
McEnelly's Orchestra.
Tin Pan Parade played by the Troubadours
(Victor) is another prize winner; Chloe, on the
reverse, by the All Star Orchestra is just an alsoran.
Somebody Lied About Me and Chloe played
by the Colonial Club Orchestra (Brunswick).
Something old, nothing new, something borrowed, something blue.
ff 01' Man River and Can't Help Lovin' Dat Man
played by Don Voorhees and His Orchestra
(Columbia). Two good numbers from the popular Ziegfeld musical comedy, "Show Boat."
My Ohio Home and Here Comes the Showboat
played by Jean Goldkette and His Orchestra.
(Victor). The second number is novel — and
excellent.
Rose Room and Golden Gate by Herb Wiedoeft
and His Orchestra (Brunswick). Musical
publicity for the Land of Sunshine.
For My Baby and The Man I Love by Leo
Reisman and His Orchestra and Fred Rich and
His Hotel Astor Orchestra, respectively (Columbia). F. f. f. or fine for foxtrotting.
Tin Pan Parade and / Told Them All About
You sung by Ford and Glenn (Columbia).
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New
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Tiecords
Easily the best of the recent vocal records.
Sweetheart of Sigma Chi and Charmaine sung
by Allen McQuhae (Brunswick). A better tenor
voice than you usually hear warbling these grand
old favorites!
In an Oriental Garden and Roses for Remembrance played by the Anglo-Persians under the
direction of Louis Katzman (Brunswick). Mr.
Katzman is the best musical gardener we know.
Lolita and Yesterday played by the A. and P.
Gypsies under the direction of Harry Horlick
(Brunswick). Very nice indeed.
More or Less Classic
Lucia — Sextette (Donizetti) and Rigoletto —
Quartet (Verdi). (A) sung by Galli-Curci, Homer,
Gigli, De Luca, Pinza, Bada; (B) sung by GalliCurci, Homer, Gigli, De Luca (Victor). What's
good
for us. enough for Gatti-Casazza is good enough
Song of the Flea (Moussorgsky) and Barbiere
Di Siviglia — La Calunnia (Rossini). Sung by
Feodor Chaliapin (Victor). The name of this
abysmal basso is sufficient guarantee of satisfaction on any record. This in particular is delightful.
Meistersinger-Kirchenchor (Wagner) and Meister singer -Wach' auf! Es Nahet Gen Den Tag
(Wagner). Sung by the State Opera Chorus of
Berlin, with Orchestra, conducted by Leo
Blech (Victor). A very effective imported recording of this beautiful choral music from
Wagner's merry opera.
Pagliacci-Son Qua! and Pagliacci-Andiam!
(Leoncavallo). Sung by the Metropolitan Opera
Chorus, with Metropolitan Opera House Orchestra, conducted by Giulio Setti (Victor).
More choral music that is worth several times
the price of admission.
The Masked Ball— Is It Thou? (Verdi) and
Pagliacci — Prologue (Leoncavallo) Sung by
Heinrich Schlussnus (Brunswick). A competent
baritone presents these two operatic selections.
Andante Cantabile (Tschaikowsky) and Canlonetta (Tschaikowsky). Played by Albert
Spalding (Brunswick). Creating one paramount
impression: that of charming grace.
Chanson Arabe (Rimsky-Korsakoff — Kreisler)
and Le Deluge (Saint-Saens). Played by Toscha
Seidel (Columbia). Mr. Seidel is assisted in the
first selection by Max Rabinovitch at the piano,
and in the second by Emanuel Bay — because
it is the custom and not because this talented
violinist needs assistance.
Ave Maria (Carnevali) and Stabat Mater
(Pergolesi). Sung by Giuseppe Danise (Brunswick). A rich baritone voice lending itself very
successfully to ecclesiastical music. The accompaniment ofchimes in the Ave Maria is
particularly nice.
Traviata— Prelude (Verdi) and Sylvia Ballet —
Cortege de Bacchus (Delibes). Played by the
Victor Symphony Orchestra directed by Rosario
Bourdon (Victor). No 106
home is complete with-

out these familiar but none-the-less lovely
selections.
Poet and Peasant Overture, Parts I and 2 (von
Suppe). chestra
Played
by thePartBrunswick
Concert poet;
Or(Brunswick).
i is the dreamy
part 2: the rollicking peasant . . . but you know
it; it has appeared on every "pop" concert program for years.
Emperor Walti and Wine, Woman and Song
Walti (Strauss).
Jacobs'
Ensemble
(Columbia).
Here Byare Jacques
the waltzes
of yesteryear!
Jolly Fellows Walti (WoIIstedt) and The
Skaters (Waldteufel). Played by the Brunswick
Concert Orchestra under the direction of Louis
Katzman (Brunswick). Sweet memories of the
old skating rink and the creaking caliiope! The
tunes are the same, that's all!
Recent Album Record Sets
Wagner Bayreuth Festival Recordings
(Columbia). In one album, Masterworks Set
No. 79) the Columbia Phonograph Company
offer the following excerpts from four Wagnerian
operas: (1) Parsifal: Transformation Scene,
Act 1;Act.
Grail2; Scene,
Scene,
Prelude, Act
Act 1;3; Flower
and GoodMaidens'
Friday
Music, Act 3; (2) Rheingold: Entry of the Gods
into Valhalla; (3) Die Walkure: Ride of the
Valkyries: (4) Siegfried: Forest Murmurs, Act 2;
Prelude, Act 3 ; Fire Music. The orchestra is that
of the Bayreuth Festival, over which three famous conductors share the honors of wielding the
baton. They are Dr. Karl Muck, one time director of the Boston Symphony Orchestra, Siegfried
Wagner, and Franz von Hoesslin. The recordings
were made in Bayreuth during actual performances of the operas in the summer of 1927 and
have been approved by Siegfried Wagner.
We will not go into a detailed description of
the records. You either know and love the music
or you don't. If you do, you will want the album
anyway.
should get the album
and learn Iftoyouknowdon't,
the you
music.
The set contains eleven double-faced records
and costs $16.50.
Symphony No. 4, D Minor, {Op. 120) by Robert
Schumann. Played by the New Symphonic Orchestra, Berlin, under the direction of Hans
Pfitzner. Complete on three and a half doublefaced records (Brunswick).
Schumann conceived the Fourth Symphony as
a whole rather than as four distinct movements.
The same thematic material runs through the
entire work. The symphony is very colorful, very
warm and full of lovely melodic phrases. The
fourth movement is particularly beautiful.
Concerto for Organ and Orchestra, F Major,
{Op. 4, No. 4) by George Frederic Handel.
Played by Walter Fischer accompanied by orchestra. Complete on two double-faced records.
Concerto for Organ and Orchestra, F Major
{Op. 177) by Joseph Rheinberger. Played by
Walter Fischer accompanied by orchestra. Complete on three double-faced records. (Brunswick).
The Brunswick-Balke-Collender Company
would have acted more wisely had they separated these two concertos rather than offered them
together in one album. The Rheinberger Concerto, which is in spots uninteresting to the
point of dullness suffers sadly by contrast with
the exquisite Handel composition. Both concertos are beautifully played by the famous
organist of the Berlin Cathedral.
Death and Transfiguration (Op. 24) by Richard
Strauss, played by the State Opera Orchestra
under the direction of the composer. Complete
on three double-faced records (Brunswick).
This tone poem dealing with the struggle between life and death is one of the most powerfully
dramatic of modern orchestral compositions.
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'"THE
belowbe isa asconstantly
complete useful
as is possible
it andtable
should
referenceto formakeall
radio workers. The data on some Western Electric tubes
are included because some of our readers live in Canada
and in other countries where tubes of this manufacture
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Directory

of

Vacuum

are available. We have followed the RCA-Cunningham
tube terminology; other manufacturers make types of
tube similar in each class, although each manufacturer
has his own terminology. The reader who desires to use
a CeCo tube for example, need only ask his dealer or the

Tubes

manufacturer for a CeCo of the 201-A type, etc. The
same follows naturally for any of the vacuum tubes in
the classifications below made by Arcturus, Sovereign,
Sylvania, Marathon, Gold Seal, Sonatron, Kellogg,
Magnetron, Speed, and others.
8ioo
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6
8.2
20
3.5
Amplifier Transformer
Transformer
UX-226
2.5h
Coupling
1.05
1.5
55
40,
7:5
CX-326
Type
135 {
180
160
16,
1.5 V.
haracteristics
9,400
45
2
1575 onl
Transformer
88
C-327 Detector A. C Transformer
200
or connection 10,000
1.75
■ apply
1,170
90
7
Followin
2-9
UY-227 HeaterType Coupling G F 3.6' G-P 3.7" P-F 2 75
2.5 V.
g
UY-227
c
9.5
7^000
2
to
5
y
for
Detec
135 1 ■350 3
30
200
180 f
1,000
—
CX-340 Detector or Resistance
8.2
800
.25
3.3
30
150,000
UX-240 Amplifier Coupling GF3.4; G-P 8.8; P-F 1.5 Storage
31$
6.5.2107
150.000
8,000
Storages 6 V.V.
9
8
120
Power No LS.C.
—
—
—
—
5.6
CX-1 12 A k Amplifier
5.0
.25
Transformer
G-F
9;
G-Pll;
P-F7.5
135
180
f
8
4,700
SV.
195
Required
UX-112A
22 i
10
5,000
Power No L S.C.
Dry Cell 4 |V. 3.0 .125
CX-220
135
110
1.600
UX-120 Amplifier Required G-F 4.5; G-P 5.4; P-F 4.4 Storage 4 V. 3.3 .132
1,700
18090
130
Storage 6 V.
600
CX-371 A Power except
.216
3.0
at G-F 6.8; G-P 9.5; P-F 6.5 Transformer 5.0 .25
6,300
525
2,500
2,200
1,200
20
3.0
UX-171 A Amplifier LS.C.
700
90V.
45
1,360
#
i
l
400
18.
88
2,000
1,500
300
13
5' CX-310
55
Power
Transformer
3.088
330
5 V.
1618
925
7.5 1.25
G-F 7; G-P 8; P-F 7
04
UX-210 Amplifier LS.C.
m
250
1,450
1,330
7.5 V.
35
425
. 2S0
18
8
5,600
1,550
1.600
340
6,000
350
1,325
1,600
28
3.8
5,000
1,540
3.8
Transformer 7.5 1.25
2,000
G-P 8.7
Power
CX-350
3.8
2,100
5ES 21
UX-250 Amplifier LS.C.
4,650
+F
°
5
450
1
84
3.8
300
1,800
7.5 V.
1,500
900
1.800
2,100
3,250
2,350
1,900
1,800
rERL 3TICS
400 C TUI
AVERAGI : CHA
1,900
2.000
2,100
OF V fESTE RN EL ECTRI
it
3.8
Detector or Transformer
V
70
1.0 0.25
45
1.0
67
6.0
6
8
1.0
G-F 4.4; G-P 6; P-F 3.8
2-9
Amplifier Coupling
215-A
130
20,000
Resis. or
"C Amplifier Impedance
0.75
2.0 0.97
300
30
500
4.2
102D
Coupling
r
60,000
C
A
Transformer
5-6R 1.0
60
980
130
5.9
9.0
1.5
216 A Amplifier Coupling
22.5
Transformer
6,000
Power
Imped. G-F8.2.G-P3.46^P-F80
20.0
4-5
8.0
104"0"D
Amplifier orCoupling
22.5
130
1.0
I.IOO
Power Transformer
Imped.
1.6
4.5
350
890
205"E" D Amplifier orCoupling
2.47
2,200 2,000
145
3,500
33
SPECIAL PURPOSE TUBES
CIRCUIT
MAXIMUM MAXIMUM
CHARACTERISTICS
OVERALL
OVERALL
REQUIREMENTS
HEIGHT DIAMETER
Large
Filament
Terminal _Voltage.. 25 Amperes
Volts \!R M 5
Filament Current.
Full -Wave Standard
Rectification
CX-380 Full-Wave
Max.D.C. Output Current (both Plates)
125 Milliamperes
Eliminators in A.C.Plate Voltage 300 Volts I
Rectifier Circuit
UX-280
D.C.Output Voltage at Max. Current as applied to filter
UX Base
of
typical
rectifier
circuit
260
Volts
2
f
Large
t
Filament
Voltage.
Volts }■'R M S
(Max-perTerminal
Plate)
Filament
Current
1.25.7.5Amperes
A.C. Plate Voltage Recommended
650. . 750Maximum.
Volts
Half-Wave Half or Full Standard
Rectification in A.C.Plate
CX-381
Voltage.. .750 Volts
D.C. Output Current
65.. 110 Milliamperes
Rectifier Wave Circuit UX Base
UX-281
Eliminators
D.C. Output Voltage as applied to filter of typical rectifier circuit -.620. .620 Volts
(Maximum)
Large
Designed to keep output voltage
Constant
Voltage
Operating
Voltage. 12590 Volts
Voltage
CX-374
Standard
of B Power Units constant when
Starting Voltage
Volts D.C.
D.C.
UX-874
Device
UX Base
Regulator
Operating
Current
10-50
Milliamperes
different
values
of
B°current
are supplied
Standard
Current Transformer
Constant
Operating
Designed to insure constant input
Primary of Mogul
C-376
Type
Mean VoltageCurrent
Drop 1.750 Amperes
Volts
Regulator
Current
to power operated radio receivers
Voltson
UX-876 (Ballast
use
Device
Permissible
Variation
ilO Volts
Tube) 115for65 Volt
despite
fluctuations
in
line
voltage
Line
Constant
Current Transformeiof Standard
Current
Operating Current. 2.05 Amperes
C-386
Designed to insure constant input
65 useVoltson Mogul Type
Regulatoi forPrimary
Mean
VoltageVariation
Drop + 5010 Volts
Device
to power fluctuations
operated radio
UX-886 (Ballast
Screw Base
Tube) 115 Volt
Permissible
Volts
despite
in linereceivers
voltage
Lin Double &
Current
Limiting
Used
tn"B'PBattery
circuits
to
Voltage
Drop
Across
Protective
prevent excessive current resulting
Contact
Device
C-377
Tube
from short-circuit which might
Auto.Type
Bayonet
damage tubes or wiring
45
90
I07
Note : All grid voltages are giver
Except
for
half
ampere
filament,
UX-1
12
and UX-171 characteristics are identical respectively to UX-112-A
t *(() Note
other
use
of
this
Radiotron
above/below)
with respectfilament
to cathode
InnerGrid
Grid+452V2Volts,
Milliamperes
K Cathode
and UX-171-A.
negative
terminc
0 Outer
Grid -V/2
-V/2 Volts;
VoltS; Outer
Inner Grid+2
Volts, 0.15
6 Milliamperes
H
HeaterVoltage
thru plate coupling
of 250,000
Maximum values not to
LS C.Loudorstep
Speaker
Coupling.consisting
ofwherever
either ChokeplateCoilcurrent
and By-Pass Condenser
or Output Transformer of M
c.1 Applied
Connection
of base forresistance
third terminal
whichOhms
is the lead
down grid
ratio, recommended
10 milliamperes.
to mid-pointto shell
of filament
M Withnot a bear
screen
on accountof
circuitamplification
limitations.ihefactor(D-C-)exceeds
actualas involtage
obtainable
as high tube,
a relation
to the voltage
the caseamplification
of three element
tubes.does

■ Manufacturers*

Booklets

■

A Varied List of Books Pertaining to Radio and Allied
Subjects Obtainable Free With the Accompanying Coupon
t? EADERS may obtain any of the booklets listed below by use^ ingthe coupon printed on this page. Order by number only.
1. Filament Control — Problems of filament supply,
voltage regulation, and effect on various circuits. Radiall
Company.
2.ties ofHard
and proper-on
hard Rubber
rubber asPanels
used in— Characteristics
radio, with suggestions
how to "work" it. B. F. Goodrich Rubber Company.
3. Transformers
— A booklet
giving Company.
data on input and
output
transformers. Pacent
Electric
5. Carborundum in Radio — A book giving pertinent
data
the crystal
used for detection,
withof hook-ups,
and aonsection
giving asinformation
on the use
resistors.
The Carborundum Company.
9.
Volume
Control
—
A
leaflet
showing
circuits
distortionless control of volume. Central Radio Labora-for
tories.
10. Variable
Resistance — As used in various circuits.
Central
Radio Laboratories.
12. Distortion and What Causes It — Hook-ups of
resistance-coupled
Bradley Company.amplifiers with standard circuits. Allen15. tionsB-Eliminator
Power using
Amplifier
— Instrucfor assembly
andandoperation
Raytheon
tube.
General
Radio Company.
15a.tions fB-Eliminator
and
Power
Amplifier
—
Instrucand operation using an R. C. A. rectifier.
Generalor assembly
Radio Company.
16. tionsVariable
Condensers
— A description
funcand characteristics of variable
condensers ofwiththe curves
and specifications for their application to complete receivers.
Allen D. Cardwell Manufacturing Company.
Bakelite
— A description
uses ofBakelite
bakelite
in 17.
radio,
its manufacture,
and ofitsvarious
properties.
Corporation.
21. High-Frequency Driver and Short-Wave Wavemeter
data and application. Burgess
Battery— Constructional
Company.
46. Audio-Frequency Chokes — A pamphlet showing
in the circuit
whereCompany.
audio-frequency chokes may
bepositions
used. Samson
Electric
47. Radio-Frequency Chokes — Circuit diagrams illustrating thdefinite
e use of chokes
keep Electric
out radio-frequency
currents from
points. to
Samson
Company.
Transformer
and Impedance
Data —of Tables
giving
the48.mechanical
and electrical
characteristics
transformers
and
a shortCompany.
description of their
use inimpedances,
the circuit. together
Samson with
Electric
49. Bypass Condensers — A description of the manuCompany.facture of bypass and filter condensers. Leslie F. Muter
50. Audio
Fifty questionsandwhich
often
asked
regardingManual
audio— amplification,
their areanswers.
Amertran Sales Company, Incorporated.
51. Short-Wave
— Constructional
datamayon bea
receiver
which, by theReceiver
substitution
of various coils,
made to tune from a frequency of 16,660 kc. (18 meters) to
1999 kc. (150 meters). Silver-Marshall, Incorporated.
52. Audio
Qualityof— various
A bookletkindsdealing
audio-frequency amplification
and with
the application
to well-known circuits. Silver-Marshall. Incorporated.
56. Variable Condensers — A bulletin giving an
analysis ofteristics.
various
condensers
together with their characGeneral Radio
Company.
57. Filter Data — Facts about the filtering of direct
current
supplied byElectric
means ofSpecialty
motor-generator
with transmitters.
Company.outfits used
59. Resistance Coupling — A booklet giving some
generaltion of resistors
informationto aoncircuit.
the subject
the applicaDavenof radio
Radio andCorporation.
63.
Five-Tube
Receiver
—
Constructional
data on
building a receiver. Aero Products, Incorporated.
70. Improving
the transformers,
Audio Amplifier
Data diagram
on the
characteristics
of audio
with a—circuit
showing where
chokes, resistors,
and condensers can be used.
American
Transformer
Company.
72. Plate Supply System — A wiring diagram and layout plan for a plate supply system to be used with a power
amplifier.
tran SalesComplete
Company.directions for wiring are given. Amer81. Better Tuning — A booklet giving much general information on the subject of radio reception with specific illustrations. PrimarilyManufacturing
for the non-technical
home constructor. Bremer-Tully
Company.
82. Six-Tube Receiver — A booklet containing photographs, instructions, and diagrams for building a six-tube
shielded receiver. Silver-Marshall, Incorporated.
83.
Socket
Device — A list
parts, diagrams,
and templates Power
for the construction
and ofassembly
of socket
power
devices.
Jefferson
Electric
Manufacturing
Company.
84. Five-Tube Equamatic — Panel layout, circuit diagrams, and instructions for building a five-tube receiver, together with data on the operation of tuned radio-frequency
transformers of special design. Karas Electric Company.
85. Filter
Data circuits
on a high-capacity
condenser used in— filter
in connectionelectrolytic
with A socket
power
supply
units,
are
given
in
a
pamphlet.
The
Abox
Company.
86. Short-Wave Receiver — A booklet containing data
on a short-wave receiver as constructed for experimental
purposes. The Allen D. Cardwell Manufacturing
Corporation.
88.ing fullSuper-Heterodyne
— Aandbooklet
givinstructions, together Construction
with a blue print
necessary
data,
for
building
an
eight-tube
receiver.
The
George
W.
Walker Company.

89. Short-Wave Transmitter — Data and blue prints
are given on the construction of a short-wave transmitter,
together with operating instructions, methods of keying, and
other pertinent data. Radio Engineering Laboratories.
90. Impedance Amplification — The theory and practice
ofgiven.
a special
of dual-impedance
audio amplification are
AldentypeManufacturing
Company.
93. B-Socket Power — A booklet giving constructional
details of a socket-power device using either the BH or 313
type rectifier. National Company, Incorporated.
94. Power Amplifier — Constructional data and wiring
diagrams of a power amplifier combined with a B-supply
unit are given. National Company, Incorporated.
101. Using Chokes — A folder with circuit diagrams of
the more popular circuits showing where choke coils may
be placed to produce better results. Samson Electric
Company.
22. A Primer of Electricity — Fundamentals of
electricity with special reference to the application of dry
cells to radio and other uses. Constructional data on buzzers,
automatic
switches, alarms, etc. National Carbon Company.
23. Automatic Relay Connections — A data sheet
showingcuits.howYaxleya Manufacturing
relay may be usedCompany.
to control A and B cir26. Dry Cells for Transmitters — Actual tests
given, well illustrated with curves showing exactly what
may
be expected of this type of B power. Burgess Battery
Company.
27. Dry-Cell Battery Capacities for Radio TransCharacteristic
curves and data on discharge tests.
Burgess mit ers—Battery
Company.
28.
B
Battery
Life
—
Battery life curves with general
curves
pany. on tube characteristics. Burgess Battery Com30. Tube
— A data Company.
sheet giving constants of tubes.Characteristics
C. E. Manufacturing
32. Meters for Radio — A catalogue of meters used in
radio, with diagrams. Burton-Rogers Company.
33. Switchboard
and PortableandMeters
A booklet
giving
dimensions, specifications,
shunts— used
with
various meters. Burton-Rogers Company.
35.
Storage
Battery
Operation
—
An
illustrated
booklet on the care and operation of the storage battery.
General Lead Batteries Company.
36. Charging A and B Batteries — Various ways of
connecting
batteries Company.
for charging purposes. Westinghouse Unionup Battery
37.viceWhy
Radio
Is
Better
Power — Ad-to
on what dry cell battery with
to use;Battery
their application
radio, with wiring diagrams. National Carbon Company.
53. Tube
Reactivator
Information
theshould
care beof
vacuum
tubes,The
withSterling
notes on—Manufacturing
how
and when onthey
reactivated.
Company.
69.tics Vacuum
Tubestube— Atypes
booklet
characteris-of
of the various
with giving
a shortthedescription
where tionthey
may
be
used
in
the
circuit.
Radio
Corporaof America.
87. Tube Tester — A complete description of how to
build
and how to operate a tube tester. Burton-Rogers
Company.
92. Resistors
A. C. Operated
—A
booklet
giving circuitforsuggestions
for building Receivers
a. c. operated
receivers, together with a diagram of the circuit used with
the new 400-milliampere rectifier tube. Carter Radio
Company.
102. Radio Power Bulletins— Circuit diagrams, theory
constants,
trouble-shooting
hints for Manufacturing
units employing
the BH or and
B rectifier
tubes. Raytheon
Company.
103.istics of A.a new
C. Tubes
— The Five
designcircuit
and operating
a. c. tube.
diagrams charactershow how
to convert well-known circuits. Sovereign Electric &
Manufacturing Company.
In sending the coupon below, make sure that your
name and address are included and are plainly
written.
USE THIS BOOKLET COUPON
Radio Broadcast Service Department
Radio Broadcast, Garden City, N. Y.
Please send me (at no expense) the following booklets indicated by numbers in the published list above:

Name
Address
(Number) (Street)
(City)
(State)
ORDER BY NUMBER ONLY
This coupon must accompany every request. RB 6-28
I08

41. Baby Radio Transmitter of 9XH-9EK — Description and circuit
of dry-cell operated transmitter.
Burgess
Batterydiagrams
Company.
42.
Arctic
Radio
Equipment
— Description
circuitin
details of short-wave receiver and
transmitterandused
Arctic exploration. Burgess Battery Company.
58. How
to Select
a Receiver
booklet
describing
what a radio
set is, and— Awhatcommonsense
you should
expect from it, in language that any one can understand.
Day-Fan Electric Company.
Radio —weather
A veryandinteresting
booklet
on 67.
the Weather
relationshipforbetween
radio reception,
with maps and data on forecasting the probable results.
Taylor Instrument Companies.
73. Radio
non-technical
giving
pertinent
data Simplified
on various— Aradio
subjects. Ofbooklet
especial
int
e
r
e
s
t
t
o
the
beginner
and
set
owner.
Crosley
Radio
Corporation.
76. used
Radioin radio
Instruments
— A description
of various
meters
and electrical
circuits together
with a
short discussion
of
their
uses.
Jewell
Electrical
Instrument Company.
78. Electrical Troubles — A pamphlet describing
the use of electrical testing instruments in automotive work
combined with a description of the cadmium test for storage batteries. Of interest to the owner of storage batteries.
Burton Rogers Company.
95.
— Successive
the use Resistance
of resistors inDatavarious
parts ofbulletins
the radioregarding
circuit.
International Resistance Company.
96. Vacuum Tube Testing — A booklet giving pertinent
data on how to test vacuum tubes with special reference to
a tube testing unit. Jewell Electrical Instrument
Company.
Shieldingin —radio
A booklet
giving
on 98.
the Copper
use of shielding
receivers,
withinformation
notes and
diagrams showing how it may be applied practically. Of
special interest to the home constructor. The Copper and
Brass Research Association.
99. Radio Convenience Outlets — A folder giving
diagrams
and specifications
for installing
speakers set.in
various locations
at some distance
from theloudreceiving
Yaxley Manufacturing Company.
Coils — Excellent
data onon six
a radio-frequency
coil
with105.constructional
information
broadcast receivers,
two short-wave receivers, and several transmitting circuits.
Aero Products Company.
106.transformer
Audio Transformer
on auseful
high-quality
audio
with circuits —forData
use. Also
data on
detector and amplifier tubes. Sangamo Electric Company.
108.
Vacuum
Tubes
—
Operating
characteristics
of an
a.c. tube with curves and circuit diagram for connection
in converting various receivers to a.c. operation with a
four-prong a.c. tube. Arcturus Radio Company,.
— Constructional
a 109.
six-tubeReceiver
receiver Construction
using restricted
field coils. data
Bodineon
Electric Company.
110. Receiver Construction — Circuit diagram and
constructional information for building a five-tube set
using restricted field coils. Bodine Electric Company.
hi. Storage Battery Care — Booklet describing the
care and operation of the storage battery in the home.
Marko Storage Battery Company.
112. Heavy-Duty Resistors — Circuit calculations and
data on receiving and transmitting resistances for a variety
of uses,tors fordiagrams
popularuse.
powerWard
supplyLeonard
circuits, Electric
d.c. resisbattery for
charging
Company.
113. Cone
Loud Speakers and
— Technical
practicaltype
information onelectro-dynamic
permanentand magnet
cone loud speakers. The Magna vox Company.
114. Tubemethods
Adapters
— Concise various
information
simplified
of including
powerconcerning
tubes in
existing receivers. Alden Manufacturing Company.
What Setof Shall
Build? —receivers
Descriptive
with115.illustrations,
fourteenI popular
for thematter,
home
constructor. Herbert H. Frost, Incorporated.
104. Oscillation
Control
the "Phasatrol"
Circuit
diagrams, details
for with
connection
in circuit, and—
operatingdevice
suggestions
for using
the "Phasatrol"
asspecific
a balancing
to control
oscillation.
Electrad,
Incorporated.
1 16. Using a B Power Unit — A comprehensive booklet detailing the use of a B power unit. Tables of voltages —
both B and C — are shown. There is a chapter on troubleshooting. Modern Electric Mfg. Co.
117. Best Results From Radio Tubes — The chapters
are entitled: "RadioTubes," "Power Tubes," "Super Detector Tubes,"Gold
"A. C.
"Rectifier
"Installation."
SealTubes,"
Electrical
Co. Tubes," and
118.
Radio
Instruments.
Circular
"J" —forA descriptive
manual on the use of measuring instruments
-very radio
circuit requirement. A complete listing of models for transmitters, receivers, set servicing, and power unit control.
Weston Electrical Instrument Corporation.
120. tereThe
Worker — AA typical
monthly feature
bulletin article
of inst to the Research
home constructor.
describes
the
construction
of
a
special
audio
amplifier
—
Aerovox Wireless Corporation.
121. Filter Condensers — Some practical points on the
manufacture and use of filter condensers. The difference between inductive and non-inductive condensers. Polymet
Mfg. Corp.
122. Radio
Tubes tubes.
— Specifications
and pages.
operating
teristics of vacuum
Twenty-four
E. T.characCunningham, Inc.
123. Band Supply
Devices — Circuit diagrams, characterislist of parts
units. tics,Electrad,
Inc. for nationally known power supply
124. Power
Amplifier andandB constructional
Supply — A booklet
giving
several
circuit arrangements
information
and
a
combined
B
supply
and
push-pull
audio
amplifier,
the
latter using 210 type tubes. Thordarson Electric Mfg. Co.
125.
A.
C.
Tube
Operation
—
A
small
but
complete
booklet describing
a method
filament supply for a.c. tubes.
Thordarson
Electric
Mfg. ofCo.
126. MiCrometric Resistance — How to use resistances
for: Sensitivity control; oscillation control; volume control;
regeneration control; tone control; detector plate voltage
control; resistance and impedance coupling: loud speaker
control, etc. American Mechanical Laboratories.
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£ / /) jHEREVER radio apparatus is demonvJc/ strated, note how the receivers equipped
with Thordarson Transformers surpass in tonal
reproduction.
This year, more than ever before, fidelity of
reproduction is the determining feature in the
sale of the better radio apparatus. Since the
musical characteristics of a radio instrument
These

quality instruments

are Thordarson

equipped:

depend to such a great extent on a wise selection of the audio and power supply transformers, it is significant that so many leading manufacturers have turned to Thordarson as the
logical transformer source.
Equally significant is the fact that not once since
Thordarson transformers became available to radio
manufacturers has any other transformer approached
the manufacturer popularity of Thordarson.

NE
«Ad/ody
Ute
O
V
Pres
Buckingham
MURDOCK

darsoN
or
Xh
RADIO
TRANSFORMERS

ARCU5

manyothers

mzisical
perform
a,nce
Thordarson transformers are universally available to custom '
set builders as well as manufacturers. Wherever radio parts are
sold, there you will find a complete stock of Thordarson Audio
and Power Supply apparatus. If you are building for real musical
performance, insist on Thordarson Transformers. <
THORDARSON ELECTRIC MANUFACTURING CO.
Transformer Specialists Since 1895
WORLD'S OLDEST AND LARGEST EXCLUSIVE TRANSFORMER MAKERS
cr7iuron and Kingshun/ Streets
— ChicaqoJll.USA. ssa
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These

Men
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Tell

How

They

Make

^350

toHSOa/nontfh

$350 a Month
"I
(eel
proud
successdur-in
Radio to date. ofMymy profit
ing the last two months
amounts to £700. I am making pood and I have not finished my N.R.I, course yet.
I am grateful for your training and cooperation to date
and look forward to still bigger success
when Heffelfinger,
I graduate."Temple, Penna.
Clarence
$450 a Month
"I want to say a few words
in appreciation of the benefits received from your training.
regularInworkaddition
in whatto Imybelieve
to be the largest and best
equipped Radio Shop in the
Southwest,
ating KGFI.I Iamam now
proudoper-of
the fact that I installed and
put KGFI on the air without
help of anyone except N.R.I. I am averaging #450
per
Frankmonth."
M. Jones, 922 Guadalupe St. S.in Angelo, Texas.
I'll Help You Become a Radio
Expert
Trained men are needed for this new
live-wire industry. Big and little fortunes are coming out of Radio every
year. Get your share of the profits.
This field is your big chance. Don't
miss it. My book "Rich Rewards in
Radio"
you qualify
where asthea big
are and how
you can tells
quickly
RadiojobsExpert.
I Will Train You at Home in Your Spare Time
Two months from now you can be making $10,
$20, $30 a week on the side. Many of my students
do it. That will pay your tuition and swell your
bank account too. I teach you to begin making
money almost the first week you enroll. G. W.
Page, 1807 2 1st Avenue, Nashville, Tenn., made
$935 before graduating. In six to twelve months
you can be a graduate Radio Expert. Your spare
time is all I ask you to give to my course.
Six Big Outfits of Radio Parts Given
Not toys but real parts. You can build approximately 100 different circuits with them. This kind
of training gives you practical experience while
learning. It shows up in your pay envelope. I am
so sure that my training will put you ahead that I
agree to give your money back if you are not satisfied upon completion.
Investigate Without Cost
What others have done and are doing is proof of
what you can do if you try. Do you want more
money ? Sure you do, enough to get the good things
of life. Radio will give it to you.
This 64-Page Book FREE
Send the coupon for a copy.
from 16 to 50 without Radio Men
experience or full grammar school
ducatron have found success in
Radio through this book. I
will send you a copy without
the slightest obligation.
J- E Smith, President
Dept. 6-0,INSTITUTE
NATIONAL RADIO
Washington, 0. C.

J. E. SMITH, President
Dept. 6-0, National Radio Institute
Washington, D. C.
Dear Mr. Smith: Send me a copy of your book "Rich
Rewards
am interested
in getting ahead
and want into Radio."
know allI about
Radio money-making
opportunities and about your practical way of teaching
with six big outfits of Radio parts. I understand this
request does not obligate me in the least.
Name
Age
Address
City
State
Occupation
,

SHEETS
THE Radio Broadcast Laboratory Information Sheets are a regular feature of this
magazine and have appeared since our June, 1926, issue. They cover a wide range
of information of value to the experimenter and to the technical radio man. It is not our
purpose always to include new information but to present concise and accurate facts in
the most convenient form. The sheets are arranged so that they may be cut from the
magazine and preserved for constant reference, and we suggest that each sheet be cut out
with a razor blade and pasted on 4" x 6" filing cards, or in a notebook. The cards should
be arranged in numerical order. In July, 1927, an index to all Sheets appearing up to
that time was printed. Last month we printed an index covering the sheets published from
August, 1927, to May, 1928, inclusive.
All of the 1926 issues of Radio Broadcast are out of print. A complete
set of Sheets, Nos. 1 to 88, can be secured from the Circulation Department,
Doubleday, Doran & Company, Inc., Garden City, New York, for $1.00. Orders for the
next set following can also be sent. Some readers have asked what provision is made to
rectify possible errors in these Sheets. In the unfortunate event that any serious errors do
occur, a new Laboratory Sheet with the old number will appear.— The Editor.

No. 193
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"Motorboating"

HOW IT CAN BE PREVENTED
AyTANY amplifiers at times show a tendency to
"motorboat"
due generally
to interaction
coupling
between stages,
due to common
coupling
in the plate-supply unit. This effect can generally
be eliminated by using the circuit shown on this
Laboratory Sheet. This circuit was suggested in a
recent bulletin from the E. T. Cunningham Company.
The workanti-motorboating
consists connected
of a netof condensers andcircuit
resistances
between
the
power
unit
and
the
B-plus
terminal on the radio receiver. The effectdetector
of this
circuit apparently is to eliminate coupling effects
at the low frequencies at which such effects are most
troublesome. The circuit has been used with good
results in the Laboratory, in connection with
resistance-coupled amplifiers which generally show
the strongest
tendency to motorboat,
but the
cuit may be satisfactorily
used with any
type cir-of
amplifier.
It is not difficult to add this circuit to any existing
receiver installation. To do this it is simply necessary to connect the resistance R in series with the
lead connecting between the B-plus detector
terminal on the receiver and the B-plus detector
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terminal on the power
unit. Onedenser2.0-mfd.
conCi must then
be connected between
the B-plus terminal
and
B-minusandon
the the
receiver
another condenser C2
connected between the
B-plus
minus B detector
terminal and
on
the power unit. It is
preferable
to locate
t'he
resistance
at a
point ceiver
closerather tothanthenear
rethe power unit.
The tance
valuedepends
of the
to resissome
extent
upon
the
acteristics of the receiver and the power charunit.
With some amplifiers we have found a value
of 10,000 ohms to be satisfactory, and with other
amplifiers, a resistance of 50,000 to 100,000 ohms
was required to prevent motorboating. A value
ofmostabout
cases.50,000 ohms seems to be satisfactory in
B- 9* 0<l
Radio Receiver
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Push-Pull Amplifiers
burn outformer.theUse atwindings
of ansomeordinary
trans-to
this point
device audio
designed
carry
50
or
60
milliamperes.
The
circuit
given
on
this
pUSH-PULL
type
amplifiers
in
many
cases
exhibitquency duea totendency
howl at thesomeinterelectrode
audio fre- sheet also shows the use of a resistance Ri to supply
feedbackto through
C bias to the two tubes. Its value, depending upon
capacityouslyofimpossible
the tubes.
When satisfactory
this occurs itoperation
is obvi- the type of tubes used, is given below
to obtain
from the amplifier. The howling in push-pull ampliType
Tube
Ri ohms
112-ofA
750
fiers cannectingenerally
prevented
con171-A
1000 ohms
g a choke coilbe orreadily
resistance
at theby point
210
1100 ohms
marked X in the circuit diagram. When constructing an amplifier of this type it is wise to include such
Input
transformer
acondenser
choke orshould
resistance
in
the
circuit;
no
by-pass
be placed across the unit.
The inclusion of choke or resistance in this circuit
will not affect the quality for this circuit does not
have to carry any audio-frequency currents. In some
instances
it will also
be found
necessary
prevent
ing to include
a choke
coil into the
lead howlfrom
the center tap of the output transformer and the
B-plus terminal ot the plate supply.
If a resistance is used in the grid circuit it should
have a value of about 50,000 ohms. Since it does
not have to carry any current, any ordinary grid
leak type of resistance unit may be used. The chokes
used may be any type with an inductance of about
10 henries or more. The primary of an old audiofrequency transformer might be used in the grid
circuit but is not satisfactory for inclusion in the
plate circuit between the center tap of the output
transformer
connected at thisand
point,thetheplate
chokesupply
must for
carrywhen
the plate
current of the two tubes, which may be enough to
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confidence

<well

placed
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/
/
In the finest radio receiving and broadcasting equipment,

Our engineering staff ■will
gladly cooperate on special
condenser problems not
covered by our regular production of more than 200
types of units

where performance must uphold the manufacturer's integrity,
you will find Faradon Capacitors.
It has been demonstrated that Faradon merits acceptance in
exacting assignments.
On railroad duty, in Signaling Systems and Automatic Train
Control, in Marine Direction Finders — where protection of
life and maintenance of operating schedules is essential —
there you will find Faradon, the electrostatic condenser of
proven reliability.
WIRELESS
SPECIALTY
APPARATUS COMPANY
Jamaica Plain, Boston, Mass., U. S. A.
established 1907

emotion

1847

Electrostatic

Condensers

for

All

Purposes
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A Resistance-Coupled Amplifier With Screen-Grid Tubes
CONSTRUCTIONAL DATA
THE February, 1927, Radio Broadcast reported some experiments made in the Laboratory on the use of the screen-grid tube in audiofrequency andthere
radio-frequency
and
in the article
appeared a amplifiers,
circuit diagram
of a resistance-coupled, audio-frequency amplifier
using two screen-grid tubes. Many letters have been
received requesting constructional data on this
amplifier
and onwe Laboratory
have therefore
the circuit diagram
Sheet reprinted
No. 196 and
the
list of parts necessary to construct the amplifier
appears at the end of this Sheet.
The publication of this circuit diagram and list of
parts should not be taken to indicate unqualified
endorsement of the amplifier for its high voltage
gain oftransformer
2200 (the voltage
of an average
stage
coupledgainamplifier
is 250)two-in
some cases will prove more of a disadvantage rather
than an advantage. The disadvantage of a high
gain audio-frequency amplifier will become evident
when
attempt
to operate
it fromis ausedBpower anunit.
When isanmade
ordinary
amplifier
with
a
plate-supply
unit
which
provides
hum-free
operation no difficulty may ensue; but when
this
same supply is connected to a high-gain, screen-
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grid amplifier, the hum is greatly magnified and
may be
of entirely
too, highfroma value.
If thehowever,
screengrid
tubes
are operated
batteries,
this amplifier will give very satisfactory results.
To construct this amplifier the following parts are
necessary:
Ri,
Resistors
i?2, 0.25-Megohm
2.0-Megohm Resistors
Rs, 20-Ohm Filament Resistors
Ri, 4-Ohm Resistor
Rh,
0.1-Megohm
Resistor
Ci, 0.01
-Mfd. Fixed
Condensers
C2, 4.0-Mfd. Fixed Condensers
C3,
2.0-Mfd.
Bypass
Condensers
Three Sockets
Binding Posts
No special care is required in the construction of
this amplifier
although
wiseandto arrange
the layout so that the
variousit isgrid
plate leads
are
short. The condensers O and the resistor R-, are incorporated inthe circuit to prevent the amplifier
from motorboating. This circuit will also help to
keep
the
hum
power unit. low if the device is operated from a BA frequency characteristic curve of this amplifier
made in this Laboratory showed it to be flat from
100 to 10,000 cycles.
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Circuit of a Resistance-Coupled Screen-Grid Amplifier

Guarantee
of hidden value and unseen protection in a
radio tube is in the name

C Supply

B t Pet.
B+

OOO
B+ Power,
B+
45B+B Supply
135

Cunningham
—a reputation for quality zealously guarded
for thirteen years.
Manufactured and sold under rights, patents
and inventiona owned and/or controlled by
Radio Corporation of America
E. T. CUNNINGHAM, Inc.
New York Chicago San Francisco
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Amplification Constant
HOW IT MAY EASILY BE MEASURED
K and note Adjust
the Richange
reading
milliamso thatin the
as the
key ofis the
opened
and
TT IS not difficult with simple apparatus to closed nometer.change
takes
place
in
the
reading
of the
■*• measure the amplification constant of any tube milliammeter. When resistor, Rlr has been adjusted
The important apparatus required to make such a so that the plate current remains constant, caltest are two accurate resistances, one variable, the
culate the amount of resistance at Ri, included in
other fixed, and a milliammeter capable of carrying the circuit.
this resistance by 10, the value of
the normal plate current of the tube under test. R2, and the Divide
will be the amplification constant of quotient
tube.
The circuit diagram to be followed in making this
test
is given here. The following parts are used in
Example: A 201-A type tube is being tested and a
the circuit:
balance cludeisd in theobtained
are 83
83 by
ohms10 we
incircuit when
at Ri. there
Dividing
Ec
—
C-battery
with'
a
value
correct
for
the
tube
get
8.3,
the
amplification
constant
of
the
tube.
under test. Eb— B-battery with a value correct for
the tube under test. Ea — -Source of filament voltage.
EAccurate
— 45 volt10-ohm
B-battery.
Ri — Filament
rheostat.
R» —
resistor.
Rj — Accurate
variable
resistor, having a maxmum value of 300 or 400 ohms.
I — -Milliammeter having a maximum range of
aboutcircuit.
20 milliamperes. K — -Key to open and close
the
The important resistor in this circuit is Ri which
must be calibrated. A good potentiometer may be
used,
it is supplied
a dialcircuit
so that
amountprovided
of resistance
includedwithin the
can the
be
calculated.
For
example,
if
the
potentiometer
resistance of 400 ohms and the dial reads from has0 toa
100 then each degree would include 4 ohms.
The test is conducted as follows. With K open,
adjust Ec and Eb so that the tube is being operated
under the correct conditions of grid and plate voltEge. Note the plate current reading. Now depress
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Plate

Feed

Are you troubled with motorboating in your audio frequency
amplifier — or perhaps you have
purchased a pair of really good
audio frequency transformers and
after placing them in use, find
that results are not quite up to
Concentrated

your expectations? If your tubes
and plate supply are functioning

Effort!
IN specializing on and perfecting conJ densers and resistors which have stood
up under every test made to determine their worth, the Aerovox Wireless
Corp. has attained a goal made possible
only by perfect co-ordination, co-operation, and concentration of every element in an organization devoted exclusively to the production of high quality
condensers and resistors.
The Aerovox Research Worker is a free
monthly publication that will keep you
of the latest developments in
Rbreast
dio. A post card will put you on the
i
mailing list.

ERoyox.
78 WASHINGTON ST.
BROOKLYN, N. Y.

he Code
Wireless orAutomatic
Morse— at homeInstructor,
with the
Teleplex
better method forCodeself-instruction
xists. Quick—
Easy
— Thorough. only
Endorsed by U. that
S. Navy.
instrument
ReproducesThe ncliial
sendingAny— messages.
Kadiogiams,
etc.
speed. Complete
Course
(Cas tapes)
FREE.
Thirty
times
as
many words
any
other
instrument.
Avail
yourself of the Teleplfx for a quick mastery of the code. Write
for booklet BR. TELEPLEX CO., 7U Corttandt St., New York.
BROADCASTING From The INSIDE
EVERY month in RADIO BROADCAST appears the departments
"As known
the Broadcaster
It," written
Carl Dreher,
the best
broadcast Sees
engineers
in thebycountry.
Aliveonewithof
humor,
news,oneaptof and
searching
comment,
Mr.of radio
Dreher's
writings
have become
the
most
popular
features
writing
where. Are you reading it? Subscribe by the year and make sureany-of
not missing
a single
issue. Doran
Mail your
checkInc.,for Garden
§4.00 toCity,
Subscription Department,
Doubleday,
& Co.,
N. Y.

TYPE 369 IMPEDANCE
A unit suitable for use in
parallel plate feed systems.
Price $5.00

properly your trouble can, in
most cases, be eliminated by the
use of parallel plate feed. A
folder describing the advantages
of this system will be sent on
request.

We welcome your correspondence in regards to technical problems. Bulletin
Afo. 929, describing our complete line of Radio parts, will be sent on request.
274 Brannan St., San Francisco, Calif.
30 State St., Cambridge, Mass.
This is a good time lo subscribe for RADIO BROADCAST
Through your dealer or direct, by the year only $4.00
DOUBLEDAY, DORAN & COMPANY, Inc., Garden City, N. Y.
5T
RADIO
PANELS
BAKELITE— HARD RUBBER
Cut, drilled and engraved to order. Send rough sketch
for estimate. Our complete Catalotr on Panels, Tubes and
Rods — all of genuine ttakelite or Hard Rubber — mailed
on request.
STARRETT MFG. CO.
521 S. Green Street
Chicago, 111.
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Pat. Office

UAROSTAT

Ampemte
i7he "SELF-ADJUSTING" Rheostat

J

FROST-RADIO

SeTP
Adjusting.
For bestriableperformance
lubes require
a vafilament controlyour
to supply
the definite
currenttions.
theyAMPERITE
need, isdespite
"A"
battery
variathe only
self-adjusting
and
automatic filament tube
control
that does this.
Takes
the
efguess,"
inconvenience
andunsightliness out of panel rheostats. Simplifies wiring,
panel design, and tuning. Prolongs tube life.
Orderby name. Accept nothing else. PriceSl .10
mounted (in U. S. A.) For sale by all dealers.
Write son'sforbest FREE
BOOK" ofdata*
seacircuits "AMPERITE
find latest construction
Address Dept. R.B.-6.
RADIALL COMPANY
SO Franklin St., New York

RADIO
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0

1928 Edition, complete, up-to-date.
Full information
on A. C. and Screen
Grid Tubes. Over
900 pages,trations.1025
illusFor Service
and Repair Men,
Dealers, Salesmen,
Experimenters and
Designero. At dealers
or by mail, $6.00.
FREDERICK J DRAKE &C0%
U" PUBLISHERS ~—
M ic h ig'a n Aye.
Gh i c a sfo.

Frost Variable High
Resistances
Think of a variable high resistance with a marvelously smooth regulation over entire range of resistance strip, free from friction and almost totally
without wear, due to roller contact arm. No jerks —
no
jumps
dead spots
no suddenperfect
increases
decreases —innovolume.
Just — stepless,
regula-or
tion. Has Bakelite shell and cover, and engraved
Bakelitesetpointer
knob. Adopted
as standthousands
a-d by
leading
manufacturers,
and countless
are in use in home built sets. Supplied in two or
three terminal type, in wide range of resistances
from 2,ooo to 500,000 ohms, and with or without
switch. 2 or 3 Terminal Type, less switch, SI. 75.
2 or 3 Terminal Type, with switch, $2.10.
HERBERT H. FROST, INC.
Main Offices and Factory
Elkhart. Ind.
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A New A C Transformer
with terminals for use with all types of
Wiring Harnesses
Here is the latest A C success in the Dongan
Approved A C line No. 6570, built into a
crystalized lacquered case, is equipped with
terminals for use with the new wiring har'
nesses. Designed to operate with 4 UX 226,
1 UY227 and 1 UX 171 power amplifier tubes.
Also equipped with lamp cord and plug outlet for B-eliminator as well as tap for control
switch. Price $6.50.
A Complete Line of Approved
A C and Output Transformers
By-Pass and Filter Type
Condensers
for Set Manufacturers
and Custom Set Builders
The reason you can expect real engineering
help as well as par in modern design and construction idue
s to the fact that DongarTs entire radio business always has been devoted
exclusively to the interest of the set manufacturer.
Ask for information and prices, on any desired type, direct from Dongan to you.
See the Dongan Parts Exhibit at the R. M. A. Show
DONGAN ELECTRIC MFG. CO.
2991-3001 Franklin St. Detroit, Michigan

Jenkins
Condenser

& Adair
Transmitter
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The Screen-Grid Tube
CALCULATING GAIN
TDROBLEM: — Suppose that we have a radio-1 frequency amplifier connectedEg as indicated in
the
figure
and that the
a screen-grid
tube that
is used.canHowbe
can
we calculate
amplification
obtained?
(1)
— To constant
solve the problem
mustmutual
make
useSolution:
of the tube
known aswe the
conductance,
which,
for
the
screen-grid
tube,
has
value of about 350 micromhos or 0.000350 mhos.a
The mutual conductance Gm by definition,
(4)
(2)
where Gm is the mutual conductance in mhos; lie
is the alternating current
flowing
in the plate circuit;
Gm voltage
=
Eg is the alternating
impressed in the
grid; transposing this equation we get
/ac = Gm x Eg
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Current

its direction of flow
THE direction of flow of current around a
simple circuit consisting of a battery and a
resistance is generally considered to be as indicated
by the solid arrows in sketch A on this sheet. As
indicated, the current is thought of as flowing out
of the positive terminal of the battery, through the
resistance
battery. and into the negative terminal of the
Now let us look at the circuit of a vacuum tube,
as indicated in sketch B. In this circuit we would
assume that the current would flow as indicated by
the solid arrow, i, e., out of the positive terminal
through the tube and into the negative terminal
just as it did in circuit A. However, we know that
the
filamentandof that
the the
tube electron
is the electron-emitting
substance
flow is from the
filament to the plate. Apparently we have two
currents
circuit, and flowing
this has inledthesome
experimenters
to distinct
believe
that there were two
currents
flowing
in the
circuit, one other
the
battery
current
and the
the electron
current. This is not so and
there is only one current
flowing incircuit.
the circuit, the
electron
(A)

June, 1928

as an R. F. Amplifier
across the input Eg. Transposing equation (4) to
get this ratio we obtain
^ = Gm X Z
This equation shows=35that the gain of this circuit
using a conductance
screen-grid oftube
equaltimes
to the
the
mutual
the istubesimply
in mhos,
effective impedance of the tuned circuit.
Therefore, if we know the impedance into which
be tube is working, we can, by multiplying the
the
impedance by Gm, obtain the amplification. If the
tuned ancecircuit
resonance
an effective impedof 100,000at ohms
then has
the amplification
would
Amplification =0.000350 x 100,000
Tube

The voltage Et across the tuned circuit is equal
to the impedance of the circuit Z times the current
through it
Et = /acxZ
(3)
and therefore
Et = Gm x Eg x Z
The amplification of the circuit is equal to the
voltage across the output Ex divided by the voltage

To next

June, 1928

Thetric current
idea flows
that the
from electhe
positive
to
the
negative
originated before anything
was known
aboutof electrons. This direction
flow
has since been proved
to be wrong. It is now
realized that an electric current is actually a flow of
electronstrons, and
that elecbeing negatively
charged, flow toward the
point tential.
of Therefore
positive
pothe actual
flow of current in the
tube circuit B and the
battery dicircuit
A is asarrows.
incated by the dotted
Fortunately the incorrect assumption that was
made rentyears
for the indirection
of the offlowelectrical
of curis not ago
important
the solution
problems so long as we remain consistent regarding
the direction injwhich the current is assumed to flow.
Many meters used in electricity are marked
with plus and negative signs and the winding of the
meter is arranged so that the pointer on the meter
will
deflectof inthethe meter
right direction
when tothethepositive
terminal
is connected
more
positive part of the circuit.
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Resistors
Referring to the chart below, we find that the
determining what size to use
vertical line corresponding to 2000 ohms crosses the
line corresponding to 0.020 amperes
IN CHOOSING a resistance for any particular horizontal
(20 milliamperes) at the point indicated between
purpose it is necessary to determine the value the
curves of 1.0 and 0.25 watt resistors. In such a
required, the current it must carry and then from case
we must, of course, always uSe the larger size
these two facts determine the wattage rating re- and therefore
quired. The chart published on this sheet will prove watt resistor. in this case we should use the 1.0useful to determine:
\.
(a) the wattage rating a resistor must have to
PERES,
carry a given current
Relatioi Between
(b) the current a resistor, of given wattage ratM ILUAM
ing, will carry
JHMS A ND WA
The curve is plotted to cover resistors up to
10,000 ohms and wattage ratings up to 5 watts.
Example: A resistor is to be used to supply
•
C-bias
to a 171-A
The plate
current ofis the
tube (which
musttype
flowtube.
through
the resistor)
20
milliamperes.
The ofrequired
is 40
=0.020 C-bias
volts.
What value
resistance
and voltage
what wattage
rating should the resistor have?
To calculate the required value of resistance we
^5 Walt
use Ohm's law.
Voltage
0.125 Wa
Resistance 40
Current in amperes
Walt "
5 ll
1251.0v^£Wa
~— 10,000 12,000 14,000 16,000
tt 8000
Wa
6000
=2000 ohms
RESISTANCE IN OHMS
No. 200

For Broadcasting, Phonograph
Recording, and
Power Speaker Systems
fT^HIS transmitter is a small condenser which
X varies its capacity at voice frequency, and
is coupledfication,
direct
a single
stage of amplicontainedinto
in the
cast aluminum
case.
The output, reduced to 200 ohms, couples
to the usual input amplifier. The complete
transmitter may be mounted on the regulation
microphone stand. It operates on 180 v. B and
6 or 12 v. A battery.
This transmitter contains no carbon, and is
entirely free from background noise. Its yearly
upkeep is practically nothing. It is extremely
rugged, and will withstand hard usage.
Price, complete with 20 ft. shielded cable,
$225.00 F.O.B. Chicago.
J. E. JENKINS & S. E. ADAIR. Engineers
1500 N. Dearborn Parkway,
Chicago, U. S. A.
Send for our bulletins on Broadcasting
Equipment
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STATEMENT OF THE OWNERSHIP. MANAGEMENT, CIRCULATION, ETC., required bv the Act
of Congress of August 24, 1912, of RADIO BROADCAST, published monthly at Garden City, New York
'or
April I, 1928. State of New York, County of
Nassau.
Before me, a Notary Public in and for the State
and County aforesaid, personally appeared John J.
Hessian, who. having been duly sworn according to
law, deposes and says that he is the treasurer of
Doubleday, Doran & Co., Inc., owners of Radio Broadcast and that the following is, to the best of his
knowledge and belief, a true statement of the ownership, management (and if a daily paper, the circulation), etc., of the aforesaid publication for the date
shown in the above caption, required by the Act of
August 24, 1912, embodied in section 411, Postal
Laws and Regulations, printed on the reverse of this
form, to wit:
1. That the names and addresses of the publisher,
editor, managing editor, and business managers are:
Publisher, Doubledav. Doran & Co., Inc., Garden City,
N. Y.; Editor, Willis Wing. Garden City, N. Y.;
Business Managers, Doubleday, Doran & Co., Inc.
Garden City, N. Y.
2. That the owner is: (If owned by a corporation,
its name and address must be stated and also immediately thereunder the names and addresses of
stockholders owning or holding one per cent, or more
of total amount of stock. If not owned by a corporation, the names and addresses of the individual
owners must be given. If owned by a firm, company,
or other unincorporated concern, its name and address, as well as those of each individual member,
must be given.) F. N. Doubledav, Garden City,
N. Y.; Nelson Doubledav, Garden City, N. Y.;
S. A. Everitt, Garden City. N. Y.; Russell Doubleday, Garden City, N. Y.; George H. Doran, 244
Madison Avenue. N. Y. C. ; George H. Doran, Trustee
lor M. N. Doran, 244 Madison Avenue, N. Y. C. ;
lohn J. Hessian, Garden Citv, N. Y.; Dorothv D.
Babcock,
Oyster
Bay, N.VanY.:Wyck
'AliceDoubleday,
De Graff, Oyster
Bay, N. Y.;
Florence
Bay, N. Y.; F. N. Doubleday or Russell Doubleday,
TrusteeDoubleday,
for Florence
City, N.Eaton,
Y.;
Janet
Glen Doubleday,
Cove, N. Y.:Garden"
W. Herbert
Garden City, N. Y.; S. A. Everitt or John J. Hessian,
Trustee for Josephine Everitt, Garden City, N. Y.;
W illiam J. Neal, Garden City. N. Y. : Daniel W.
Nye, Garden City. N. Y.: E. French Strother. Garden
Citv, N. Y.; Henry L. Jones, 244 Madison Ave.,
N. Y. C: W. F. Etherington, 50 East 42nd St.,
N. Y.
N.
Y. C:
C. Stanley M. Rinehart, Jr., 1192 Park Ave.,
3. That the known bondholders, mortgagees, and
other security holders owning or holding 1 per cent,
or more of total amount of bonds, mortgages, or
other securities are: (If there are none, so state.)
NONE.
4. That the two paragraphs next above, giving the
names of the owners, stockholders, and security holders, if any, contain not only the list of stockholders
and security holders as they appear upon the books
of the company but also, in cases where the stockholder or security holder appears upon the books of
the company
as trustee
in any orothercorporation
fiduciary for
relation, the name
of theor person
whom such trustee is acting, is given; also that the
said two paragraphs contain statements embracing
affiant's stances
fulland conditions
knowledge under
and belief
to the circumwhich asstockholders
and
security holders who do not appear upon the books
of the company as trustees, hold stock and securities
in a capacity other than that of a bona fide owner;
and this affiant has no reason to believe that any
other person,
any interest direct orassociation,
indirect inorthecorporation
said stock,hasbonds,
or
other securities than as so stated by him.
5. That the average number of copies of each issue
of this publication sold or distributed, through the
mails or otherwise, to paid subscribers during the
six months preceding the date shown above is
(This information is required from daily publications
only.)
(Signed) DOUBLEDAY, DORAN & COMPANY, Inc.
By John J. Hessian, Treasurer.
Sworn to and subscribed before me this 15th day of
March, 1928.
[seal]
(Signed)
(My commission
expiresFrank
March O'Sullivan
30, 1928.)
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Satisfaction?
After all, it is the satisfaction you expect to derive from
it that causes you to buy any product. It may be satisfaction obtained from the use of the device, or satisfaction
from pride of ownership.
Pattern No. 139
Owners of the Jewell Pattern No. 139 high resistance
High Resistance Owner
Voltmeter — For the Set
voltmeter for the set owner find satisfaction both from use
and pride of ownership, for the use of this instrument brings
assurance of accurate results and its appearance will be an attractive addition to any radio set.
Pattern
No. draw,
139 iswith
of theresults
D'Arsonval
movingaccurate
coil typethanwithobtained
high internal
little
current
much more
with theresistance
ordinary requiring
type of
voltmeter. The range is 0-300 volts. Movement parts are all silvered, and the scale is silver
etched with black characters.
Description and price of this instrument are given in a special circular No. 1 103. Write for a copy.
Jewell

Electrical Instrument Company
1650 Walnut Street, Chicago
"28 Years Making Good Instruments"
etric \

FollOW the Radio Leaders!
Those who know the value of microm
resistance — precisely matched to radio conditions— always specify not merely variable
sistance but —
ileondre[

ClAROSTA
ROBERT S. KRUSE
Consultant and Technical Writer
103 Meadowbrook Road, West Hartford, Comic
Telephone Hartford 45327
This is a good time to subscribe for
RADIO BROADCAST
Through your dealer or direct, by the year only $4.00

Always

Improving!

Why not subscribe to Radio Broadcast? By the year only $4.00;
or two years J6.00, saving $2.40. Send direct to Doubleday,
Doran 6? Company, Garden City, New York.
The Improved
HAMMARLUND

*p\0 INVENTION
The world needs radio inventions. One idea may make you rich. A new *book
by Raymond
contains a listinventions.
of 99 neededConcentrate
Radio Inventions.
Don't
spend
time described
andF. Yates
effortWANTED
on the NEEDED
inventions,
inanthisworthless
book.
901 OTHER NEEDED INVENTIONS
are also described, including Automotive, Electrical, Auto, Mechanical, ChemiSend andno address
meney. plainly
Cut outwritten,
this advertioementcal. Overand100sendpages,it todurably
us wltbbound.
your name
and
your copy of this remarkable book will be sent immediately. Pay the postpostage edition.
on arrival.WriteMoney
after 10 \\days'S. examin•tiooman ifonly S1.25
desired.plus Limited
NOW.backlOntside
91.00
cash
with order.)
Kf»hr«tcr,
N. Y. BUREAU OF INVENTIVE SCIENCE, Dept. 466,

l

x-

Equalizing Condenser
Greatly simplified, more compact
and more sturdily constructed than
the previous model.
The fixed plate of brass, the mica
dielectric and the movable phosphor-bronze spring plate are firmly
riveted to the Bakelite base and
cannot short. The adjusting
screw
iation. gives a wide capacity var-

EVER seeking ways to better its products
and to reduce their cost — that is the
Hammarlund purpose.
But quality first is the Hammarlund ideal,
steadfastly maintained for 18 years.
Whatever radio parts you may need —
condensers, coils, chokes, dials or shields,
ask for Hammarlund first.
It is the safe way to insure satisfaction.
Interested in low-wave reception?
Write for special folder.
HAMMARLUND

MFG.

424-438 West 33 rd Street

CO.
New York

Gr<yu Battel, Radio-ammarlund
P FtEC /SION
PRODUCTS
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New Aero Circuits
for Either Battery or A. C. Operation
Proper constants for A. C. operation of the Imand the
Aero Seven
studied proved
out,Aero-Dyne
and 6these
excellent
circuitshave
are been
now
adaptable to either A. C. or battery operation. A. C.
blue prints are packed in foundation units. They
may also be obtained by sending 25c for each direct
to the factory.

Aero Universal
Tuned Radio Frequency Kit
Especially designed for the Improved Aero-Dyne 6.
Kit consists of 4 twice-matched units. Adaptable to
201-A, igg. 112, and the new 240 and A. C. Tubes.
Tuning range below 200 to above 550 meters.
Code No. U-16 (for .0005 Cond.)
$15.00
Code No. U-163 (for .00035 Cond.)
15.00

Aero Seven
Tuned Radio Frequency Kit
Especially designed for the Aero 7. Kit consists
of 3 twice-matched units. Coils are wound on Bakelite skeleton forms, assuring a g5 per cent, air dielectric. Tuning range from below 200 to above 550
meters.
240 and A.Adaptable
C. Tubes. to 210-A, 199, 112, and the new
Code No. U-12 (for .0005 Cond.)
$12.00
Code No. U-123 (for .00035 Cond.)
12.00
You should be able to get any of the above
Aero Coils and parts from your dealer.
If he should be out of stock order
direct from the factory.
AERO PRODUCTS, INC.
1772 Wilson Ave. Dept. 109 Chicago, 111.

Radio
Convenience
Outlets
Wire your home for radio. These outlets fit any standard switch box. Full
instructions with each outlet.
No. 135- — For Loud Speaker $1.00
No. 137 — For Battery Connections 2.50
No. 136 — For Aerial and Ground 1.00
With Bakelite Plates
Now furnished with a rich satin brown Bakelite
plate, with beautiful markings to harmonize, at
25 cents extra. See Illustration.
At Your Dealers
Yaxley Mfg. Company
Dept. B, 9 So. Clinton St.
Chicago, HI.
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Haven

of

a

Sea^Goinj

Audion

(Washington Island)
on ofTeraina
LIFE
was one
complete detachment from all
the rest of the world. After a thrilling
ride through the surf and a safe landing on the
beach, a strange sense of having been abandoned
comes over you. This is followed, after a few days
by a feeling of emancipation. At last life is freed
from its great complications, and the mad
existence of the cities is but a hazy thing of the
past. Living is simplified to the fundamentals.
Sleep is not only a matter of the nights but is
indulged in during the hot noon-day. Food comes
from cans without fuss or garnish. Eating is a
necessity — not a habit. Everyone has work to
perform and in so doing is called upon to exercise
feats
of ingenuity
belief. Further
There isn't
any assistance
aroundbeyond
the corner.
and
d
further into the backgroun of the mind fades
the worlds beyond the horizon, and greater becomes the content with the life at hand.
The steamer from Honolulu arrived about
every four months (once it was nine!) and
brought mail, excitement, and grief, most times.
For the few days the little ship lay off the island,
unloaded its cargo of food and supplies, and took
aboard the tons of copra we had laboriously gathered, conditions ashore were in a state of crazy
confusion. The mail had to be sorted for matters
of great importance requiring immediate reply;
the supplies to be checked and examined, some
to be returned or complained about; sometimes
distinguished guests to be entertained, when
every minute was so vital to personal affairs.
At last the sailing hour arrives, the ship disappears, and the last surf boat is hauled ashore.
There are weary sighs, some cursing, a few drinks
of gin and cocoanut, and a prayer that the
blooming ship will never return!
Tabueran (Fanning Island) and Teraina
(Washington Island), are Briti s h possessions,
situated one
thousand miles
directly south of
Honolulu, about
three degrees
north of the
Equator, andmiles
five
thousand
west of Panama.
The finest copra
in the world is
nutted here, but
never in large

ON THE sands behind the coral reefs of
Washington Island, in the Pacific South
Seas, a thousand miles south of Honolulu
and five thousand miles west of Panama, an
audion bulb was picked up some years ago.
There was a radio telegraph station at Washington Island, and R. A. Travers was the
operator. He saw the audion bulb, recognized
the handiwork of the inventor, and that
night put the bulb in the mail, with the following letter: Washington Island.
Via Honolulu and Fanning
December Island
1, 1919.
Dr. Lee De Forest,
New York City.
Dear Doctor DeForest:
I am sending you by parcel post an interesting valve I believe to be one of you pre-war
types.
. This
valveocean,
traveled
many over
miles'a
through. .the
Pacific
bobbed
coral reef, and came to rest on the sands of
this island. . . . Washington island is a wee spot
in the wide Pacific, having less than a dozen
miles of coast. . . . From wreckage picked up |
from time to time, it appears drifting objects j
come from the eastward. ... I believe this 1
valve will be of interest in your collection.
R. A. Travers.
The foregoing paragraphs appeared in an
article in the November, 1925, Radio Broadcast as introduction to part of the history of
Dr. Lee DeForest. Mr. Travers here writes his
side of the story and gives an interesting
description and more d'etails of this "wee
spot in the wide Pacific" where the "lost
audion " was found.
Pacific

Cable Board's

quantities,
because the major
parts of
islands
are both
wild,
A-FILTER
Here is a new kind
of DRY and HUMLESS A-FILTER,
ready to hook onto
any 6 volt charger,
to convert your fila- ■v .
ment supply to A. C.
No harnesses, no new tubes required.
Clip this ad. and send with your
name and address today for pamphlet B-s.
TOBE DEUTSCHMANN CO.
N
CAMBRIDGE. MASS.
/

prohibiting
mum cropsmaxiand
efficienttion. Incollec1917 an
Englishman was
sent from London
to placeton WashingIsland on
a more modern
operating basis
and increase production.
At Fanning is
located the relay
station on the

Canadian-Australian
lines. The cable
from Fanning to
Bamfield, British
Columbia, is the
longest running
in the
world,
from the warm
waters of the
slate
gray,
tropics into
the
choppy
shallowsandof cold
the
north — five thousand miles! All
important communications between England
and the Colonies
were routed over
this cable, and so
we find one of the
notorious German raiders terPacific, roslipping
rizing the South
ashore at Fanning, andplaced
with
some well

WASHINGTON ISLAND IN THE SOUTH PACIFIC
Here the author found the audion which
had drifted thousands of miles — from where?

dynamite,
encovered largingbythe area
the
cable buildings.
Off-shore the cable was cut. This
may have had
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B1ACH

RELAY
Used

Exclusively
in the

COOLEY
Rayfoto Receiver
Approved by
A.G.CO OLEY
For Further Information Address
L.S.BRACH
MFG.
CORF?
ENGINEERS AND MANUFACTURERS
NEWARK N J U.S.A.
TORONTO. CAN.

something to do with the fact that in May, 1917,
I left San Francisco with two 3 kw. wireless
sets for the islands. A naval operator came from
Sydney Navy Yard to take over Fanning and I
proceeded to Washington. The grief and struggle
of construction is another tale.
A manager, bookkeeper, doctor, surveyor, two
half-caste overseers, myself, and about twohundred natives set about building a settlement
and at the same time gathering copra. The
replacing of thatched huts by modern cottages
occupied many months of labor. Every Sunday
morning at about eleven o'clock, the Staff
assembled and in a very dignified manner made
an inspection of all work and of the native
quarters. To the manager this was a serious affair
executed with military severity, but to the others
it was a joke, and much playing took place
behind his back. A match on the floor or under
a native's house was sufficient to have the offender arrested and brought before "Court" Sunday
evening. Many amusing situations developed
in "Court" and often the stern manager-judge
"lost face". There was the case of Kabuta who
refused to clean his house unless he was paid
overtime for so doing. He contended that, as the
house belonged to "The Company" he should be
paid for keeping it clean. This brought about an
impasse, and he was arbitrarily ordered to polish
it up if he expected to live in it. The following
morning native police reported Kabuta had not
slept in his house and was absent from camp.
This violated two more rules. Kabuta stated he
had spent the night sleeping on boxes of dynamite in a lean-to, about a mile up the beach,
where cleaning wasn't necessary.
DISCOVERING THE AUDION

on
Don't Gamble RESISTANCE!
Poor radio
results
are
generally
due resistto incorrect resistance values or defective
ances. If you would avoid gambling, just
f^N THE morning of September 16, 1 9 1 7, 1
experienced the same sensation as the man
remember —
[
]who saw the giraffe for the first time and exclaimed, "There isn't any such animal!" The
usual inspection was in progress, and the average
number of arrests being made, when my attention was attracted to a little glass ball suspended
from the rafters in a native's room. Wrinkling
Read Radio Broadcast
my nose in native fashion point, I asked of the
fellow squatting
on theup floor,
He
shrugged
his shoulders
around"Terrah-"
his ears and
ever}- month. You can't afford to miss an issue. Order
your copy from your Newsdealer or Radio Store. If
with
a
puzzled
expression
on
his
chocolate
feayou wirh to subscribe direct send £4.00 for one year
tures replied, "Ungcome!" I extended my hand
or S6.00 for two years.
for the thing and he passed it to me. Imagine
my astonishment to find that it was a DeForest
DOUBLEDAY, DORAN & COMPANY, Inc.
Audion. the first 1 had ever seen, but recognized
Garden City, N. Y.
from pictures. 1 wanted to know where the
native had found it and he said, "Ay naka may
en tardy," (" It came here from the sea,") He had
picked it up while walking along the beach and
thought it a pretty bauble.
There is a native custom which forces one to
Big, New
give up an object if the other party desiring
Summer

Radio

Catalog
Dealers — Set Builders — Agents
Write for this Catalog. New Summer and
Fall Book. Save money on newest hookups,
sets. kits, parts, accessories at lowest prices.
The "Big. Friendly Radio House"
WESTERN RADIO MFG.
COMPANY
126 W. Lake St. Defit. 46 Chicago, 111.

itIn merely
begs forI became
it saying,the"Now!
this manner
owner Yeof pacheco."
the tube,
one of the strangest and most fragile bits ever
cast ashore by the pounding seas.
Remember that this was in 1917 and I doubt if
there was a handful of these tubes in the entire
territory contiguous to the Pacific Ocean. Some
tubular shaped Audiotrons, made in Berkeley,
California, were being used. I had a dozen myself.
The question as to where this Audion could
have come from was a difficult one to answer.
Teraina was 900 miles from the Australian sealanes and 1800 miles from the courses to Tahiti.
Honolulu was the nearest port and that was a
(continued cm page 118)

RADIO
DEALERS
Send

for our catalog

illustrating the products of over 100
radio manufacturers.
WHOLESALE

ONLY!

F. D. PITTS COMPANY
219-223 Columbus Ave.
BOSTON, MASS., U. S. A.
Established 1919

Second
First Stage turn ratio 43 )) $10-°°
Each
Standard of Excellence in
Audio Amplification
AmerTran De Luxe Transformers are
but two of more than 30 quality Radio
Products bearing the name AmerTran,
including power transformers, choke
coils, push-pull systems and allied
products. Each AmerTran device is
designed for a specific use. Full and
authoritative information will be
given on any audio or power problem.
American Transformer Company
Transformer Manufacturers for 28 Years
121 Emmet St., Newark, N. J.

IIS
Model
537
Makes
every
required
test
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(continued from page nj)

thousand miles to the north'ard. Allowing a drift
of but a few miles a day, many months must
have passed and miles unwound from the point
of departure until riding the surf, this tiny glass
bulb found rest on the sands at Teraina. Study
of other drift material offered the only opportunity for conjecture.
Cocoanuts are supposed to have come from
Central America and vegetated throughout the
South Pacific. While digging an irrigation canal
on Washington Island, an old Manahikian canoe
was found. It was quite a distance inland from
the present shore of the lake and buried in gravel,
which undoubtedly was the old lagoon beach,
before the present lake was formed by the lagoon's closing. The bow is in good condition and
now occupies a prominent position in the Bishop
A. C. and D. C. Set Tester
Museum, Honolulu. There are legends told by
the old men of Manahiki, about travels to TeThisfit is"Universal"
self-contained
outall the service man needs for
raina in great canoes. One tale recites how the
testing every kind of receiver made.
King of Manahiki, angered at some of his people
No other equipment necessary. The
who refused to return from Teraina, cursed them
outfit
consists
of two
3-j" required
special
and cried for a tidal wave to wipe out the rebel
instruments
giving
all the
village. The canoe is pointed out as evidence of
A. C. and D. C. readings under actual
Manahikian occupation and the closed lagoon as
operating conditions.
the fulfillment of the curse.
WESTON ELECTRICAL INSTRUMENT CORP.
Of more recent date is a load of lumber con604 Frelinghuysen Avenue, Newark, N. J.
signed to A. P. McDonald, Tahiti. This must
have been washed overboard from some schooner
and found its way to Fanning and Washington.
Fanning is 75 miles to the southeast of WashingWESTON
ton. The lighter pieces came ashore at Washington while all the great, heavy beams piled up on
RADIO
Fanning, without exception. The British Commis ioner at Fanning seized the lumber for his
INSTRUMENTS
new house, quoting a law some hundreds of years
Order your copy of Radio Broadcast from your
old, which claims everything from the sea for the
news dealer or radio store. Make sure that he
Crown.
reserves a copy for you each month. If your
Standard Oil Barge No. 95 almost foundered
favorite radio store does not stock the magazine
off the coast of lower California. Everything on
write us giving name of radio dealer and address.
deck was swept away. A year and a half later,
one of her steel lifeboats, buoyed by the airtight
Resistance for Every Need!
compartments in bow and stern, majestically
Volume Control, Grid Leak, Standard (Unifloated past our island. An object resembling a
versal
Range),
Power,
Table
Type,
Duplex
—
there is one for every radio purpose when
human head was visible, silhouetted against the
you use
bright noon-day sky. Dave Greig, the overseer,
]and I were the only ones at the settlement, except the cooks and store boys. Greig launched
Reg. U. S. ^^B^^
P»t. Office
a
small
fishing boat and started to run down the
visitor. What suspense as I stood on the beach
OAROSTAT
and watched him overtake the lifeboat! Then he
AERO
Corona Coil
gave
me the
prearranged
signala that
there against
wasn't
any one
aboard.
After quite
struggle
the strong current, Grieg succeeded in bringing
Used in New
the boat ashore. We were surprised to find it
nearly full of water and with a great many fish
of all sizes swimming about. The bottom was
Cooley "Rayfoto"
filled with fish bones, who had perhaps served as
Of
course
the
new
Cooley
"Rayfoto"
uses
an AERO Inductance Coil. This special
food for later comers. Many of the bones were
coil is designed to meet the exact specifrom large sharks. This craft must have come
at least 5000 miles, and as it is highly improbable
fications of A. G. Cooley, whose "Rayfoto" receiver so many experimenters will
that it traveled anything like a straight course,
build. For every inductance requirement
the distance must have been many times that.
AERO Coils are proved best — by experts
All of this drift has been from the eastward and
and amateurs as well. Always specify
in each case, except the audion, a point of origin
AERO Coils if you want the finest in
radio performance.
is known. It is possible that the DeForest wanderer started somewhere in the Atlantic, bobbed
AERO PRODUCTS, Inc.
through
the Canal, crossed the Pacific, and came
1722 Wilson Avenue
Chicago, 111.
to rest, at last, on the beach at Teraina. This is
not any more difficult to believe, than the mere
fact that it came out of the sea, over a rocky reef,
Convenient
and Reliable
to the beach — a beach whose entire length is but
The convenience of variable or adjustable
resistance has never been questioned. It has
eleven miles, situated in mid-Pacific where disbeen a matter of reliability and noiseless opertances are measured in thousands of miles!
ation. You get both in the
The cocoanuts, the canoe, the lumber, the lifei
boat, and the DeForest Audion — symbols of an
age, and slender threads from other worlds —
to peaceful, detached Teraina!

THIS SIZE §1.00
Many Radio Sets are now out of date because they do not include the latest improvements. To meet the popular demand
and bring a fair price every radio receiver
should mitter
be made
with ato microphone
transthrough which
talk* sing, play
the
piano, violin, phonograph, band, orchestra
or any musical instrument by the loud
speaker, in the room, or any distance away.
No additional coils, magnets, or batteries
are needed to make a player radio receiver,
or change one that is already made into a
player radio, they are already there, and it
is only necessary to connect a phone cord
to the screw eye on each side of the Baby
Mike Transmitter and plug it into the detector circuit as shown in the plain printed
directions with each microphone and sent
by sealed letter for $1.00. With cord, $1.25.
With cord and plug, $1.50. Special socket
adapter 50c. extra. Interesting circular free.
DONT buy a radio until you hear from us.
The ELECTRIC Specialty Co.
309 Phillips St.
Box 244
Helena, Ark.
This is a good time to subscribe for
RADIO BROADCAST
Through your dealer or direct, by the year only $4.00
DOUBLEDAY, DORAN & CO., INC. GARDEN CITY, N. Y

Build for Permanence
C

a

t b

—

to e 1 1

FOR
CARDWELL TAPER PLATE CONDENSERS (unbelievably rigid-best forshortwaves)
and other receiving condensers in many capacities.— TRANSMITTING
CONDENSERS
for Amateur,
broadcasting and
commercial
use— AIR DIELECTRIC FIXED CONDENSERS — ULTRA HIGH VOLTAGE TRANSMITTING CONDENSERS — Standard or
built to fit your exact requirements.
WRITE FOR LITERATURE OR
STATE YOUR REQUIREMENTS
-h &l)e&UenB.CarbtoeU;fHfg.Corp. ^
81 Prospect Street
Brooklyn, N. Y.
SI
IS
Dept. B
SHIELD

GRID

BOOSTER
This little device will inject almost
undreamed of pep into almost any
receiver and is ready for instant atsential partstachment.
$17.Price assembled $25. EsWrite for information on the entire
Browning-Drake line, now complete
with sets, kit parts, and a wonderful
loud speaker.
Browning-Drake Corp.
CAMBRIDGE, MASS.
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If you buy or build, make or sell, anything in radio,
/
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you need Radio Broadcast for the next eight months,
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A $2.00 investment for the next eight issues will
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6ROSL
Take advantage of the most amazing offer
ever made in all Radio History!
Try this remarkable new Crosley Radio with
Crosley new type D Musicone without cost or
obligation. Just phone a Crosley dealer — tell him
you want to test the new Crosley Jewelbox.
Home is really the place to buy radio!
Home is where you can decide leisurely and surely.
Crosley dealers are authorized to home demonstrate this new radio. Antenna unnecessary for
such demonstrations — 30 feet of wire on the floor
of the room will do nicely.
Put the Jewelbox to any test!
Compare it with your old set. Try it with any
other! Learn what radio reception can be. Note
how easy it will be to break through any surrounding wall of local stations — to bring in distant
programs quickly, clearly and in full volume. Be
sure you test the Jewelbox with the Crosley
new type D Musicone that you may fully realize,
if you own an old set or have not heard a Crosley,
how far radio has progressed.
— Remember — you do this all in your own home
at no cost and no obligation to you!
Buy Radio Reception — not Furniture!
The Jewelbox is a radio fine enough to go into the
finest furniture you can buy and as such is easily
installed — but it is distinctive, decorative and
desirable by itself. In Crosley radio you buy
perfect reception and radio enjoyment first!
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New
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EWE

S5
WITHOUT TUBES
Try it in your home
— thafs the only way

trial!
THE CROSLEY RADIO CORPORATION
Powel Crosley, Jr., Pres.
Cincinnati, Ohio
Licensed only for Radio Amateur, Experimental
and Broadcast Reception.
Montana, Wyoming, Colorado, J^ew Mexico
and West prices slightly higher.
Tlw Crti lf Rid™ G>. »r„
lllllll
The Musicone finished to match the Jewelbox, $15

LB

OX

The new Crosley Jewelbox is self-contained
to operate from light socket.
All operate!
in one beautiful
case. AddSupplying
tubes and180it'svolts
readyto
to
It is powerful.
power output tube it gives full undistorted volume.
Other sets supplying 110 to 135 volts result in
poor quality, distortion and less volume.
The new Jewelbox is acutely selective.
The Acuminators, an exclusive Crosley feature
enable you to tune sharply on distant stations
increasing signal strength and volume to a surprising degree.
The new Crosley Jewelbox is up-to-date.
The dial is illuminated — a modern necessary feature. The set is completely shielded as all high grade
radios should be. The rich brown finish high-lighted
with gold makes it an ornament to grace the finest
room. The beauty of the Jewelbox will charm you.
The price of the new Jewelbox is a triumph
of manufacturing genius!
Crosley engineers designed this new Crosley Jewelbox under explicit instructions to make first a
perfect radio. If the production of their final
design had been limited to a few hundred, only
wealthy persons could have afforded them. But
with efficient Crosley production methods, facilities
to manufacture parts in million quantities and a
faith in the enormous demand such values would
create, this splendid radio receiver is priced at $95.
Write Department 20 for literature.
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RADDOFONE!
THE ^'V,/ ELECTRIC
RADIO PHONOGRAPH
COMBINATION*
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with 2 rectifier*
tubes
oefdeef
r

PlIROPCWER
86inch SpeaUer
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COOLEY
Rayfoto Receiver
Approved by
A G. COOLEY
For Further information Address
L.S.BRACH
MFG.
CORR
ENGINEERS AND MANUFACTURERS
NEWARK N J U.S.A.
TORONTO, CAN
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Means

Name
Everything

Strict vigilance guards
the acknowledged high
standards of these tubes
with the result of an
ever-increasing efficiency of performance.
A set of new Cunningham Tubes gives new
life to your radio.
X;Xv-;Xv
•XXvXX
XvXvXy

Manufa
tured and
anil sold
under -XvX-X'
nght;.. patents
inventions
owned and/or controlled by XyXX*
Radio Cot poration of America. vX-xX;'
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E. T. CUNNINGHAM Wi
Inc.
.aX-XX-X
New York
Chicago
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JU*T OFF THE PRE*S
By to the minute; much new
thoroughly revised; right dozen
material never published; greatly improved
and enlarged; no advance in price
Fourth Edition
"Radio Theory and Operating"
Texanna Loomis
Loomis
PresidentMary
and Lecturer
Radio College.
Member,
Instituteon Radio,
of Radio Engineers,
Copyright
in
XT.
S.
and
Great
Britain.
Nearly 900 Pages. Over 700 Illustrations.
Beautifully bound in Flexible Red Kraft Leather,
stamped in gold.
Complete text and reference book on radio, with special chapter on "Aircraft Radio," and much European
material
first and
editionsinceof
this
bookadded,
was especially"
published British.
in July,The1925,
that time has been used as a text by practically all
the leading radio s hools in the United States and
Canada, by many universities, technical colleges and
high schools, and by all the United States radio schools
of the Army, Navy and Coast Guard, also a reference
book of the Department of Commerce. It has long
since been recognized as
America's Standard
RADIO TEXT BOOK
and has had the largest sale of any radio book on the
market during the last three years. It contains a
wealth of practical, systematically arranged, and sympathetically presented information. This book, so difother worksnoton just
the page
subject,afteris understandableferentand frominteresting,
page of dry
theory. The author has received hundreds of letters
from educators, radio experts and fans from all parts
of the world praising the book in highest terms. It
seems to have filled a long felt want in the line of
radio text and reference books. Each edition has been
a great improvement over the preceding edition, but
the latest edition (4th} far surpasses any of them. It
isinterested
a libraryin inradio.
itself, and you should have a copy, if
PRICE $8.50
Postage Paid To All Countries
For sale in nearly all bookstores in the United States, also in
Shanghai,
China;
England;
Melbourne,
Wellington.
N. Z.JB.London,
Calcutta,
India; Honolulu.
T. H. Australia;
; Manila,
P. I. ; Vancouver,
C.
Buy of your hookdealer, or send check or money order to
LOOMIS PUBLISHING COMPANY
Dept. 10
Washington, D. C.

RADIO
DEALERS
Send

for our catalog

illustrating the products of over 100
radio manufacturers.
WHOLESALE

ONLY!

F. D. PITTS COMPANY
219-223 Columbus Ave.
BOSTON, MASS., U. S. A.
Established 1919
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New

SHORT
The

and

WAVE
Aero

Better
RECEIVER

International

Four

View)
(Rear Panel

NOTICE
We can furnish
all parts for this
new receiver, inunit,cludingdirect
foundafrom tionfactory.

FROST-RADIO
Frost Variable High
Resistances
Think of a variable high resistance with a marvelously smooth regulation over entire range of resistance strip, free from friction and almost totally
without wear, due to roller conta t arm. No jerks —
no jumps — no dead spots — no sudden increases or
decreases
volume. shell
Just andstepless,
regulation. HasinBakelite
cover, perfect
and engraved
Bakelite pointer knob. Adopted as standard by
leading set manufacturers, and countless thousands
are in use in home built sets. Supplied in two or
three terminal type, in wide range of resistances
from 2.000 to 500,000 ohms, and with or without
switch. : or 3 Terminal Type, less switch, $1.75.
2 or 3 Terminal Type, with switch, $2.10.
HERBERT H. FROST, INC.
Main Offices and Factory
Elkhart, Ind.

list.
Write for informationkitand complete
price
These are the new Aero L. W. T.
Coils used in the Aero International
Four. Read about them below
then plan to build this superlative
set at once!

THEradio new
Aero "International Four" Receiver marks a distinct milestone in
progress.
For the first time, radio frequency amplification on short waves has become a
possibility. Sensitivity has been increased, control has been made far easier and receiver noises have been reduced considerably below their former level by development
in the design of this receiver.
Newly designed parts have been incorporated throughout. The tuning condenser has
no metal-on-metal bearing, so that the hissing noises formed by the variation in contact
has been eliminated. New coils of a smaller diameter, having a much smaller external
field, a better shape factor and improved efficiency are employed. The foundation
unit with holes drilled for mounting every part, simplifies the construction ot the set,
and assures proper placement of the parts. The isolation of the antenna from the
tuned stage means that swinging of the antenna will have no effect on tuning and
variations in antenna lengths have little effect on the operation of the set.
The Aero "International Four" is to our knowledge the first short wave receiver of
any kind designed peculiarly for reception of musical broadcast rather than code reception, and as such fills its place far better than the best of all-purpose outfits, although due to its ease of control and great sensitivity, it is superior to most all perfect
short wave sets in any field.

The Greatest Money Value
in Matched Instruments
Electrical units of measurement are not subject to change. But electrical quantities can,
and do, vary widely when measured with unreliable instruments.
Why gamble with inferior products when
Weston instruments insure life-time accuracy
at a very moderate cost?
Moreover, the use of bargain instruments
sooner or later results in ruined equipment
and big repair bills.
Think before you buy, and then buy dependability. Write for Circular J on Weston Radio Instruments.
Weston Electrical Instrument Corp.
604 Frelinghuysen Ave., Newark, N. J.

WESTON
RADIO

Uses The Aero Coil L. W. T. 10 Kit
The new kit of coils illustrated above is the L. W. T. 10, price #10.50. This kit is
designed to go with special drilled and engraved foundation unit, in which mounting
base is provided in drilled sub-panel. If you desire to furnish your own foundation
unit, order the L.W.T. 11 Kit, price #11.50. This kit includes mounting base.
The New Aero L. W. T. 12 Coils
This is the new Aero L. W. T. 12 kit.
Consists of 3 new small diameter Aero
Interchangeable Coils and base mounting
with primary coil. A pronounced improvement, even superior to our last season's coils. You should own this kit if
you're interested in securing the best in Code No. L. W. T. 12— Price $12.50
short wave reception performance.
All Parts Can Be Purchased Direct
We have made arrangements to supply a complete kit of all parts of the Aero International Four direct from our factory. Write us today for descriptive literature, list
of
parts,
and specialinformation
price list. atYou'll
Send for complete
once! want to build and own this dandy receiver.
AERO
Dept. 109

PRODUCTS,
1772 Wilson Ave.

Inc.
Chicago,
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MANY favorable comments have been received about the
list of stations throughout the world transmitting below
ioo meters which occupied three pages of our May. 1928, issue.
Although this list was very carefully checked for accuracy
against the best lists of stations we could find, some errors
undoubtedly crept in. Some of our readers have been kind
enough to send us information which should be included when
the list is published again in Radio Broadcast. In the course of
the next four or five months we shall reprint the list, completely revised. We urge our readers to help us by sending in
any corrections which should be included at that time.
IN THIS issue we begin a new feature, "Radio Broadcast's
Home Study Sheets" prepared by Keith Henney, director
of the Laboratory. Back in September, 1925, Mr. Henney's
first article,
Fields
for the Home
undertook to lead "New
the radio
experimenter
who Experimenter"
had tired of merely
building radio sets and who desired to learn more about what
makes
wheelshavego been
'round.published
Since that
of a
similar the
nature
in time,
these many
pages.articles
With this
issue
begin
the "Home
Studycan Sheets,"
are arranged
so thatwe the
interested
readers
remove which
them with
a razor
blade and keep a complete file. The Sheets to follow will contain
a great deal of practical information in what we believe is the
mosttheuseful
form. WeIt shall
be gladoftoRadio
have our
readers' opinions
on
innovation.
is a policy
Broadcast
to print
as much useful information as possible with due thought to the
form in which it is presented. The "Lab Sheets" — the 208th
appears in this issue — were the first in this series. Next follow
the "Service Data Sheets on Manfactured Receivers" and we
have now
addedvaluable,
the "Home
Study Sheets." Still other services, similarly
are in prospect.
UNLESS we are greatly mistaken, several of the articles in
this issue are going to excite a great deal of interest. The
leading article by R. P. Clarkson, "What Hope for Real Television7" attempts to explain television systems in general and
to point out what now seems to be the only possibility of success.
OUR August issue will contain, among other things, a
of the d.c.
operated
"Lab" bycircuit,
timely description
article on television,
a really
fine article
David another
Grimes
on phonograph pick-up units, a constructional and operation
article on the Cooley Rayfoto system, first introduced to our
readers in our September, 1927, issue, a story on a new shortwave receiver, and the first article of a series by Robert S. Kruse.
Mr. Kruse for a number of years was technical editor of QST.
His first article deals with the mystery of 5-meter work and
will be of especial interest to all our amateur friends who read
Radio Broadcast. All the regular features will appear in our
August issue as well.
AS THIS issue goes to press, a correction has been noted
in the list of parts (p. 142) for the article "A Good
Amplifier-Power
for theat 250
Tube"instead
The Dongan
denser Unit, Ci,Unit
is listed
$16.50,
of $23.00,Con-as
printed in the list.
— Willis Kingsley Wing.
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For LOW- WAVE

RECEPTION

20, 40 and 80 Meter
Set of Three Coils and Plug-In Base. .$10.00 complete
Plug-In Coils
2.50 each
Base Only
3-00 "
Special Plug-In Coils for higher wave-lengths.
Write for interesting loia-'wcve folder

- Wound

COILS

LOW-WAVE
INDUCTOR COILS

ForlowWave

»|/|

Screen-Grid
Circuits

I ||
!■

20, 40 and 80 Meter
Set of Three Coils and Plug-In
Base
$6.00 complete
20 and 40 Meter Coils. . .$1.50 each
80 Meter Coils
2.00 "
BaseSpecial
Only
Plug-In
Coils for 1.00
higher "
wave-lengths.

imazing results now obtained by experimenters with
low-wave reception provide real thrills for the radio
fan. The new Hammarlund Plug-In Coils insure
the utmost efficiency in low-wave work.
Secondary and tickler are space-wound on a film of
high-test dielectric material. Losses are low. Results are exceptional. A set of three coils with plugin base ( base includes variable primary coil with
flexible phosphor-bronze connections) covers the 20,
40 and 80 meter bands, with a range from 15 to
107 meters. Special coils available for higher waves.
Hammarlund Low- Wave Inductors for R.F. stages,
using either standard or screen-grid valves, are now
also provided with plug-in base for convenient
change to any wave-length from 15 to 107 meters.
They are constructed like the coils described above,
without tickler or variable primary.
The remarkable efficiency of the new screen-grid
valves is further increased when used with Hammarlund No. 222 Coils, specially designed for screengrid circuits covering the broadcast range. A feature of both the antenna coupler and R. F. transformer is the four-tap primary, which allows the
greatest amount of coupling consistent with selectivity required. Only two inches in diameter, they
may be mounted vertically within shields or other
small space. The antenna coupler may be used also
for other standard circuits, where great latitude of
primary coupling is desired.
If your dealer can't suppiy you,
write direct to us.
Ask for special folders.
Hammarlund Manufacturing Company
424-438 W. 33rd Street, New York

No. 222
COILS
For Screen - Grid
Circuits
Antenna Coupler and R. F. Transformer, each
with four taps on the primary coil. Two
sizes, for use with .00035 and .0005 Condensers $2.50 each
3ox, BfiUcA, Radio'
ammarlund
P P. £ C / S I O N
PRODUCTS

A Giant British Radio-Eq, ipped Passenger Airplane
THIS is a close-up of one of the giant DeHavilland 66
Hercules multiple-engined airships, fitted with three
Bristol Jupiter 450-horsepower engines, built for the British
Imperial Airways for the new passenger air route between
England and India via Egypt, Palestine, Mesopotamia, and
Persia. The radio cabin is the most spacious yet fitted in any
airship and contains the best apparatus now available.

Under the new international aerial regulations, a radio operator and mechanic is carried to attend to the apparatus and
operate it. Previously the radio equipment was carried in
the cockpit and operated by the pilot. The power of the
transmitter is 150 watts. The set is slung on elastic bands
to reduce vibration; the wind-driven generator, minus its
propellor, is visible just under the top wing

BEFORE THE BAIRD "TELEVISOR"
In spite of the miles of type expended on television, it is not yet possible by any \nown
system to receive images which have much detail. All the systems \nown are generally
similar. Although it is possible for experimenters to construct simple receivers to pic\ up
television signals, "when, as, and if" transmitted, the results are difficult to achieve. The
illustration shows Mrs. Howe,
be the byfirst
whose features were "televised"
across said
the toAtlantic
the woman
Baird system

THE promise of television is that we may
see events as they occur, no matter where
we are, provided we have a television receiver and provided, also, that a televisor operator is present at the event. Televising is the
broadcasting of images, the annihilation of distance for the eye as aural radio has done for the
ear. In place of the microphone we want to use
the camera lens together with some device that
translates light reflected from the object, into
electric current impulses which speed to our
receiver where those impulses are translated back
into light and are projected on a screen
This is the promise. It seems so simple. Yet
long before regular broadcasting of programs
commenced, we were as far ahead in method as
we are now. It violates no confidence to say that
only within the last month one of the most prominent workers has abandoned the problem in
favor of research on the facsimile transmission
of telegrams. Another. C. Francis Jenkins, writes
that it is a stubborn problem but the solution
seems to be right around the corner. In England,
Sir Oliver Lodge raises a note of warning against
the public expecting success, stating that other
scientists are in accord with him. Theodor

Author of "The'Hysterical
'i Background of Radio"
ll
*
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EIGHTEEN LINES TO THE INCH
This drawing shows what slight modula125 the features.
ation is required to portray
The image received in some television
outfits is no larger than the actual size
of the cut above. The reader may imagine the detail- of the received picture
where the image of an entire head, for
example, must be included in this space

Nakken, whose researches have made the photoelectric tube available for this work, states flatly
that the thing is impossible with the methods
now being tried, except at enormous costs. With
this weight of authority against success, let us
look for a moment at the problem.
The eye is a camera, but a very defective one.
It retains an impression for a definite period,
normally about one-tenth of a second, and because of this, moving pictures are possible. On
the other hand, an impression must affect the
eye for a certain definite minimum of time, deupon the
intensity ofatlight,
or it makes
won't
register inpendingthe
consciousness
all. This
possible the magician's tricks in dim light, and
makes almost impossible the achievement of
television.
To see any image dot by dot, the first essential
is that the eye must see each dot for a period
long enough to awake the consciousness, and yet
it must see the last dot of the image before the
impress:on of the first dot is lost. To put this in
figures means that the last dot must be shown
within a tenth of a second after the first dot, and
yet each dot must appear for at least the fivehundred-thousandth part of a second, strongly
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baird's first "televisor"
This crude but workable apparatus, undoubtedly the result of much labor on the part of Baird, who,
like most inventors dependent upon their own resources, had very little money with which to carry
on his experiments, gives an idea of how simple is the essential apparatus required for the production
of television signals. The various disks function to break up the object to be transmitted into many
tiny dots so that the light finally reaching the photoelectric cell is broken up into many consecutive
impulses each of which corresponds in intensity to one particular spot of the subject. This original
model has been placed on view at the Science Museum, at South Kensington, London
illuminated. These two figures determine the size
and quality of the possible image. They indicate
50,000 dots to the picture as substantially the
possible maximum and strong artificial illumination as essential at the receiver, unless some way
is found to maintain the illumination of the dots
beyond the period of their stimulus.
Transmitting an image and transmitting a
musical composition are accomplished in the
same way. The music is sent note by note in
ordered sequence. We enjoy it as it is produced.
A picture is similarly subdivided into dots of
light and shade and these dots sent in any sequence, but they must all be received and placed
in proper relationship before there is any picture.
There is nothing to see until the transmission is
ended. In telephotography, time is no bar to

transmission because each dot is permanently
recorded as received, and when transmission is
ended we have a complete record. In television,
each image is fleeting. There is no record. It is
all over in a tenth of a second and the next image
is on the way. Time is of the essence of television.
It is largely the problem of time that makes successful telephotography meaningless with respect
to television. A small picture sent in five minutes
is commercially perfect but to send 3000 pictures
of the other
same
story. size in the same length of time is anREQUIREMENTS OF A GOOD PICTURE
NEGLECTING color and form, for the moment, all pictures and images differ from
each other only in the distribution of light and
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shade. The range of light intensities is of the
order of one to thirty, as we go from deepest
shadow to brightest light. But all these intensities
are not usually sharply defined. They may shade
into each other abruptly, hov/ever, as in the case
of a church steeple standing out against a white
cloud. Draw an imaginary line across the steeple
and follow in your mind the changing light and
shade along that line. From the white of the
cloud you may change suddenly to a very dark
edge of the steeple, and then come a continual
series of changes through all shades as the detail
of the steeple is recorded. Across a peaceful landscape even greater variations may be found as
you follow a straight line through clouds, trees,
leaves and grasses, flowers, dirt, stones, pebbles,
and whatnot. These changes in light and shade
are the "modulation" of the picture.
Long experience with half-tones has shown
that to produce a really good picture, provision
must be made to reproduce 130 to 150 changes
in light and shade to each lineal inch. This same
modulation may be required up and down a vertical line as well as sideways along the horizontal.
In other words, the modulation figure for a
square inch may be of the orderof 20,000 changes.
If the figure is made up of dots, 20,000 of them
have to be printed to give the detail of a fine
half-tone. On cheap news print, where the surface itself is rough, as low as 2500 dots per square
inch are used in the poorest of newspaper reproductions. Most of the New York papers use
3969 dots per square inch, while this magazine
and other popular ones on good paper uniformly
use 14,400 dots to the square inch. Even with
the highest of all these figures, however, details
of cloud effects cannot be reproduced and the
beautiful lights and shadows of woodcuts are
impossible.
In our television screen image let us aim no
higherthan thedetail of anews print photograph.
For each square inch of the picture there must be
2500 dots transmitted. For an image one foot
square, which wouldn't give much of a view of a
spectacle such as a ball game, there would be
360,000 dots. The last dot must arrive within a
tenth of a second after the first dot, so the rate
of transmission over a single waveband would be
3,600,000 dots or impulses per second. Each dot
would exist only that small fraction of a second

/Television signals from
'<.Radio Receiver,

BAIRD'S TELEVISION RECEIVER
This shows the arrangement of the revolving disc, neon tube and translucent screen used in one model of the Baird television receiver. The
light from the neon tube, varying in accordance with the picture signals,
passes through the lenses in the revolving disc (which must rotate in
synchrony with the transmitting apparatus) which focus the light on the
screen; the image is viewed from the opposite side of the screen. The
general system used here is very similar to that used by Dr. E. F. W.
Alexanderson of the General Electric Company in his recent demonstration at Schenectady. The only difference was that the lenses in the disc
and the screen were dispensed with and the observer saw the image by
looking at the neon tube directly through the revolving disc. The received
image is red in color — a characteristic of all television reception using
neon tubes, with their characteristic red glow

THEresultBAIRD
"TELEVISOR"
This transmitter, the
of experiments
by J. L. Baird, makes use of
infra-red rays, invisible to the human eye, but capable of affecting the
photoelectric cell which converts the varying light signals into corresponding electric impulses. The infra-red rays, reflected from the subject
transmitted, pass through the cellular structure which breaks up the
light into many small sections or dots. The light then passes through the
two revolving discs which rotate in such a manner as to expose to the
light-sensitive cell at any moment only one of the light beams from the
cellular structure. The resulting electric impulses are then caused to
modulate the radio transmitter. The use of infra-red rays is not essential
to the operation of this camera. Electrically, the system will function
satisfactorily with any type of rays to which the photoelectric cell will
respond. The amount of illumination required is quite intense, however,
and, if ordinary lights were
not be able to endure the
intenseused,
glareonefor would
very long
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and would obviously never register on the eye
unless it happened to be repeated in successive
pictures, and possibly not then. It would be so
repeated, of course, unless motion had ensued in
the intervening tenth of a second If there had
been motion that part of the picture would be
blank. This is the first difference we find between
motion pictures and television. In the movies we
see a blow start and see the arrival of the fist.
We imagine the rest of it just as we see the successive positions of a speeding automobile and
imagine the continuity. Only by speeding up the
camera to get intervening snaps and presenting
them in slow motion do we get detail. Each complete picture flashes at once. In television, because of subdivision into dots, only one dot is
shown at a time and the mind will not retain
this short flash during the remainder of the picture. We must make the screen retain the dot
for us.
A second distinction comes from the fact that
we cannot enlarge the picture received in television with any increased detail in the result.
We have chosen the minimum number of dots
per square inch to give a passable image. If this
is enlarged by a projecting lens, we simply sepa-

Anode' Cathode
'-Wire to Grid of
Transmitting Amplifier
CAMERA
CATHODE RAY OSCILLOGRAPH
THE SWINTON-CLARKSON TELEVISION
CAMERA
In "this
devicein the
or object
to belens
televised
is
located
frontperson
of the
lens, the
functioning to focus the reflected light from the object onto the plate. A stream of electrons from
the cathode is attracted to the positively
charged anode and a great many of the electrons
pass through the hole in the anode plate and
reach a group of photoelectric cells. In passing
through the space between the hole in the anode
and the plate the electrons come under the
influence of the two coils A and B; coil A causing
the stream to be deflected up and down the
plate and coil B causing the stream to move
back and forth across the cells. The image on
the plate is scanned in this manner
rate the dots. If we magnify the size ten times
we'll have only 250 dots per square inch and only
at a distance will this give the effect of a photograph. We haven't even the value of a printed
half-tone where the dots are of varying size and
shape as well as shade. Our dots are uniform except in shade. This may be overcome by the
screen in the device described later.
Now, getting back to the 3,600,000 impulses
per second. This is equivalent to the modulation
frequency in aural radio. The minimum frequency of the carrier would be about ten times
that, or a frequency of 36,000 kilocycles, approximately eight meters. A larger picture or a better
picture would drive us down to still shorter
waves.
A FOUR-INCH SQUARE IMAGE
CUPPOSE, instead of a foot square, we make
^ the image four inches square. Even this
would mean 40,000 dots for each picture or
400,000 impulses per second. Our carrier maximum would be 75 meters. Even suppressing one
side band, the 400,000 modulation frequency
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calls for a receiver to
amplify evenly over a
band of 400 kilocycles
or as much as 40 of our
present broadcast channels. This is for a tiny
picture of poor quality
and minimum speed. For
any fast event, for a
larger picture, or for
even newspaper quality,
what a complex receiver
must be devised! One
such station would blanket the entire broadcast
spectrum.
Go down in size and
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48 times each second, arm energizes
50 segments across one row,2500
segments
times pereachsecond
second
gives 45,000excited
light 18images

50 convolutions of
Neon Gas filled Tube
Potential sufficient to
Incoming " Image" signals
cause Neon Gas to glow
from Photo-Electric cells
at sender
THE BELL TELEPHONE LABORATORIES
TELEVISION RECEIVER
A large neon tube forms the basis of this television receiver. On the back
side of the tube 2500 segments of tin foil are cemented, connecting by
means of individual wires to 2500 segments on the commutator, which
revolves in synchrony with the apparatus at the transmitter. The incoming signals, modulated in accordance with the shading of the subject being
transmitted, are amplified and cause segments of the neon tube to glow
with a brilliancy dependent upon the shading of the subject being
transmitted

quality, if you will. A
three-inch square picture with25 modulations
to the lineal inch or 625
dots to the square inch,
means only 56,250 impulses per second. The
carrier could be as high
as 535 meters but our
tuning and amplification would be over five
channels 10,000 cycles wide. To get within the
legal separation of stations we can use a modulation of only 5000 impulses per second which, for
a barely recognizable image, would give us only
one square inch, remembering that we must send
10 pictures a second.
What, then, is Baird in England doing, for
example? Obviously the only thing he can do
and basically the only thing that has ever been
done in television. That is, to select as the object
to be televised, something that has few gradations of light and shade and extremely slow
movement. This is the human face. It is a familiar object, almost entirely white space with the
shadows around eyes and nose very ill defined
and their outline of no particular importance in
recognition. The cartoonists have taught us that
we need nodetail of afaceto recognizethe person.
There is always some outstanding characteristic
that suffices. Slight blurring would rather soften
the result instead of spoiling it.
Television is not achieved merely because seeing faces at a distance has been and will be accomplished. Itwas in recognition of this fact that
the English publication Popular Wireless unsuccessfully sought to induce Baird to televise
a simple cube in slow motion to win the sum of
$5000 that magazine offered. That Baird ignored
the challenge must merely mean that he, too,
recognizes the limitations of his apparatus.
There are other problems besides that of time
in its relation to the defects of vision. There is
the question of synchronizing the mechanically
moving parts of transmitter and receiver. When
things happen in the hundred-thousandth part
of a second, there is need for absolute accord on
both ends of the line. If the same power line is
available at both ends, synchronous motors may
be kept in step, but this exists only in few localities and over short distances. Synchronizing by
this means it is not a real solution of the problem.
THE REAL DIFFICULTY
A S THIS brief review indicates, the real drawback is the fact that the picture must be
subdivided and sent as a sequence of impulses.
We would face similar difficulties with sound
broadcasting if, for example, we had to send the
whole of an opera selection as one blare of noise
in a tenth of a second. It could be done, of course,
by securing a sufficient number of musicians so
that each need sound but one note. Then, at a
given signal, every musician in this enormous

orchestra would sound his note and go home. We
would receive the opera selection but it would
hardly be worth while. Yet this is exactly what
the eye demands in television.
One thought has been to divide the object into
units. That is, in terms of pictures, not to send
the whole picture over one carrier but, in effect,
send, say, 144 pictures, each an inch square, and
at the receiver these would make up into a single
image one foot square. This was one of the first
ideas suggested as long ago as 1880. Carried to
its extreme, perfect results would be achieved
but, within the limits of costs and apparatus, we
merely multiply our troubles. Sixteen pictures
3 inches square might be managed if we could
send anything but a crude 3-inch-square picture.
It would be at 16 times the cost and 16 transmit ers as well as 16 receivers would be needed
and all would have to be synchronized. Along
similar lines was Doctor Alexanderson's bundle
Coilf A= 10
:with fixed opening
Perforated
Stop Plate
Plate
Deflecting

Wiretrom
Screen
Florescent
Receiver
Amplifier. CAMPBELL SWINTON TELEVISION
PROJECTOR
This television projector, sometimes called a
television receiver, uses an arrangement similar
to that incorporated in the Campbell Swinton
camera suggested in 1908. The electron stream
from the cathode is caused to scan the fluorescent
screen due to the action of the coils A and B,
their intensity being varied by means of the two
deflecting plates. Potential from the receiver amplifier isimpressed on the deflecting plates and
causes the number of electrons passing through
the opening in the stop plate to vary in accordance with the image signals from the transmitter.
The screen at the left of the camera becomes
fluorescent under the action of the electron stream
and the image then becomes visible to any one
standing in front of the screen
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In the Swinton method there
the two rays are merely tracing curves of great
is no mechanically moving part. amplitude and rather low frequency.
In this method the object itself is not explored
The object is illuminated
but its projected image is automatically substrongly and we have a "televisdivided by the composite plate of the camera,
ion camera," let us say, which
which has no electrical connections. Only one
projects the image to be transmitted, not on a film, but on a carrier wave is required but we still have the
composite plate made of tiny broad band of frequencies to detect and amplify
at the receiver. No mechanically moving parts
cubes of photoelectric material
insulated from each other. The
are used. A telephoto lens, a wide angle lens or
any usual camera arrangement may be used at
camera is gas tight and filled with
sodium vapor, which conducts
will. Synchronizing presents no difficulties and
the method is as adaptable to wire as to radio.
negative electrons more readily
But as yet it has not been found practical, the
under
the
influence
of
light.
BePand Fare the
main reason being that the use of photoelectric
tween the projecting lens and
elements of a special
the composite plate, in the material in the composite plate means that electwo-electrode
Vacuum Tube
trons will be given off continually as long as light
vapor chamber, is a gauze wire
screen. The charge on this gauze
falls on the plate, and in mass when the image
shifts.
screen modulates the transmitIn the writer's proposed modification of the
ting tube.
Swinton device, the material of the composite
In effect, the gauze screen
is connected by radio to a plate plate is non-photoelectric but conductive. The
THE CLARKSON TELEVISION PROJECTOR
writer uses a closed electric circuit of which the
in the receiver projection appaThis projector
use of
three-electrode
tube, thethefilament
grid of
ratus. A beam of cathode rays is exploring electron beam is a part, the conductive
which
functions makes
to control
the a electron
stream from
cube is a part when the beam strikes it, and the
directed past this plate towards
F. The electrons passing through the opening in the plate P are
a sensitive fluorescent screen.
ionized path in the vapor is the varying part of
caused to scan the screen due to the action of the two coils A
the circuit. An amplifying tube is readily coupled
Only when the rays are slightly
and B A phosphorescent screen (rather than a fluorescent screen)
is used so that the screen will continue to glow for an interval
bent by the repulsion of the plate to this circuit.
after the impulse stimulus is removed. This results in considerIn the projector proposed by the writer, he
can they pass through a fixed
able improvement for it reduces the amount of light required
opening and actually be directed
suggests the use of a three-electrode vacuum
and also permits the use of a greater number of impulses so that
to the fluorescent screen to cause
tube, using a heavily biased grid, the incoming
greater detail may be obtained
a luminous spot.
signal modulating that grid, as usual, and perAt the transmitting end there
mitting the flow of an electron beam. The observing screen must be phosphorescent, instead
of seven light rays analyzing the object, instead
is also a cathode-ray beam continually searching
of one, and Doctor Ives' experiment with sub- the composite plate of the camera but on the of fluorescent. That is, it must glow for a time
back side from where the image illuminates it. after the impulse strikes it.
divided photoelectric cell and screen.
The Englishman, A. A. Campbell Swinton, in As this stream strikes each little photoelectric
If any method within our knowledge has possibilities, this is it. If it fails, television will await
a letter to Nature, June 18, 1908, and more in de- cube, it charges it negatively but the charge is
tail in his Presidential Address to the Rontgen
dissipated unless that cube is illuminated on the the genius who conceives some new way of breakSociety, November 7, 191 1, set forth the genesis front by light from the object. In the latter case,
ing up an image. There is no other hope.
of an idea along these lines but one never given
the charge of the cube will
publicity and never tried out. I have taken the pass away through the ionized
liberty of modifying this idea and present it vapor along the illuminating
beam of light until it reaches
herewith as a last desperate hope.
the gauze screen, whereupon
IS THIS THE WAY OUT?
that charge becomes an imIN ALL other television devices before the pubpulse carried over to the receiver projection apparatus
' lie at present the method of telephotography
is being used, speeded up to the tenth-second
where it charges the deflectrequirement. At the transmitter is a photoelectric
ing plate which bends the
cell. A beam of light explores the object to be synchronized cathode ray so
"televised" and is reflected to the cell. This cell that a luminous spot is formed
modulates the carrier wave, just as though it on the fluorescent screen.
Each received impulse must
were a microphone. Varying light actuates it
just as varying sound actuates the microphone.
correspond in position to the
P,G and F are the elements
of a special Vacuum Tube
At the receiver, in place of the loud speaker, is a illuminated cube of the comglow lamp — usually a neon tube in one form or
posite plate, requiring the synchronizing ofthe two cathode
another — which changes its brilliancy in step
ray
beams.
This may be done
with the received impulses from the photoelectric cell. The light from this lamp is made to at each end separately through
the same construction as the
explore a screen in synchronism with the beam
THE CLARKSON TELEVISION CAMERA
at the transmitter. The usual method of swinging
cathode ray oscillograph, the
In this arrangement a closed electric circuit exists from the source
the beams of light up and down and over the beam being moved by the magof electrons F through the beam of electrons, which act as a
netic field of two coils at right
object and screen, is a mechanically revolving
flexible conductor, to any conductive member of the nondisc perforated spirally with holes, a device pa- angles to each other and havphotoelectric composite plate, through the plate to the wire
tented by Nipkow in 1884, this inventor being
ing widely differing frequencies
gauze screen, along the screen to the coupling resistance and
the first to see the advantage of breaking up a as 10 and 1000 cycles or 10 and
back to the filament circuit. The object to be televised stands
in front of the lens at the left
picture into lines.
10,000 cycles. Substantially
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Aviation

Must

THE question of wireless received serious
consideration," wrote Commandant James
C. Fitzmaurice in the New York Times,
after the first westward airplane flight across
the Atlantic, "but it was decided that an efficient and useful wireless set would weigh apy1 pounds. It was decided that
proximatel80
this weight of benzol would be better. This was
the one weak point in the organization of the
flight, as we now realize that had we had a wireless set on board, upon our estimated arrival in
the neighborhood of Newfoundland, we could
have been given almost our exact position by
the direction-finding stations along the coast
and informed of the precise direction and velocity of the wind over the area, and we would have
made New York easily and accomplished our
objective. We consider wireless absolutely necesngs the
for all could
future have
undertaki
of this
nature."
If sary
radio
enabled
German
fliers
to reach their goal, it may be argued with equal
force that Nungesser, Coli, Hinchcliffe, Hamilton, St. Roman, and the other transatlantic
fliers might well have made safe landings, guided
through the hazardous Newfoundland region
by compass bearings from Cape Race, Belle Isle,
and Chebucto Head. Had the Bremen been
properly equipped with radio, she would have
landed in an airport and Floyd Bennett's tragic
flight to aid the German aviators would have
been unnecessary. Last year, the Bremen started
a westward flight across the Atlantic but,
warned by radio of unfavorable weather, returned to safety. Byrd's transatlantic flight was
successful largely because of radio beacon signals although he did not make the most of his
installation. Those who attempt long-distance
flights without the aid that radio can give them,
heroes or not, are both unscientific and foolhardy. The fact that some succeed in their
undertaking without radio is no justification for
recklessness.
Only when transatlantic and international
flights become common and scheduled occurrences will long-distance flying take its place
among the useful arts of human society. Like
radio, aviation must become a regular service
which is expected to function satisfactorily and
without failure.
The scientific development of aeronautics has
already advanced to the point where we have
aircraft and aircraft motors which are entirely
serviceable and reliable. Ships can be built to
meet almost any reasonable requirement. Motors are still uneconomically shortlived, but
their limitations are so well known that an
ample factor of safety for any reasonable flight
can be provided.
The principal obstacles to everyday use of
aviation are safety and cost. When the problem
of safety is solved, the public will so quickly
accept the airplane as a means of rapid travel
that the cost of flights will fall to a point justified by the time which they save. Public confidence, based on reliable service, rather than
spectacular feats, is the greatest need of aviation.
The development of radio communication as
an integral part of our commercial flying struc-
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ture is the most important and the most neglected step to promoting safety in aviation. Its
general adoption is not so much a matter of
developing new equipment as one of convincing
the aircraft industry of the value of radio.
Radio serves the aeronaut in several distinct
capacities. At all important landing fields, radio
stations are required for the exchange of weather
reports, to report the leaving and arrival of
ships, to issue orders to aircraft in flight and to
disseminate periodic weather reports. With a
properly coordinated system of collecting and
distributing weather information, storm warnings can be issued in ample time to assure the
comfort of passengers and the safety of cargo.
At least 500 low-power transmitting stations for
this purpose will ultimately be required, as well
as a few high-power transmitters to broadcast
information to these landing field stations.
Another important function of radio is to
mark out the highways of the air and to keep the
aviator on his course. The aircraft direction
beacon, which radiates two directional signals at
forty-five degrees from the prescribed course,
has demonstrated its usefulness. The radiated
signals consist of mechanically sent dots and
dashes, so timed that, when a flier is exactly on
his course, the combined signal received from
both directional stations equally forms a single
series of dashes. But should the pilot deviate
from his course, the signal from one of the directional antennas predominates and produces a

ABOARD A PRIVATE MOTOR YACHT
129 owned by A. K.
The motor yacht Crusader,
Macomber of California is one of the most elaborately fitted yachts afloat, from the radio
point of view. The ship has elaborate broadcast
receiving equipment with loud speaker outlets
in nearly every cabin. The illustration shows the
0.5-kw. voice transmitter aboard the Crusader

USttD
of

ESESISZ

Radio

distinctive signal, enabling him to determine
whether the plane is to the right or to the left
of the prescribed course. At a distance of more
than fifty miles, short-wave beacons become
erratic in their behavior and directional readings
unreliable. Therefore aircraft direction beacons
should be placed in operation each one hundred
miles along the principal highways of the air.
A third service is the aircraft beacon or radio
lighthouse which gives a distinctive signal to a
ship in flight when it is within a definite distance
of a given marker point. In foggy and heavy
weather, the radio beacon enables the flier to
come sufficiently close to the landing field that
its neon light beacon can guide him to a safe
landing. Literally thousands of these low-power
marker beacons are required to serve as the sign
posts on the highways of the air.
Recently, the Department of Commerce
awarded a contract covering radio equipment
for twelve radio-controlled stations, six radio
beacons and twelve markers, at a total cost of
slightly more than $150,000. The Assistant
Secretary of Commerce for Aeronautics, William
P. MacCracken, stated:
"Radio telephone communication to the airplane isexpected materially to decrease accidents and provide for stability of schedules
with greater comfort to air travelers and may
be considered the greatest need of air transportationofto-day."research in the radio industry
The leaders
have by no means neglected the requirements of
aviation. The General Electric Company and
the Westinghouse Company have developed
standard models of directional signal transmitters and beacon equipment. The American
Telephone & Telegraph Company has recently
added an airplane to its experimental equipment
at Whippany in order to perfect various types of
aircraft radio-communication apparatus. Receivers which give visual indication of direction
have been developed.
The principal obstacle to the use of radio on
aircraft arises out of the fact that radio is considered bythe greater number of pilots only as
an additional burden and nuisance. The airmen's
opposition is singularly reminiscent of the ridicule which sea captains accorded radio when
the first installations were being made on passenger ships. It required more than a decade of
education to make the sailor welcome the radio
operator. The aircraft pilot remembers radio as a
necessary evil to his course in military flying.
He complains of the radio helmet which he must
wear, because it prevents him from hearing the
functioning of his motors. His ear must be ever
alert to observe the slightest irregularity in their
functioning.
But newly developed forms of radio equipment are day by day lessening the attention required on the part of the pilot to operate the
radio equipment. A recent innovation, for example, isthe installation of microphones in the
fire wall at the aircraft's motors so that the
pilot, wearing a radio helmet, can, by the flip
of a switch, choose between the radio signal or
the microphone's output. The latter gives him
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athanbetter
the motor's functioning
any indication
direct auralofobservation.
The highways of the air will become routes of
commerce and travel with the establishment of
low-power beacons, close together on the line of
flight, directional beacons, and an aircraft communication network. Adequate radio sign posts
of the air will do more to help the development
of commercial aviation than foolhardy transatlantic publicity stunts, performed in the
name of science, often by pilots who prefer to
fly without scientific equipment.
No Innovations or Revolutions for
IQ28
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vision research engineer and inventor, David
Sarnoff, Vice-President of the Radio Corporation of America, and Percy W. Harris, British
technical writer.
Some of these statements follow:
F. B. Jewett (in the New York Times):
At the public demonstration which we made
on April 7, 1927, of the results then obtained,
Mr. Gifford, President of the American Telephone and Telegraph Company, stated,
among
other
the equipment things:
required"The
by theelaborateness
very nature of
of
the undertaking precludes any present possibility of television being available in homes
and
offices
Nothing
has
developed as generally."
a result of our
work inwhich
the past
year
has
tended
to
alter
this
opinion
of
Mr.
Gifford.
Dr. Michael I. Pupin: I do not know
when television will be practical for the
home. I do not know anything about the
latest improvements which have been developed bythose who are directly interested
in the development of this art. But as far as
I do know this art has a great many complications in its operation, and I do not see
clearly how these complications can be
eliminated so as to make television fool-proof
in operation and thus make it practical for
the home.
Dr. J. H. Dellinger: There is no doubt
that the development of television will go
forward and that eventually television will
be commercially used. It seems likely, however, that it will continue to be an expensive
process, requiring complicated apparatus and
careful synchronization and adjustment of
high-frequency electric currents.
Dr. Lee DeForest; Until some radically
new discovery in physics is made which will
simplify the present problems of television,
we cannot expect to find this in the home in a
practical, commercial form and at a price
which even the wealthy can afford. There
are so many factors to be considered besides
the mere physical and electrical problems. . . .
1 am willing to go on record to the effect
that practical, commercial, reasonably priced
television equipment for the home will not be
on the market within five years, and very
likely not within twenty-five years.
C. Francis Jenkins: Transmission by
wire or radio of a baseball game from the
ball field as the game progresses is unlikely
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to be attained short of three to five years
more of research.
David Sarnoff: At the present time an
entirely new era of radio communication —
radio television — is opening before us. We are
not now manufacturing television apparatus
for the home, because, frankly, we do not yet
know how to make a simplified and lowpriced television receiver practicable for
home use. Nevertheless. I firmly believe that
within the next few years such equipment
and service will be developed and made available to the home.
Percy W. Harris, in Popular Wireless
(London): In common with a large number
of other experimenters, I have closely
watched the progress of television both in
this country and abroad, and I have not the
slightest hesitation in stating that in my
humble opinion we have not even measurably
approached the time when the home constructor, as distinguished from the skilled
experimenter, can try his hand at the game.
The home constructor comes into his own
when the fundamental problems have been
solved and when the development of a
particular art is a constructional one and a
question of detail. The fundamental problems of genuine television have not been
solved either in this country or abroad, nor
can I see that they are likely to be along the
lines so far pursued.

THE June trade show in Chicago will be
under way by the time these lines appear
in print. Last year, the exhibit inaugurated
what the public accepted as a radically new type
of radio set with the effect of making the previous year's offerings quite obsolete. The hurrahs
with which the alternating-current receiver was
greeted upset the stability of the industry.
This year's improvements are much less radical and represent much more normal and
sounder progress. Appearance and simplicity of
control are becoming the outstanding factors bv
which the public selects its radio receivers.
Radio Broadcast has enthusiastically fosThe most interesting developments along these
tered and encouraged the development of equiplines are the new receivers shown by the Zenith
ment which will enable the amateur experimenCompany. Instead of turning a dial to select his
ter to familiarize himself with progress in the
station, the listener now presses a button. As
new art. We have been careful throughout, howa practical improvement, the advantage gained
ever, to point out that the new field is yet disis not startling, but the public, ever ready to
tinctly one of experiment, and that it is not yet
jump at novelties, will undoubtedly greet the
a regular service to the listener. Still picture renew receiver with an amazing show of interest.
ception is a fascinating field for the experiThere is a powerful undercurrent of talk
menter and gratifying results are obtainable
aroused by the announcements regarding telewith home-built apparatus, but the day has not
vision and picture transmission. Having had so
yet come when the general public may look formany experiences with premature announceward to a television attachment for his set.
ments of progress, the industry is not greeting
television talk with any great enthusiasm. It
fears the public will develop the attitude of mind
Broadcast Regulation at a Standstill
that it is worth while to defer purchasing a radio receiver so that they may have one in which
we
tment ngthatsituadistinctto disappoin
IS with
ITmake
the broadcasti
reference
a television receiver is incorporated. This detion, which we hoped might be favorably
velopment isnot definitely in prospect. No one
influenced by the Davis Amendment to the
has yet made a true television device in commercially marketable form nor have we
Radio Act, made law by the President's
heard of any television transmitter which
!o®*> signature on March 28. The amendment
might have been used by the Federal
can be used in the broadcast band.
Radio Commission as a means of greatly
Every one of the existing systems depends
Pr ogress in Television
upon the building up of an entirely new
reducing the number of broadcasting stations on the air. Everything pointed to
short-wave broadcasting structure to- /T IV AS announced by the General Electric Company on May
11
that
experimental
television
transmissions
would
be
made
when the Commission ancourse
that
gether with a new audience using shortnounced the details of a plan, submitted
wave receivers. Both the industry and the through wgy on Tuesday, Thursday, and Friday afternoons from
by a special committee of the Institute
public will be greatly benefited if the 1 : ]o to 2:00 p. m., Eastern daylight saving time on the usual wgy
television propagandists would give ade- wave-length, 379.5 meters (790 kc). The pictures consist of 24 of Radio Engineers, as a result of their
scanning lines, repeated 20 times a second. This transmission ts a exhaustive study of the capacity of the
quate demonstrations of the experimenbroadcast band. The plan recommended
part of the experiments in charge of Dr. E. F. W. Alexanderson
tal apparatus they plan to market.
which have been under way for the past several years. It is probable that the number of stations on the air
Our British contemporaries have found
simultaneously be reduced to three
it necessary to warn their public of the that some other transmissions, made by Nakken, Jenkins, Baud
hundred and forty.
danger of misleading announcements re- and others will be on the air within a reasonable length of time.
In
our
next
issue
we
expect
to
include
an
article
analysing
the
The National Association of Broadgarding television. We would welcome
casters, the Radio Manufacturers Associawith open arms the development of prac- present television systems — which are generally quite similar —
tion, and the Federated Trade Association
tical television, but would regret any telling frankly what results can be expected from each, and to include a general description of the apparatus necessary at the raised a loud howl when the Commission's
stagnation of radio at this time on account of its prospective development. In receiving end. As soon as there is assurance of sufficiently regular inclination to adopt this plan was indicated and, in deference to their prothe hope of contributing practical in- transmissions and that the apparatus for receiving television
tests, the Commission called a hearing
formation on the situation, we quote the signals is available. Radio Broadcast will describe its operation
statements on a few technical authorities
and assembly. A number of well-known experimenters are working
in Washington at which these three
which bear on the situation. — F. B. on this problem now, in cooperation with Radio Broadcast; as associations, togetherwiththeN. E. M. A.,
soon as results warrant, their work will be described in these pages.
Jewett, President, Bell Telephone Laboratheir views.
The leading article this month explains some of the difficulties of presented
The committee representing these three
tories, Dr. Michael I. Pupin, engineering
bodies offered a series of charts involving
authority and inventor of the loading coil, television and an editorial on this page points out some pertinent
Dr. J. H. Dellinger, Director of the Radio facts on the subject. The reader should not forget that any television an impressive amount of long division.
Laboratory of the Bureau of Standards,
system now delivers but crude pictures and that "perfection" is One set of charts worked out the power
allotment to each state, based on the
Dr. Lee DeForest, inventor of the three- not now in sight. — The Editor.
ratio of its population to the popuelement tube, C. Francis Jenkins, tele-
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to the contrary, chain programs can be successbroadcast on the Davis
same wavelength."
We
wish fully
Representative
were right, but
simply to call qualified engineers liars does not
solve the problem.
The Inequalities of "Equalisation"

INTERFERENCE PREVENTION IN CANADA
Part of the license revenues received from radio
listeners in Canada is used to make listening
more pleasant. The Radio Service has established
an interference-tracing and prevention service,
with specially equipped cars to locate the trouble. The illustration shows the portable superheterodyne set which is part of the equipment
of each of these cars
lation of its zone. The total zone powers computed were 137,000, 217,000, and 250,000 watts.
A second chart based equalization upon the
number of station licenses issued per zone. The
zone totals offered were 1 10 and 140 stations, or
550 and 700 stations for the United States. The
committee actually suggested increases in number of stations in most of the states of the
Union and only very slight decreases in , New
York and a reasonable decrease in the Chicago
area. It had no suggestion to offer as to how any
of these figures could be applied in practice.
When asked specific questions regarding the
application of its plan to the actual situation,
its proponents claimed they offered only a
method of procedure and that any basis of total
power or total number of stations might be
substituted. In short, the associations disclosed
how long division might be used in dividing
power, number of stations, or anything which
may come to mind, among the states in each
zone in proportion to each state's share of its
2one population. The nearest approach to a
concrete suggestion offered was the advice that
the Commission proceed cautiously and gradually in altering the present structure and postpone any real action as far in the future as
possible.
The Federal Radio Commission has so emphatically demonstrated its lack of courage and
understanding of the broadcasting problem that
encouragement to continue its vacillation and
its jellyfish policies is bound to be harmful.
The broadcasters may be excused for seeking
to protect their property interests, but the set
manufacturers displayed an amazing lack of
foresight, because receiving set sales certainly
are. curtailed by the listeners' widespread diswith congested
broadcasting
Thegustlistener,
as usual
inarticulate,conditions'.
has never,
and apparently will never, present his case before the Federal Radio Commission. Radio will
continue to be guided by such persons as Representative Davis, who believes that a power of
10,000 watts is the maximum that should be
permitted on a clear channel. Ten thousand
watts creates no less interference than 50,000
watts, yet such powers would make it impossible
for rural listeners to hear the better stations at
any great distance and would deprive large
metropolitan areas of their principal program
sources. "Furthermore," says Mr. Davis, "in
spite of the statement of interested engineers

tion
d equaliza
the so-calle
y escaped
ent ofwhich
has generall
amendmRE
A FEATU
attention is that equalization of power
by zones and state populations within zones
will deprive large areas of the country of adequate radio service or else force confusion on
other areas. Broadcast carriers of a given power
travel certain distances regardless of whether
the areas covered are highly populated or not
and regardless of the geographic dimensions of
the zones in which they are located. Under any
zation," states of
method of applying "equali
large area and small population must be deficient
in radio service while congestion is forced upon
states of large population. This is due to the
ridiculous manner in which the five zones were
prescribed by Congress, or rather to the error
using the zones as the basis for power allotof
ment.
The fifth zone is approximately 1 190 by 1 160
miles in dimension, while the first zone is but
700 by 570. The third zone has about the same
width north and south as the first, but it is three
times as long from east to west. Under the
equalization amendment, therefore, the South,
which Representative Davis claims to protect,
cannot legally have more than one third the
service in broadcasting allotted to the first zone.
The first zone, furthermore, is so intertwined
with the second that, if the same standards of
channel separation and powers which must be
adhered to in order to give any kind of service to
the listeners of those zones are applied to the
third and fifth zones, large areas in the latter
two zones must be without adequate broadcasting service.
If equalization is applied to Representative
Davis's own state of Tennessee which, according to the latest figures, now has 3.3 per cent,
of the nation's total broadcasting power, its
total must be reduced to 1.1 per cent., i.e., 33^
per cent, of its present power. The reduction is
likely to be still larger, however, because the
complaints of excess power in the more progressive zones will require lower total powers per
zone than the present average. Whatever the
amount of power assigned to each zone under
any equalization plan, according to the law, it
should be divided among states according to their
population. For example, California, with a
population of four and a half million, will have
41 per cent, of the power of the fifth zone, while
Texas, with a population of 5,487,000 will have
but 19 per cent, of the total power of the third
zone. Since both zones are required to have
equal power, California must have double the
radio service of Texas. The blatant Mr. Davis
has done a wonderful job of protecting the interests of the South!
The state of Massachusetts, with a population slightly less than that of California, will
have but little more than a third the power allotted to California. Porto Rico will have ten
times the power of Alaska. The entire New England states will have but three fourths of the
power assigned to Pennsylvania.
The suggestion is frequently made that channels be borrowed for congested areas. A free
channel, available to Arizona or Oregon, cannot
be loaned to New York or Pennsylvania, because
that channel is presumably already occupied
there. There is no surplus of cleared channels.
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Borrowing offers no substantial relief to mitigate the abuses of so-called equalization.
Hampered by the asinine equalization clause,
the Federal Radio Commission must adopt a
standard of power for each zone sufficiently high
so that the large areas of the West and South
can have reasonable service. This will require
hopeless congestion in the first and second
districts, and in the eastern part of the fourth
district, which are compact geographically and
have numerous large cities worthy of local service stations. The only effect of the law will be
that, rather than to destroy what is left of radio,
the Commission will disregard it and conditions
will be made neither worse nor better than they
are to-day. The hoped-for improvement of conditions, which the establishment of the Federal
Radio Commission was intended to accomplish,
has been made a practical impossibility through
the muddling of Congress and nearly every other
body involved in the problem.
Another Non-Radio Man
Commission

for the

the
t ofted such
on ble
ntmenhesita
an ntestima
to comme
HAVE
WE appoi
gentleman as Judge Ira E. Robinson
as a member of the Federal Radio Commission.
Later he was unanimously elected its Chairman. We weary of complaining of the Presiappointment to the Commission
men
totally dent's
unfamiliar with
the problem. ofJudge
Robinson is a delightful character and adds decidedly to the social grace of the Commission.
Years of legal training have vested him with
what might be termed as an excess of caution,
and the President may rest secure that, while
the Commission is under his leadership, nothing
but well-considered steps will be taken. The
Judge is totally unqualified from the radio
standpoint, having not the least understanding of service and heterodyne ranges, and broadcast congestion. He was confirmed by the

A TELEPHONED MOVIE FILM
Recently, the American Telephone & Telegraph
Company transmitted a motion picture film between New York and Chicago. The strips of film
were cut, three were placed side by side and these
transmitted by "telephoto"
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Senate, together with his confreres, Caldwell,
LaFount and Pickard, on March 31.
What the Commission most needs is one or
two commissioners who have some understanding of radio. Much time is lost in familiarizing
men unacquainted with the allocation problem
with its technical aspects, and each appointment hampers and delays the Commission's
progress. The wisdom of appointing experts in
their respective lines to regulatory bodies such
as the Federal Reserve Board and the Interstate
Commerce Commission has been recognized, but
radio's engineering problems have been turned
over largely to lawyers for solution.
The Commission Eliminates Its First
Station

FOR the first time since the Government has
controlled radio, the Federal Radio Commission has taken the decisive step of ordering astation off the air. The station in question is wnba of Forest Park, Illinois, one of
scores which has caused continuous complaints
about frequent wabbling. It would have been
fairer to apply this elimination process to all
stations equally guilty with wnba. But, being
warned by this instance, it is likely that many
of the radio mosquitoes will get busy and make
a belated effort to comply with the Commission's regulations and thereby another means of
station elimination, which does not involve
the
threat of court action of any serious consequences, islost to the muddled Commission.
The Engineers' Plan of Allocation
broadc
THE engine
bedastas allocabeing
beenofdescri
tion, whichers'has plan
too drastic, actually represents the least
possible hardship upon the broadcasting station owner. The plan provides for 10 stations
of 10,000 watts power or more on full time in
each zone, 9 of 500 watts on full time, 18 of
500 watts power on half time, 40 of 250 watts on
half time, 60 of 250 watts power on one third
time. This totals 137 stations for each zone, or
a grand total of 685 for the five zones.
The High-Frequency Spectrum
to the Federal Radio CommisTHE report
sion, relative to the assignment of shortwave channels, rendered by Commander
S. C. Hooper, who was assisted in its preparation
by Dr. J. H. Dellinger of the radio laboratory
of the Bureau of Standards, Dr. C. B. Jolliffe,
and W. E. Downing, suggests that, until further
progress in frequency stabilization is made, stations be assigned only to alternate channels
in the short-wave spectrum. By gradually increasing the stability required over a period
of years, it is hoped that room for additional stations will be found as they are required in commercial service.
On a basis of one tenth of one per cent, channel separation, the report states, there are 398
channels in the "mobile" bands. Of the 190
channels between 1500 and 4000 kilocycles, 89
are in use and 101 are available to all the countries of the world. The United States will lay
claim to ten of these channels.
In the band between 4000 and 23,000 kilocycles, the number
of "mobile"
208, of which
a hundred
are now inchannels
use. Thatis
leaves 108 immediately available to all the nations of the world, of which the United States
plans to utilize twenty.
In the "fixed service" bands, using alternate
channels, there are 710 channels. Between 1500
and 4000 kc. are 130 fixed service channels, of
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which 42 are in use and 88 available. Ambitious
short-wave applicants in the United States have
made application for 128 channels in this band.
Between 4000 and 23,000 kc. there are 508 channels of which 370 are being used. The United
States is at present occupying 260 of these. For
the 210 channels remaining immediately available for assignment to all the nations of the
world, there are 292 American applications.
Considering that fully half the applications
for short-wave channels are made by companies
totally unacquainted with short-wave transmission which hope to save some money on their
telegraph bills thereby, and the other half are
made by communication companies which are,
one suspects, bluffing in order to prevent the
channels falling into the hands of their competitors, the Commission is up against another
hopeless problem, totally unsuited to its uncertain and hesitant temperament.
RECENT
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EVENTS

THE Federal Radio Commission has granted
nineteen permits to the Boeing Air Transport Company of Seattle in order that they may
erect radio stations at as many landing fields,
scattered from Chicago to the Pacific Coast.
THE Radio Corporation of America has applied for license to construct 65 short-wave
transmitters in order to establish an overland
short-wave system and to counterbalance, apparently, the applications of the Mackay interests for channels for similar purposes.
THE Radio Committee of the American Railway Association has asked for a band 144
kc. wide between 2250 and 2750 kc. for train
communication. They claim that the range of
train equipment is limited to about five miles
and that the interference range is but ten miles.
These frequencies for which they ask are wisely
selected from a standpoint of creating minimum
interference.
THE new 10,000 watt station kstp, National
Battery Company of St. Paul, Minn., went
into operation early in April. This is now one of
the most powerful stations west of Chicago.
RADIO

EQUIPMENT

AT

THE

RUGBY STATION

THE frontispiece illustration of Radio Broadcast for February, 1928, showed a view of
the interior at one of the transmitter buildings
of the Rugby radio station of the British
Postoffice. The caption under the illustration
suggested that it was built by the British
Marconi Company for the Government. We
are informed by the International Telephone
and Telegraph Company that the radio telephone transmitting equipment at Rugby was
provided by Standard Telephones and Cables,
Ltd., one of the manufacturing companies associated with the I. T. & T. The radiophone
equipment was constructed with the advice of
the American Bell Telephone Laboratories who
were responsible for the design of the American
end of the transatlantic telephone circuit
equipment now in daily use at Rocky Point,
New York. The radio telegraph equipment at
Rugby was designed by British Postoffice
engineers and was supplied by a number of
different makers. Readers who are interested
will find complete descriptions of this installation in the British Post Office Engineers' Journal
(January, 1927, E. H. Shaughnessey), and
(April,
1927, Lt. Col. A. G. Lee and R. V.
Hansford).
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TO REVISE THE PATENT LAW"
CENATOR KING is endeavoring to bring
^ about an investigation of the present patent procedure. He points out that there are
95,000 patent applications awaiting action in
the Patent Office, many from six to eight
months, and it requires from two to seven years
after an application is made to secure actual
protection. Congress might well investigate
the patent situation because our present industrial structure requires a new and different patent law, with compulsory licensing at reasonable royalties. The present patent monopoly is
no longer a protection to the public because patents are grouped by such large and powerful
interests that, in many fields, the independent
inventor cannot profit from his discoveries unless he turns them over to existing combinations.
This applies particularly in the radio industry.
RAPID WIRE PICTURE TRANSMISSION
T^HE Bell System broke all records for rapid
* transmission of a moving-picture film from
Chicago to New York. The method employed
was to take a moving picture of a well-known
film actress, Vilma Banky, in Chicago, and to
transmit the negative by wire to New York,
where it was received, three sections of strip in
tandem, as a regular still photograph. The film
was then re-mounted in strip form in New York
and reproduced within a few hours after it had
been originally made in Chicago. It required two
hours of transmission to send ten feet of film as
still picture. This is really the first successful
transmission of high-grade television. It is an
illustration of how still picture photography
may .prove the gateway to television.
THE Canadian Government has refused to
renew the broadcasting license of the International Bible Students'
Association
Toronto and elsewhere.
It announces
that thesein
licenses are cancelled at the request of thousands of listeners. The same group of religious
propagandists is asking for one or two channels
for 50,000 watt stations in the United States.
Proponents of sectarian religious groups urge
that, since jazz and commercial broadcasting
have all the channels they want, religious stations should not be refused the opportunity of
going on the air. The only fallacy of their argument isthat jazz and commercial programs tend
to be universal in their appeal, while any particular religious station serves only a minority
of listeners within its area. It is difficult, however, to apply the principles of justice to the assignment ofchannels for religious interests because each sect firmly believes that, if discrimination is shown and its privileges curtailed,
the Federal Radio Commission and the Government are instruments of the devil. A well-conducted broadcasting station is a profitable enterprise for any religious organization.
TP HE R. C. A., G. E., and Westinghouse com* panies have formed a new subsidiary to be
known as R. C. A. Photophone, Inc. The companychine.
will market
a home
talking of
movie
maDavid Sarnoff
is President
the new
company, Elmer Bucher, Vice-President, and
Dr. Alfred N. Goldsmith, Vice-President in
Charge of Technical Matters. The apparatus is
especially adapted for use in schools and
churches. It uses standard films without synchronized speech as well as the talking film.
CEDERAL-BRANDES, Inc., is changing its
* name to the Roister Radio Corporation
and is applying for the listing of its securities on
the New York Stock Exchange.- — E. H. F.
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E who go to the market for audio
THOS
transformers have noted, no doubt, the
disparity in size of the devices that are
offered. It will also be noted that, as a general
rule, the physical size increases as the claims
for fidelity of reproduction increase. This article
proposes to explain the basic reason for these
variations in physical size as well as to describe
a new principle in the design of transformers.
By the use of this new principle it is possible
to produce the ideal audio curve, impossible
with the conventional transformer, as well as
eliminate a type of distortion that is present in
the latter but which is not indicated by its characteristic curve no matter how good it may appear.
The circuit of Fig. I shows the representative
stage of amplification as ordinarily used in radio
sets. The signal voltage, eg, impressed on the
grid of the first tube may be of any frequency
between 30 and 10,000 cycles corresponding to
the range of frequencies concerned in the reproduction ofspeech and music.
The tube on which the voltage, eg., is impressed has an amplification factor of and a
plate resistance, rp. In the plate circuit of the
tube we have connected a transformer having an
inductance, Li, and the turns ratio, N. Consider
that the secondary operates into an infinite impedance, an assumption that is justified when the
transformer operates into a tube with sufficient
C bias. We will modify this assumption later for
the high frequencies.
fn such a circuit as this, the amplification may
be expressed by the equation:
N
A = amplification
~ where to = 2 X f
A =
Li = primary
v fey
ductance ir
+ 1
This equation first defines amplification as
the ratio of the voltage impressed on the second
grid circuit to the voltage impressed on the first
grid circuit. We note that the amplification is
directly proportional to the amplification factor
of the tube and the turns ratio of the transformer. This might lead one to believe that almost any degree of amplification could be accomplished bythe use of a high-mu tube and a
high ratio transformer. This is not the case.
Using a transformer having a primary inductance of 44.2 henries and
a turns ratio of three,
we have, by use of the
above equation, plotted
in Curve 2, Fig. 2, which
shows the amplification
at various frequencies
when used with a tube
having an amplification
constant of 8 and a plate
resistance of 10,000
ohms. This corresponds
approximately to a 201-A
tube. It will be noted
that the curve is not
ideal by any means,
for at 30 cycles (the
lower limit of the frequencies we are concerned with for the
reproduction of music)
the amplification has
fallen off to 15.5 while
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Audio

Transformer

Design

KENDALL
CLOUGH
Research Laboratories of Chicago

THE author of this article is no stranger to
Radio Broadcast's readers. He has designed several of the popular receivers we have described, and is well known as an excellent radio
engineer. In this article he discloses for the first
time his new audio amplifying system on which
he has been at work for some time. The advantages
of this system are several. It provides an amplifier
that is flat from 30 cycles to above 6000, or, if desired, arising characteristic between 30 and 100
cycles. This is done at less cost than that of a conventional transformer-coupled amplifier, and with
somewhat greater voltage gain. At the same time the
introduction of harmonic frequencies in the output
due to saturation of the core of audio transformers
due to the d.c. plate current which flows through
them, is avoided. Although we have not seen the
data, we understand that a study of this effect at
Cruft Laboratory proved that at times the third harmonic in the output of an amplifier in which d.c.
flows through iron cores rises as high as 50 per cent,
and that no adjustment of bias or plate voltage
would
eliminate Heit. isMr.at work
Clough's
such distortion.
upon system
anotherprevents
article
which we hope to present soon. — The Editor.

FIG. I
the amplification at the high frequencies is
25.0. Now as was suggested, we might believe
that we could secure a higher amplification such
as is shown in Curve 3, Fig. 2, using a tube having a higher amplification factor, such as 30.
Such a curve could be secured if we had a tube
with an amplification factor of 30 and plate resistance of 10,000 ohms. This would be a very
difficult tube to design and produce, however,
and we see by reference to a tube chart that the
240 type ([J. = 30) has a plate resistance of
150,000 ohms. Thus we can compute such a
curve as is shown in Curve 4, Fig. 2, using the
same transformer as was used in Fie. 2 and the
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new value of plate resistance, i.e. 150,000 ohms.
We see in Curve 4, Fig. 2, while the amplification has been improved at the high frequencies, the amplification of the lows is very poor
indeed.
The nature of the equation above indicates
that we could improve the amplification of the
bass notes shown in Curve 4, Fig. 2, by an increase in the primary inductance say to 672
henries. All of this seems very simple but there
is a practical aspect worthy of our consideration.
BETTER RESPONSE WITH INCREASED PRIMARY
INDUCTANCE?
I N MAKING the latter transformer we would
1 require many more primary turns than we did
on the 44.2 henry design, in fact about 3.9
times as many. In addition, to keep the ratio
3:1 we would need 3.9 times as many secondary
turns. We assumed that the secondary operated
into an open circuit. Now, if we attempted to
build the transformer with a primary inductance
of 672 henries we would find that the secondary
turns would have a large self-capacity and that
at the higher frequencies we could no longer
assume operation into an open circuit because
the self-capacity would practically short-circuit
the secondary causing the curve to slump off as
is shown in Curve 5, Fig. 2. This drop in amplification at the higher frequencies is not noticeable to the ear so long as the frequencies below
4000 or 5000 cycles are not materially impaired.
But we see that Curve 5, Fig. 2, begins to drop
badly at 1000 cycles so that the actual transformer fails to approach the ideal at either the
high or the low frequencies. This is the reason
why a transformer for the 240 tube has never
appeared on the market.
Referring to the data that was used to prepare the Curve 2, Fig. 2, we might consider the
possibility of producing a transformer which
would have a high turns ratio in order to raise
the amplification. Thus let us assume that we
desire a transformer of 5:1 ratio. This would
necessitate increasing the number of secondary
turns by the ratio of 5:3 which would cause the
amplification curve to appear theoretically as
in Curve 6, Fig. 2.
However, in attempting this, we find that
when the transformer is actually measured the
curve would drop off at
the higher frequencies as
shown in Curve 5, Fig. 2,
due to the fact that the
secondary distributed capacity would reduce the
secondary voltage at the
high frequencies
the
same
manner asin was
shown in connection with
the curves on the 240
tube. Practical experience indicates that a
transformer with the deamplification
showngree of bass
in Curve
5, Fig. 2
cannot be built at ratios
in excess of 4:1 without
impairing
the high fre10 000
quencies more than the
average ear will allow.
Refer to Curve 2, Fig.
2. Let us consider what
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can be done with the same design in the way of
approaching perfection of the bass response.
Using the same tube constants as were used for
Curve 2, Fig. 2 and increasing the primary inductance we could plot curves for increasing
values of inductance. It is plain that the bass
response improves as we increase the primary
inductance. Here again we run into the difficulty
of secondary capacity for with each increase in
the primary inductance we would have to put
more turns on both the primary and the secondary. In practice we would find that after the
primary had been brought to a value of about
100 henries, we could not increase it further
without either decreasing the turns ratio or
putting up with the deleterious effects of secondary capacity. Curve 7, Fig. 3, shows a measured
characteristic of a commercial 3:1 transformer
which represents about the limit along this line
of procedure without reducing the turns ratio.
It will be noted that in this case the amplification is yet not ideal at 30 cycles, while the selfcapacity of the secondary starts to impair the
amplification at 8000 cycles.
Under some conditions it is desirable that the
amplification from 100 cycles, or thereabouts,
down to 30 cycles should be greater than that
on the flat portion to compensate losses in other
parts of the circuit, the loud speaker, for example. In reproduction of phonograph records
we could compensate the fact that the records
are not cut up to full volume from 30 to 100
cycles, due to practical difficulties in recordcutting. By means of a new transformer circuit,
an amplifier can be produced with either the
ideal flat curve or a rising bass characteristic.
WHAT THE NEW CIRCUIT IS
THE circuit is shown in Fig. 4. Note that the
plate current of the tube is carried by a
resistor, R, and a condenser, C, connects to the
primary. In this way the primary of the transformer carries no direct current, a feature of
importance.
The equation for this form of amplification
involves a resonance which may be controlled
or placed, by proper design, in any part of the
frequency band. Naturally, the most desirable
place for this resonance is in the bass frequencies.
When the amplification is computed for this
system, using the same transformer and tube
which was used in the illustration, Curve 2, fig.
2, together with a resistance R = 30,000 ohms,
the resultant curve is as shown in Curve 9, Fig.
3. it will be seen that this curve approaches the
ideal very closely and with the same amount of
material as in the designs illustrated by Curve 2,
Fig. 2. Here the amplification is lower than was
previously obtained with the same transformer,
but this condition can be corrected by connecting the transformer as shown in Fig. 5. This
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auto-transformer connection increases the effective ratio to 4:1, using the same amount of
copper windings that we have considered for a
3:1 ratio in ordinary transformer connections.
The curve by this connection is shown in Fig.
6, Curve 1 1, where the amplification in the highfrequency portion is the same as we obtained
with the same core and windings that were used
in Curve 2, Fig. 2. The amplification at 30 cycles
has been brought up to a par with the highfrequency amplification while using a transformer having a primary inductance of only
44.2 henries which may be compared with Curve
7, Fig. 3, which shows 27 per cent, decrease at
30 cycles in spite of the fact that it has a primary
inductance of 100 henries. It is apparent that
having a method of producing an ideal curve
with a lower value of primary inductance than
was necessary with the ordinary transformer
connection to produce only approximately an
ideal curve, we will need less secondary turns on
a core of smaller cross-section. This mitigates
largely the limitations caused by the secondary
distributed capacity so that it is perfectly feas-

FIG. 5

ible, where large amplifications are needed, to
extend the ratio of the transformer greatly by
the addition of secondary turns.
It was previously mentioned that in the event
we need amplification of the low frequencies
more than the highs that it could be done by
means of this transformer circuit. In order to
illustrate this system as well as possible, the
value of the primary inductance, 44.2 henries,
was chosen in order to satisfy the conditions for
a flat characteristic with the particular circuit
constants used. This value of inductance is prescribed by the mathematics of the circuit and
the equation for the new transformer indicates
that if a value in excess of this is used in design
that a rising bass characteristic may be produced.
Thus let us assume that the primary (in Fig.
5,) is wound to an inductance of 80 henries.
The circuit would then produce a characteristic
such as is shown in Curve 12, Fig. 7.
FINE RESPONSE CURVE
WHILE several makes of this device will be
on the market during the coming season,
it may be interesting to the reader to see what
can be accomplished in the way of faithful
reproduction by means of measured curves on
experimental laboratory designs. The solid
Curve 13, Fig. 8, shows a transformer winding
of a 3:1 ratio when operated out of a 226 tube
with the customary voltages and with the conventional transformer connection. The solid
line Curve 14, Fig. 8, shows the same transformer
operated as shown in Fig. 5 with the same tube.
It will be noted that this design provides reinforcement of the low frequencies and a slight
reinforcement at the high frequencies in the
vicinity of the cut off. Reducing the size of
the windings produces the ideal curve rather
than over accentuation of the bass frequencies
as shown.
A second illustration is shown in Curve 15,
Fig. 9. This dotted curve was taken using a small
4:1 transformer in the usual connection; the full
line, Curve 16, Fig. 9, with a transformer with
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the new connection. This curve does not go to
30 cycles, but many feel this low limit is not
entirely necessary, in view of loud speakers and
radio transmission shortcomings in the lowest
octave of the musical register. The real point
in the above curve is in its extreme departure
from the ideal curve when operated in the usual
connection, while with the new circuit, the curve
resulting from proper design can be carried substantially flat down to any preassigned frequency.
It has, no doubt, occurred to the reader that
due to the drop in d.c. potential through the resistance, R,of Fig. 4, that it will be necessary
to use a battery supply of greater voltage on the
detector and first-stage amplifier tubes than is
usual to supply the rated plate potential on
the tube. This is no serious limitation of the design, because the detector is usually operated on
45 volts and the first audio stage at 90 volts
while 180 volts are usually available from the
B-power supply. In all the illustrations both
resistors will permit operation on 180 volts and
yet operate the plates of the tubes at their
rated voltages. By supplying both stages from
the 180-volt tap of the power unit, we save the
voltage-divider necessary for B voltages of 45
and 90, as well as saving the by-pass condensers
usually necessary across these taps. Such models
have been prepared in the laboratory for operation with the a.c. tubes, producing an effective
transformation ratio of 5:1 in the first stage and
4:1 in the second as against values of 3:1 and 4:1
respectively, which have been found to be the
practical limit for a high grade audio-amplifier
using the conventional circuit.
This amplifier then has the following advantages: high quality reproduction, due to its flat
characteristics from the very low frequencies
to above 5000 cycles, secured at a lower cost
than is now possible with standard transformer
connections. This is because of the new scheme
of connecting the apparatus in the circuit. There
is one additional advantage which has not been
mentioned here, but which is important. In any
transformer in whose primary direct current
flows, there is liable to be distortion introduced
due to core saturation. Since there is no d.c. in
this method of connecting the transformer into
the circuit, such distortion cannot result. The
writer hopes to present more of this side of his
development later.

V=S. Rp=lOQOO
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Radio Broadcast's Home Study Sheets
The Nature of Radio and Electricity

THERE can be little doubt that radio is one of the most attractive fields for home experiment that has ever presented
itself. Radio problems are not to be solved in a day; the apparatus required for intelligent experiment is not too complicated
or expensive for the layman, the interesting theories involved
may be mastered by anyone who cares to study; and the ramifications ofradio experiment deal not only with electricity but,
for example, with chemistry and acoustics as well, so the tired
feeling of having solved all, is never to be experienced.
Radio is closely allied to electricity, that more or less intangible force which our senses normally refuse to recognize.
We cannot see it, or hear it, and are not aware of its presence
unless it is in motion, doing work of some kind. And yet it is
always present ready for action, to be generated and controlled
by man, and at his will to spend its energy doing useful work.
The radio experimenter plays with this force, and thereby
finds out for himself many of the facts about the force that
runs our street cars, lights our homes, transmits our messages,
brings music out of the silent ether, and does innumerable small
tasks that are no longer considered remarkable. To find out the
most important facts about electricity and radio, one must experiment, not in a hit or miss fashion but with some object; he
must have a good knowledge of the tools with which he works,
and a clear picture of what happens when he uses those tools.
While it must be acknowledged that many inventions and discoveries have been made by individuals who work in attics and
cellars without adequate mental or electrical equipment, by
far the greater part of real advancement comes from research
that is intelligently planned and systematically carried out.
The Laboratory Staff has planned a number of experiments
which shall be described each month in Radio Broadcast, experiments which shall first be performed in the Laboratory of
this magazine and which the home experimenter may repeat if
he desires. These experiments deal with electricity and radio
and should give the experimenter a wide knowledge and experience in radio matters.
The apparatus needed for each experiment will be given in
exact detail so that the experimenter can build or buy it if he
desires; the exact procedure of the experiment will be followed
by the results obtained, and by a series of questions or problems
or suggestions for further experiment. These questions and
problems are for the experimenter to answer. If he desires to
send the answers he has worked out to the Laboratory Staff,
they will be glad to look them over and will always be interested
to know how to make the experiments more helpful.
These pages are so prepared that it will not be necessary for
the interested reader to repeat the experiments; but if apparatus
is at hand, or if he desires to equip himself with sufficient instruments so that he too can take part in the great business of radio
experiment, he will do well to carry out the procedure, or to amplify itat his leisure.
It is possible of course to carry out the calculations of many

JlUlly3

experiments without actually doing them physically at a patent
saving. In fact, it will always be wise to check over the data
given in these pages, working out what mathematics may appear
so that almost the same effect is secured as if the actual experiment had been repeated.
The experimenter will need, first of all, a loose-leaf note book.
Those used in the Laboratory are McM (Manhattan Stationery) ring books No. 518D. The actual make is not important so
long as it is large enough to hold sheets the size of Radio Broadcast's pages.which
In this are
notebook
pages ready
in Radio
Broadcast
markedshould
on gothethese
margin
for
punching — there will be no excuse for having an incomplete
file of experiments! There will be needed, in addition to the binder and these sheets from the magazine, a stock of paper to fit
the binder, both blank and cross section. A good cross section
paper is Keuffel and Esser No. N355-2R. It costs two cents a
sheet and may be obtained from Keuffel and Esser, 127 Fulton
Street, New York City. Another requisite is a good ruler, preferably atriangular scale graduated in 10, 20, etc. parts to the
inch. Keuffel and Esser No. 8883 is a good one. One or more
" French curves" are useful in making complicated graphs.
If the experimenter feels that he can afford a slide rule, he
should invest in this extraordinarily useful instrument. It is a
device which simplifies computations involving multiplication,
division, percentages, squaring or cubing or extracting the square
or cube roots, or using logarithms. With it one can save hours
of time and bother and exasperation. The one used in the Laboratory is a Keuffel and Esser No. 4053-3 costing about $8. A
booklet comes with it showing exactly how to use it. Of course
the calculations which a slide rule — a "slip stick" as the engineer calls it— make simple may be done with pencil and paper
and — when the problem in hand requires their use — with the
aid of a book of logarithms. This roundabout method requires
ten times the labor.
The experimenter should have a supply of pencils, pens, India
ink, scrap paper, as well as a good place to work. Mathematical
calculations may be carried out anywhere, so that the reader
may follow this part of the experiments which will follow at
his convenience. To do the actual experiments, however, in
case the experiments are to be duplicated by the reader, a good
light place is desirable where apparatus will not be disturbed
by the domestic broom or dust cloth! A corner of the basement,
the den, or attic may be used. Even the kitchen may be impressed into service with the disadvantage that the experimenter
probably may have to pack up his apparatus each evening.
A good way to keep your own notebook is to work out the
problems or repeat the experiment on a loose-leaf sheet which
is inserted directly after that clipped from the magazine. If
sent to the Laboratory for checking, the problems must be on
a standard punched sheet to enable us to examine them with the
least difficulty and so that the experimenter can place them in
the notebook when they are returned.

Some Useful
Tools for the
Homementer
Experi-
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Radio Broadcast's Home Study Sheets
Determining the Capacity and Inductance of a Radio Circuit
/"•OILS
and condensers
are thean foundation
on whichknown
everyas radio
circuit
is erected.
The coils possess
electrical quantity
Inductance,
and as every radio experimenter knows, the quantity that makes a condenser
use'ful
its Capacity
for storingit ; electricity.
a current
the coil,is lines
of force surround
the sum totalWhen
of these
lines isflows
knownthrough
as an
electromagnetic field. The word magnetic is important heie, for a compass —
which normally
end of its swinging
needle toward
earth'sWhen
north
magnetic
polethrough
— points
will beone
such theit.
a coil.
current
flows
a deflected
condenser,when
lines brought
of force near
surround
The total ofa
these lines is known as the electrostatic field. It can be detected, not by a
compass needle or any other device using the magnetic principle, but by a
i.'.'iir^i/bodysuchasasmall bit ofpaper which had been rubbed on the sleeve.
The unitguishedofEnglish
capacity
is the farad,
named circuits,
after Michael
Faraday,
a distinexperimenter.
In radio
however,
the millionth
of a farad, a microfarad, is ordinarily the quantity dealt with, or even the
micro-microfarad, the million-millionth of a farad. The unit of inductance
is the henry, named from Joseph Henry, a famous American experimenter.
In radio circuits the unit dealt with is the milli- or microhenry, thousandths
or millionths of henries. The table on this page shows how to convert farads
and henries to microfarads or milli- or microhenries. For example, to change
henries to millihenries, you multiply by one thousand. To convert mmfd.
to mfd. you divide by one thousand; and so on.
It is the size of the coil and the condenser that controls the wavelength or
frequency
which very
a circuit
The designer
of the world's
best must
receiver
must
know towithin
close tunes.
limits what
the inductance
of his coils
be;
he knows how large a capacity he must have to cover a certain band of frequencies. Itis always important to know the exact value of these two elecquantities,
capacity
inductance.
The following
will ofen-a
abletricalanyone
to find
out theandcapacity
of a condenser,
and experiment
the inductance
coii.
APPARATUS REQUIRED
1. A coil of wire. The dimensions of the coil used in the Laboratory are
given in Fig. 1 .
variable condenser fitted with a dial. About 500 mmfd. is the best
size2.of Acondenser.
3.
A
with an oscillating detector; or a tube
wavemeter.radio receiver, preferably
' PROCEDURE
1. Connect the coil and condenser across each other and bring the coil
near the coil in the receiver or that of the tube wavemeter.
2. Tune the receiver to a known station near the center of the broadcast
band, or if a wavemeter is used, set its wavelength to about 300 meters.
3. Changeis unknown,
the settinguntil
of the
variablewithcondenser
acrossis the
coil whose
inductance
resonance
the receiver
indicated
by a
decrease in signal strength, or by a click if the oscillating detector is used,
or by a dip in the indicating needle of the tube wavemeter. A good meter is
the modulated oscillator in the June, 1927, Radio Broadcast.
4. ' Tune
receiver,wavelength
or wavemeter,
otherthe wavelengths
and
below
the firstthemedium
setting tountil
whole of the above
condenser
has
1 . been used, at each wavelength noting down the data as is shown in Table
s. Compute
of the coil from the following formula —
which
is one usedthebv inductance
Professor Hazeltine.
Inductance in Microhenries = 0.2
— X d- X N2
where d is the diameter of the coil in inches 3d +ob
N is the number of turns of wire
b is the length of the winding in inches
As an example
is the manner in which the inductance
26.03of the coil illustrated inFig. 1below
is calculated.
.2 X 38400
0.2 X 3062 X 642
Inductance =* 3X306
+ 9X1.875 9.18+16.85
292 [Ah
6. Compute the capacity of the condenser at each of several
7o1o of the long
v..nelength settings from the formula
wavelength =1884 V L X C
where L is the inductance in microhenries
C is the capacity in microfarads
example, dial.
the What
202-microhenry
inductance
to S27atmeters
at 55° Toon
theForcondenser
is the capacity
of the tuned
condenser
that point?
simplify the problem let us change the above formula to read
(wavelength)2 = 3.54 X io« X L X C
527s = 3.54 X 106 X 292 X C
C
= 270 mmfd.
3.54 X 106 X 292
To provide additional examples,
527' the capacity column in the data Table 1
has been left blank.
7. Plot this data as shown in Fig. 1
8. Make a tap at the center of the coil and repeat the above calculations
and experiment.
9. Pick out some condenser setting on each set of calculations, say 60
degrees, and see how nearly the calculated capacities check.
DISCUSSION
In the experiment we have demonstrated the phenomenon known as
resonance; that is, a circuit composed of inductance and capacity absorbing
energy from another also composed of inductance and capacity, to which
it is properly tuned. We have calculated the inductance of a coil by means
of a formula which will give us a result accurate to within two or three per
cent., provided, a. we measure the dimensions of the coil accurately; b. we
make no mistake in our arithmetic, and c. provided the length and diameter
of the coil are not too different in dimensions. The formula will be most
accurate when the length of winding equals the diameter of the coil.

We have demonstrated that knowing the wavelength to which a coilcondenser combination tunes, and knowing the inductance, we may calculate
the capacity. This is one means of calibrating a condenser, that is, determining
the relation between dial degrees or divisions and microfarads of capacity.
The accuracy with which we determine the capacity by this method is none
too great, but for all practical purposes it is good enough provided, a. we make
no error in our arithmetic; b. we know the wavelength accurately; c. we can
set the condenser dial accurately to the wavelength of the receiver or wavemeter. and d. the capacities being measured are fairly large, say 250 mmfd.
and more. This latter proviso is because the actual capacity across the coil is
made up not only of the capacity of the condenser but of the leads connecting
coil and condenser and the distributed capacity of the coil. This latter capacsa bothersome
experimenters'
calculations
and experiments.
It isity idiscussed
in thefactor
Signalin all
Corps
book. Principles
Underlying
Radio Communication, page 244, in the Bureau of Standards Bulletin 74 on pages 137-8
andThein capacity
Morecroft'sof Principles
0/ Radio
page a 230-235.
the condenser
used Communication,
in the Laboratory,
General Radio
"tin
can"
Type
247E,
was
actually
300
mmfd.
at
550
while
our ascalculations
showed it to be 270 mmfd. — an accuracy of 10 per cent. The coil
measured
on a bridge had an inductance of 280 microhenries instead of 292 as calculated
— an accuracy of 95.6 per cent.
TABLE 1
condenser condenser capacity in wavelength
infrequency
kilocycles (wavelength)2
setting in
621
mmfd. (calculated) in meters
78.5
decrees
385,000
655
270
483
277,000
458
735
55.0
408
210,000
41.0
527
32.0
568
26.5
810
133,700
22.0
338
114,000
370
TABLE 2
Name of unit
henry
farad
f.abbreviation
microfarad
mfd.
mmfd.
micromicrofarad
mh.
millihenry
h.
f.
microhenry
f.
mfd.
h.mfd.
h.mmfd.
mmfd.
mh.
mh.

one
one
one
one
one
one
one
one
one
one
one
one

TABLE
million
million
million million
millionth
millionth
million
millionth
thousand
million
thousand
thousandth
thousandth
millionth

f.3
mfd.
mmfd.
[J.h.
mmfd.
f.
h.
mfd.
mh.
mh.
h.
[Ah.

106
10]2 mfd.
mmfd.
106 mmfd.
1010-- 6 mfd.
f.
IO-12 f.
W u.n.
mh.
10"
10'
10-3[Ah.n.
10 ~3 mh.
10 -« h.

[Ah.

[Ah.
[Ah.

1 N=64
1t#26d.c.c. 1
I
1
\
m
>
,j
mm1
[lilfM10,Sill
I

1300
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PROBLEMS
1. Calculate the inductance of two coils which have the same diameter
and length of winding, but of which one has twice as many turns as the other,
obtained by using smaller wire.
2. The coil used in the Laboratory was too large to cover the broadcast
band effectively with a 500-mmfd. condenser. Half the number of turns is too
few. What is the correct number of turns, providing the diameter and length
of winding is the same?
With a condenser
capacity
is 150 mmfd. what is the
coil3.inductance
required towhose
tune maximum
to 40 meters,
80 meters?
4. How many microhenries is 0.370 millihenries?
5. How many microfarads is 500 mmfd.?
6. If the minimum wavelength a broadcast receiver can be tuned to is
240 meters, and if the condenser has a minimum capacity of 5 mmfd. and
at 500 mmfd. the receiver tunes to, 600 meters, what is wrong? Why will not
the receiver tune to shorter waves?

M^aking

an

A-Power

Unit

From

Your

Battery*

Charger

COHERE are probably many among our readers
J. who have a source oj uo-volt a.c. and who are
still hesitating to supply the filaments oj their tubes
directly or indirectly with a.c. We described in recent issues the ease with which the adaptor kits with
cable and attendant filament transformer may be
used to avnd the A-battery. Now, the faithful
battery-charger occupies a new place and the present
article by Mr. Burnham describes how a very serviceable A-supply may be constructed. A power unit
was constructed in the Laboratory in accordance
with the data given in this article. We used a Tungar 2-ampere charger in conjunction with A-filter
condensers and the proper chokes. With this form
oj filament supply for a standard storage battery
set, the hum audible in a high-quality loud speaker
was quite low.
— The Editor.
ten
te*

THE owner of a battery-operated radio receiver who desires to convert it to a lightsocket operation has before him a definite
problem. How shall the conversion be accomplished? To many, converting a receiver to lightsocket operation means only revising the set for
the use of a.c. tubes. This is one way to do it.
Another method of making a set light-socket
operated, which in some cases may prove cheaper
and easier, is illustrated in this article.
In the first place we should realize that the
part of the power equipment of a radio receiver
-which-in most cases makes the set not light-socket
operated is the storage battery. The B and C
potentials for the set are now generally supplied from the light socket through the use of a
B-power unit. Therefore, any device which enables us to obtain filament current from the
power mains without the use of a storage battery,
supplies the missing link in the a.c. chain. It
should be realized that "light-socket operated"
does not necessarily imply the use of a.c. tubes;
any method whereby a receiver is operated with
power from the light socket is a method of socketpower operation no matter what types of tubes
are used in the set.
THIS A-POWER CIRCUIT IS SIMPLE
THE method used in B-power units to obtain
B and C potentials from the light socket is
quite familiar to our readers. For these potentials
-we take the current from the light socket, rectify
it, filter it and then apply it to the radio receiver.
It seems reasonable to suppose that the same
method might apply equally well for the A supply. So it can, and the various A-power units
now on the market make use of a rectifier-filter
system to deliver sufficient current at six volts
for the operation of radio receivers containing up
to about 8 or io storage battery tubes.
An A-power unit consists, as we have mentioned above, of a rectifier and a filter system.
! The rectifier may be any of the types ordinarily
used in battery chargers capable of supplying
enough current (about 2 amperes) and the filter
system should consist of a combination of a choke
coil and two special condensers designed for use
in A-power units and containing a large amount
of capacity — several thousand microfarads. Condensers for use in A-power units are now available
as are the choke coils and it follows therefore

FIG. I. HOW TO ASSEMBLE AN A-POWER UNIT AT HOME
A battery-charger, an A-filter, a rheostat, and a voltmeter are combined to produce a source of filament current directly from the light socket. In this illustration we show the use of a complete Tobe
A-filter consisting of choke coils and condensers, all combined in a single container; the input terminal
of the filter connect to any good battery-charger of not less than 2-ampere rating and the output of
filter goes through a 10-ohm power rheostat to the filament terminals in the radio receiver. The voltmeter reads the output voltage which should be adjusted to 6 volts. A unit such as this can supply
up to 8 or 10 201-A tubes or their equivalent, and makes it possible to do away with the storage
battery, and obtain complete a.c. operation of the radio receiver
that by making use of these two units any owner
of a battery charger can make himself an Apower unit. The storage battery can be discarded
and your present radio receiver — with no other
changes — in the future operated directly from the
light socket. This is the particular subject of this
article — how to make an A-power unit using your
battery charger. Thus the millions of batterychargers in use around the country can be used
with an A-filter to give the owner of the receiver

a.c. operation requiring no rewiring, harnesses, or
new tubes. Certainly this is worth considering.
The essential parts required are the batterycharger and A-filter, a power rheostat to control
the output voltage of the unit, and a voltmeter
to read the output voltage. Most of the companies making these various parts are listed in
the table accompanying this article.
The story of how to do it is told quite completely in the illustrations accompanying this

voltmeter

AC
FIG. 12.
37 HOW THE PARTS SHOULD BE CONNECTED
This picture-diagram shows clearly how the units are wired. The various parts can all be mounted on
a single baseboard and then located at some point convenient to the radio receiver. Be sure to use a
power rheostat, for ordinary types will not safely carry enough current. With the receiver turned
on, adjust the power rheostat so that the voltmeter reads six volts. If the line voltage varies it may
be necessary to readjust the rheostat in the course of an evening
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article. Those who buy the Tobe A-filter need
only connect it between the battery-charger and
the A-terminals of the receiver and the job is
done; those that want to make up their own
filter circuit need to get a choke coil and two
A-condensers. The completed unit will be as foolproof as it is possible for any power unit to be.
[Those receivers which make use of a rheostat
in the r.f. filament circuit to control the volume
may find the means of superseding the storage
battery suggested in this article of some disadvantage. The regulation of the system is quite
poor (a characteristic of all A-power units, as far
as we know) and when the volume is lowered by
decreasing the filament current to the r.f. tubes,
the other tubes in the receiver will be supplied
with excessive filament voltage. In such cases it
will be better to change over to some other type
of volume control which does not function by
varying the filament voltage. Several methods of
alternative volume control were discussed in
"New Apparatus" in our June number — Editor.]
These condensers require no attention — they
are dry and may be operated in any position.
Don't try to use these condensers in B-power
circuits, in circuits where there is a.c, or in
circuits in which the voltage exceeds about 10
volts d.c. The condensers have been designed for
use only in low voltage d.c. circuits, such as
are found in A-power circuits.
THE BEST FILTER SYSTEM

THE arrangement of the filter system which
will prove best is shown in the illustration
Fig. 3. The condensers, Q, Q, and C3, are A
type condensers and the chokes. Li and L2, are
rated at about 2 amperes and 0.25 henries. The
condenser, C3, is not always necessary, but if the
audio amplifier in the receiver is a very good one,
giving good gain at low frequencies, it may be
necessary to include the third condenser, C3, in

Choke Coil

JULY, i9'.£
Where to Get the Parts

A Condenser

5. A BASEBOARD
LAYOUT OF
THE FILTER SYSTEM
Two choke coils, three A-type condensers, a
rheostat, a voltmeter, and four binding posts
are indicated in this baseboard layout of a
filter system for an A-power unit. Connect a
battery-charger to the two left hand terminals
and you have a source of filament current for
your radio receiver. Operation of your radio
receiver direct from the light socket is then
possible using standard storage battery type
tubes, such as the 201-A. Note in this baseboard layout of apparatus that the two choke
coils have been placed at right angles to each
other so as to eliminate any possibility of
coupling between them. Be sure to note the
markings (or
of the
on the A-in
condenser
and color
connect
themwire)
as indicated
this drawing

A-FILTERS
COMPLETE

10- VOLT

A-CONDENSERS

CHOKE COILS

Corp. Wireless
Aerovox
Dubilier Condenser
& Radio Corp.
Elkon Works, Inc.

American
Transformer Company

Company
Tobe Deutschmann

RHEOSTATS
METERS
Burton- Carter
VOLTRogers
Centralab
Jewell Clarostat

Company
Knapp Electric

Company
Knapp
Electric

Sterling Frost
Ward Leonard
Weston Yaxley

Tobe
Deutschmann
Company

10 ohms

FIG. 3

C ,, C2.C3-A Type Condenser
The circuit of an A-power unit. The filter circuit for an A-power unit made from a battery-charger
consists of two choke coils and three A-type condensers arranged as indicated in this circuit diagram.
Note that one of the chokes is connected in the positive lead and the other in the negative lead.
These A-condensers, unlike ordinary condensers such as are used in B-power units, have a definite
polarity and the red lead or the terminal marked plus must always be connected to the positive side
of the circuit. The choke coils should have an inductance of about one quarter of a henry and should
be able to carry about 2 amperes of current. The 10-ohm rheostat regulates the output voltage. The
entire filter circuit may be easily laid out on a wooden baseboard or arranged in more compact form
to suit local conditions. Manufacturers making the various parts that can be used are listed in the
table accompanying the article
Fig. 3. On most commercial receivers with audio
amplifiers of indifferent quality the third condenser is not required; good home-constructed
receivers generally require the use of the
third condenser. In
arranging the apparaChoke Coil
tus, the two choke
coils should be placed
with their cores at
right angles to each
other.
To control the output of the
necessary to unit
use ita isheavy
duty rheostat with a

Red +-

A Condense;
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value of about 10 ohms. [A 10-ohm rheostat may
not prove satisfactory if the receiver contains only
two or three tubes. A 15-ohm rheostat is more
satisfactory in such cases. — Editor.] Manufacturers of satisfactory rheostats will be found
listed in the table accompanying this article.
It is also wise to include a voltmeter (range 0-10
volts) in the installation so that the rheostat
may be accurately adjusted to the point where
the correct voltage is applied to the receiver.
This voltmeter will also serve to indicate when
the line voltage varies and the rheostat can then
be adjusted to compensate the variation in line
voltage. How the rheostat and the voltmeter
are connected in the circuit is shown in the diagram Fig. 3.

A Condenser

FIG.

FIG. 4. PARTS FOR USE IN AN A-POWER UNIT

New
To Help Cure Interference
X39
Device; Davis Trouble Finder, Model T. F. 2.
A compact portable radio receiving set for use
in locating sources of radio interference. The set
uses five cx-299 (ux-199) tubes in a circuit consisting of two stages of r.f. amplification, detector and two stages of a.f. amplification. A single
dial is used to tune the receiver. The other controls are a volume control, a rheostat and an
"audio-radio" switch.
The set is designed for use with headphones,
which are furnished with the receiver. An external loop of larger dimensions than the regular
internal loop is provided. There is also provided
a small exploring coil to be used as a loop where
minimum sensitivity is required. Size: 14 x
io| x 5f inches. Weight: 20 lbs. Manufacturer:
Davis Emergency Equipment Company. Price:
$225.00 complete.
Application: This excellent receiver, an earlier
model of which proved exceedingly useful in the
Laboratory some months ago, is the only one
of its kind — that we know of — being manufactured for the specific purpose of locating sources
of interference. With the receiver is supplied
a small booklet giving data on the use of the device. The "audio-radio" switch is a valuable
feature. It functions, when thrown to the "audio" side, to cut out of the circuit the r.f. stages,
so that only the audio amplifier is operating.
The manufacturer's pamphlet describing the receiver states that, "No case has yet been observed where interference was audible, on the
audio side, beyond a limited area, usually within
150 feet of the source of interference."
After the source of interference has been located, itmust be repaired and in this connection
the series of articles in Radio Broadcast, by
A. T. Lawton, on how to eliminate interference,
will be useful. These articles appeared in the
following issues: November, 1927, January,
1928, and March, 1928.
A. C. Tube and Set Tester
X4o
Device: Sterling A.C. Tube and Set Tester.
Universal Model No. R-512. Contains an a.c.
voltmeter with two ranges, 0-3 volts and 0-15
volts and a volt-milliammeter reading voltages
up to 200 and milliamperes up to 30. It is possible with the tester to check the plate current

STERLING A.C. TUBE AND

SET TESTER

Apparatus

DAVIS TROUBLE FINDER
of all types of tubes in an a.c. -operated receiver,
test for open circuits, shorts, defective transformers, defective sockets, etc. The tests possible with this tester are divided into two general classes, so called "service tests" and "tube
tests." The "service tests" check the characteristics of the receiver; determine whether or
not the tube is being supplied with its rated
filament and plate voltages, etc. The "tube
tests" check the performance of the tube, determine if it has sufficient emission, whether
it is amplifying, etc.
The tester can be used with receivers using
R. C. A. and Cunningham, Ceco, Arcturus,
Marathon, McCullough, Sonatron, Van Home
and any other a.c. tubes requiring filament voltage not in excess of 1 5 volts (the maximum voltage which can be read on the filament voltmeter).
Manufacturer: The Sterling Manufacturing
Company. Price: $35.00
Application: Radio service men, dealers, set
builders, experimenters, will all find this tester
useful. It is comparatively inexpensive and is
accurate enough for all ordinary testing.
To use the device a tube is removed from the
receiver under test and the plug from the tester
inserted in the tube socket. The tube itself is
plugged into a tube socket on the tester. By
pressing the button on the tester it is possible to
read plate voltage, plate current and filament
voltage. All of the readings are taken under
operating conditions and are therefore exact
indications of the voltages applied to the tube
when it is actually in operation. Either fourprong or five-prong tubes can be tested by
means of adapters supplied with the tester.

PRODUCTS of radio manufacturers whether
new or old are always interesting to our
readers. These pages, a feature of Radio Broadcast
explain and illustrate products which have been
selected for publication because of their special
interest to our readers. This information is prepared bythe Technical Staff and is in a form which
we believe will be most useful. We have, wherever
possible, suggested special uses for the device mentioned. Itis of course not possible to include all
the information about each device which is available. Each description bears a serial number
and if you desire additional information direct
from the manufacturer concerned, please address a
■39 Radio Broadletter to the Service Department.
cast, Garden City, New York, referring to the
serial numbers of the devices which interest you
and we shall see that your request is promptly
handled. — The Editor.
«j«
Ufa

Phonograph Pick-Up
X4i
Device: Erla Phonograph Pick-up Unit. This device, illustrated in the photograph, is sold complete with the tone arm and volume control.
The small movable arm carrying the actual pickup is counterbalanced so that the needle will
not press too heavily on the record.
To install the device, it is mounted on the
phonograph in such a position that when the
arm is moved to the center the needle is directly over the center of the record. The base of
the tone arm is then fastened in this position
with three wood screws.
Manufacturer:
Electrical Research Laboratories. Price: $19.50
Application: Designed for use in conjunction
with a phonograph turn table and an audio amplifier (contained in a radio receiver or separately) to enable one to reproduce phonograph
records electrically.
The counterbalancing arrangement used in
this device to offset some of the weight in the
pick-up is to be recommended. Some of the
pick-ups which have been tested in the laboratory press altogether too heavily on the record.
A member of the Laboratory's staff, witnessing a

ERLA PICK-UP
demonstration a short while ago of a Hewlett
loud speaker located at the Schenectady plant
of the General Electric Company, noted that
the pick-up unit used in the demonstration was
arranged with a counterbalance, similar to that
used in the Erla pick-up.
The Erla unit gave a quality of reproduction
apparently about equal to that of other pickups the Laboratory has received for test, but
the volume output was somewhat less. However, the Erla unit gave all the volume needed
for ordinary home reproduction.
Five New Audio Coils
X42
Device: Sangamo Audio Apparatus. The following units are available:
Audio Transformer Type A. Turns ratio 3,
primary resistance i960 ohms, secondary resistance 7100 ohms, primary inductance 200
henries with no direct current, with 2 mA. direct current, 145 henries. Price: $10.00. Output
Impedance Type E. With 25 to 28 mA. of d.c.
flowing through the coil the inductance is 30

SANGAMO OUTPUT TRANSFORMER
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henries. Price: $5.00. Plate Impedance Type F.
Designed for use in impedance-coupled amplifiers or as audio-frequency choke coils in the
plate leads to prevent oscillation and motor
boating in audio-frequency amplifiers. Inductance about 200 henries. Price: $5.00. Push-pull
Input Transformer Type B. Ratio 4.5 to 1.
Price: $12.00. Push-pull Output Transformer
Type C 1 7 1 . For use in push-pull amplifiers using
171 type tubes. Impedance step down ratio 2:1.
Total primary inductance 80 henries. Price:
$12.00. Push-pull Output Transformer Type
D-210. For use with push-pull amplifiers using
112 and 210 type tubes. Total primary inductance 100 henries. Price: $12.00.
Manufacturer: Sangamo Electric Company.
Application: The above apparatus may be used
in constructing transformer impedance-coupled
amplifiers. The Type A audio transformer, using
a special alloy core, has the disadvantage that
the ratio is somewhat low so that a two-stage
affair will not have any too much gain. With two
of these transformers and a 201-A type tube in
the interstage the voltage gain from the output
of the detector to the grid of the power tube will
be about 6.3. To load up a 171 type tube the
detector output will have to be about 0.7 peak
volts. However, the frequency characteristic
of the transformer, as announced by the manufacturer, and which we consider to be trustworthy, isvery good and the excellent frequency
transmission which the transformer will give
compensates their rather low gain.
The output impedance, Type F, is arranged
with terminals so that it is possible to use it with
different types of power tubes, and adapt their
impedance to that or ordinary types of loud
speakers. A condenser with a capacity of about
4 0 mfds. must be used in constructing a complete output device using this impedance.
Center -Tapped A. C. Tube Resistors
• X43
Device: Center-Tapped Resistors type CU-20.
Small and convenient center-tapped resistors
designed especially for
use across the filament
circuits of a.c. tubes.
They measure about 2
inches long and about
T3j inches wide. Available
in resistances up to 100
ohms. Manufacturer:
Carter Radio Company. Price: $0.25.
Application: Circuits using a.c. tubes generally
require one or more
center-tapped resistances across the filaCENTER-TAPPED
ment circuit. The 20RESISTOR
ohm size in this type
In the grid circuit of resistance may also
return
be put to very satisfac-
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tory use in the filament circuits of screengrid tubes. Twenty ohms is just right to reduce
the storage battery voltage of six to the 3.3
way required by the screen-grid tube. The
volts
center tap in the resistance may be used for the
grid circuit
X return as shown in the circuit diagram,4and4 a C bias of 1.3 volts obtained in this
Antenna Tuning Unit
Device: Sickles Intensifies A unit to be attached to a receiver to obtain greater volume.
It consists of a coil and a condenser mounted
in a small box and functions to tune the antenna
circuit to resonance. Manufacturer: F. W.
Sickles Company. Price: $7.50
Application: If the antenna circuit of a receiver
is tuned by means of a coil and a condenser it is
generally possible to obtain somewhat greater
volume than can be obtained if the circuit is
untuned.
Many modern single-control radio receivers
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6570. Same as 65 12 but with terminals on secondary. Price: $6.50. No. 4586. Designed for one
to eight ux-226, two UY-227 and two ux-171,
\\ V. 8.4 amp., 2! V. 3.5 amp. C. T., 7! V. z\
amp. C. T. Price: $8.00. No. 4587. Designed for
one to eight ux-226, two UY-227 and two ux210, \\ V. 8.4 amp., 2§ V. 3.5 amp. C. T., 75
V, 25 amp. C. T. Price; $8.00. No. 6513. Designed
to operate one to six Arcturus a.c. tubes. Transformer ismounted in crystallized lacquered case
equipped with lamp cord and plug outlet for B
power unit, also tap for control switch. 15 V.,
2.1. amp. Price: $5.25. No. 65 1 1. Same as above
without plug outlet and control switch tap.
Price: $4.25. No. 286. Designed for heating filament of one ux-210. q\ V., \\ amp. C. T. Price:
$2.50. No. 287. Designed for heating filaments
of two ux-171 or ux-112 power tubes, 5 V., 1
amp. C. T. Price: $2.50. No. 820. Designed for
heating one to eight McCulIough (Kellogg)
a. c. tubes, 3 V., 8 amp. C. T. Price: $6.00.
Manufacturer:
Dongan Electric Manufacturing Co.
Application: These transformers are to be used
as a source of filament current for a.c. tubes in
the construction of light-socket-operated receivers making use of any of the well-known
types
of
tubes.' This
transformers
satisfies thea.cdemands
of theline
valveof combinations
found in most receivers in use to-day.
Choke-Condenser Unit
x46
Device: Audichoke. A combination of a choke
coil and a by-pass condenser, both contained in
a single case. The chokes are rated at 100 henries with a d.c. resistance of 445 ohms and the
condensers have a capacity of 1.0 mfd. Manufacturer: Leslie F. Muter Company. Price:
Application: The internal impedance of power
units and old B batteries is frequently sufficiently high to cause an audio amplifier to begin
$5.00.
to oscillate and, sometimes, to motorboat due to

SICKLES 1NTENSIFIER
use untuned antenna circuits and if one does
not mind adding another control to the set it
will be possible to increase the volume considerably by tuning the antenna circuit. The lntensifier is such a device and may be easily added
to most any type of receiver. The idea is not
new — especially to radio experimenters — but in
this device the idea has been put into workable
form so that an average person, knowing little
or nothing about radio circuits, may be able to
use it to advantage. This is a good gadget for the
radio service man to handle and to make use of
in those cases where a customer complains of
insufficient volume.
X45
A. C. Tube Filament Transformers
Device: A. C. Filament-Lighting Transformers.
Ten different types of filament transformers are
made with specifications as given below.
No. 6512. Designed for one to four ux-226,
one UY-227 and one ux-171 or two UX-171A.
Transformer is mounted in crystallized lacquered
case equipped with lamp cord and plug outlet,
also tap for control switch. 15 V., 4.2 amp.;
25 V, 1.75 amp.; C. T., 5 V. \ amp. Price:
$5.75. No. 6515. Same as above without plug
outlet and control switch tap. Price: $4.75. No.

common coupling
owingcase,
to the
impedance. In the ideal
the power
amplifierunit's
should
be absolutely independent of its power supply
so that it is entirely unaffected by the impedance of the source of power — but unfortunately
in practice this is rarely the case. The receiver
may be made practically independent of the
power supply by properly filtering the plate by
means of choke coils or resistances in conjunction with by-pass condensers. This Audichoke is
a device of this sort making use of a choke coil
and 1.0-mfd. by-pass condenser. The connection
of the unit in a typical amplifier is shown in
the circuit diagram.
There is no reason for the use of this device
in an amplifier that is giving satisfactory operation, but in cases where the amplifier oscillates
or motorboats these choke-condenser units may
be included in the circuit. In making use of these
units it is generally not necessary to revise the
amplifier; the chokes may simply be connected
in series with the B-plus leads.
Muter Output
ClarifierFilter

Audichoke A- A+ B- B* Bt B* C- CTRANSFORMER COUPLED AMPLIFIER
Muter
MUTER CHOKES IN AN AUDIO SYSTEM

THE COMPLETED POWER AMPLIFIER
AHP A DYNAMIC TYPE LOUD SPEAKER
This high-quality power amplifier, built around
the type 250 tube, must be used with the better
types of loud speakers if the builder is to obtain
from the unit the quality it is capable of producing.
This photograph shows the amplifier in conjunction
with the Jensen dynamic loud speaker

A

Good

Amplifier-Power
By

PROPOSE to describe here a singleWE stage
power amplifier and B supply
designed for use with the new type
250 tube. In the following paragraphs we
review the general characteristics of this power
amplifier and call attention to the interesting
features that have been incorporated in it. Sufficient constructional details are given so that the
amplifier may be readily constructed by those
interested readers to whom this unit appeals.
This power amplifier and B supply is designed
for use as a last-stage amplifier. The receiver
proper must contain at least two stages of resistance-coupled amplification or one stage of transformer-coupled amplification in order that the
overall gain of the system shall be sufficient to
operate the power tube. A combination amplifier
and B-supply unit of this type can also be used
to considerable advantage to replace the output
stage in a radio receiver not using power tubes
or in cases where more volume is desired than can
be obtained from the smaller types of power amplifier ordinarily used in radio receivers. Service
men and professional set builders may find the
construction of an amplifier of this type advisable
for customers desiring the utmost in quality reproduction and who desire comparatively large
amounts of volume such as is necessary in
reproducing radio programs for dances in clubs,
and in other large public rooms.
The output of this single type 250 tube is
about equal to the power output of an amplifier
using type 210 tubes in push-pull. More specifically, the rectifier-filter system used in this power
unit is such that the plate of the 250 tube receives about 400 volts at which voltage the tube
can deliver 3.25 watts. This amount of power is
in excess of what is ordinarily required for home
reproduction but will not be excessive when the
radio installation is called upon to supply more
volume — sufficient, for example, for dancing.
The construction of a power amplifier that can
deliver more power than is ordinarily required
falls into the same category as the purchase of an
automobile with an 80 horsepower engine. The
maximum output of the device may seldom be
required, but is available when necessary. [The
reader should refer to the article "The Newest
Power Tube," by Howard E. Rhodes on page 74,
Radio Broadcast, June, 1928. Here the potentialities of the 250 type tube were most thoroughly analyzed and compared with other power
tubes that are available to the radio fan and
professional set builder. — Editor.}

Unit

HOWARD

for

250

Tube
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THE CIRCUIT IS INTERESTING
THE circuit diagram of this power amplifier
and B supply is given in Fig. 3. The circuit
contains two innovations. In the first place a
small flashlight bulb, indicated as B in the diagram, is connected in series with the output of
the rectifier tubes, to protect the rectifier tubes
from damage in case the output of the filter system is accidentally short-circuited or in case the
type 250 tube is placed in the socket and operated
at less than normal bias so that the plate current
is excessive. In such cases the small flashlight
bulb will glow very brightly or will burn out and
thereby warn the user of the device that there is
some defect in the circuit.
The filter system used in this device is unusual
in that the condenser connected across the input
to the filter system is eliminated and in this case
is connected- instead to the center point of the
two filter choke coils, Li. There is no condenser
connected across the input to the filter system.
This revised circuit is used in accordance with
recommendations to be found in the Cunningham Tube Data Book. [Available from E. T.
Cunningham, Inc. at $2.50. — Editor.] Curves are
given in this book indicating that with the familiar type of rectifier and filter circuit, Fig. iA,
the load on the rectifier tube isquite heavy, reaching during each cycle, current values as high as
300 milliamperes although the average current
drawn from the filter system was only 125 milliamperes. Under such conditions the rectifier tubes
are therefore called upon to supply a peak current
about two and one half times as great as the load
current (300 divided by 125) and thus the filaiy?a»
—
— nra^
THIS article describes a very satisfactory power
supply and amplifier unit using the new type
250 amplifier tube. Technically, the device has two
especially interesting and unusual features. In
series with the rectifier output a small flashlight
bulb is included. This operates to protect the rectifier
tubes from damage in case of an accidental shortcircuit. A new type of filter circuit is used, which
gives longer rectifier tube life than that usually obtained in the usual type of filter system. This unit
tested out very well in the Laboratory. The quality
was very good and the a.c. hum was practically inaudible in the dynamic loud speaker which was
used.
— The Editor.
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the

ment of the rectifier must be made heavy and
long enough to supply this large amount of
current.
A very great improvement in these load conditions can be obtained by removing the condenser,
Q, across the input to the filter system, as indicated in Fig. 1 B. Under such conditions the peak
value of current which the tube must supply is
reduced to only 140 milliamperes in comparison
with the value of 300 milliamperes which the
tube is called upon to deliver when the condenser
was included in the circuit. This reduced current
drain on the tube results in much longer filament
life. The omission of the first condenser from the
filter system would normally cause a reduction
in output voltage but this can be compensated
by slightly increasing the transformer voltages.
The power unit described and illustrated in this
article makes use of this new filter system so
that the user can obtain from the rectifiers as
long a life as possible. The list of parts on page
142 are those used in constructing this amplifier.
assembly and operation
THE ing
wiring
of the amplifier
difficult,
the information
given isin notFigs.
2 and us-3.
The various transformers, chokes and condensers
are supplied with insulated leads sufficiently long
so that most of the wiring may be done with
them. The leads are colored in accordance with
the markings on the diagram. If it is necessary to use any additional hook-up wire it should
be of the heavy insulated rubber type not
smaller than size No. 18. [The unit described
here was made with parts from the Dongan
Company and it performs very satisfactorily
indeed. Obviously, if the builder prefers, he can
assemble a similar amplifier and power supply
employing the necessary units made by other
reliable manufacturers. We recommend that only
1000-volt test condensers be used in the filter.
The "New Apparatus" department, page 85
June issue, and that department in this issue,
as well as our advertising pages, give information
on the products which might be used. — Editor.]
As indicated in the picture diagram, Fig. 2, all
of the cases of the transformers, filter chokes,
and condenser blocks should be wired together
and connected to the negative B. The filament
leads of the rectifier tubes should be twisted together as should the filament leads to the type
250 power amplifier tubes to minimize any a.c.
hum.
It is useless to construct a quality amplifier
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of this type unless all of the apparatus used in
conjunction with it is also of the best. The output
of the amplifier should be fed into a good cone
or dynamic type loud speaker such as the Magnavox or Jensen. In operating the unit care must be
taken that it is so located to provide sufficient
ventilation for the tubes. The 250 type amplifier,
especially, becomes very warm in operation. If
the unit is placed inside of a cabinet it will be a
good idea to tack a piece of asbestos above the
amplifier to protect the cabinet from the heat.
Take care in constructing this amplifier. Remember there are many kinds of accidents. One
is the useful that leads to discoveries and inventions. Another kind, somewhat different, and
sometimes associated with the construction of
high-voltage amplifiers, leads to burnt finger
tips or perhaps to severe shocks. The voltages
used in this and other types of amplifiers using
210's and 250's are positively dangerous and
every precaution must be taken in wiring and
handling the amplifier so that there is no possibility of shock. Do not make any changes in the
amplifier while the power is on.

From
Rectifier

From
Rectifier
<B>
FIG. I
Sketch A illustrates a typical filter circuit such
as is incorporated in the usual B-power unit.
Sketch B shows a modification of this circuit,
condenser Q being omitted, which greatly reduces the peak value of current which the rectifier
tube is called upon to deliver. This improvement
has been incorporated in the power amplifier
described in this article
Ti
T2
T3
Li
Ci
Q>
Ri
R2
2
1
3
1
1
8
B
1

LIST OF PARTS
Dongan Transformer No. 7568 . $ 13.50
Dongan Output Transformer No.
1 177
12.00
Dongan Type H Audio Transformer Ratio 35-1 ....
4 50
Dongan Double Choke Unit No.
6551
15.00
Dongan Condenser Unit No. D600
23 . 00
Dongan Condenser Unit No. D3°7 • •
10.00
Ward Leonard Resistor No. 507-6 6 75
Ward Leonard Resistor No. 50755
1 . 00
ux-281 or Cunningham cx-381 . 15 .00
ux-250 or Cunningham cx-350 . 12. 00
Benjamin Sockets
2.25
Porcelain Socket for Fuse . .
.25
3 Amp. Clearsite Fuse ...
.15
Eby Binding Posts ....
1.20
Flashlight Bulb and Socket .
.50
25-ft. length Belden colorubber
hookup wire
.50
Baseboard, Wood Screws, Bakelite Strips, etc. Approx. . .
1.00
Total
$1 16.25

Input
FIG. 2

OB+135 V
OB+90V.
OB+45V

The following additional items are required
in order to make the device operative.
2 cx-381 (ux-281) Rectifier Tubes
1 cx-350 (ux-250) Power Amplifier Tube
Output

lnPut

OB-

We have already
mentioned the extreme accuracy to
which broadcasting
stations must be kept on their required
frequencies if there is a general exodus of
stations down to the short waves — or into
the higher frequencies. Now we learn from
the March, 1928, Bell Laboratories Record
that crystal control apparatus has been
developed for use with television equipment which is capable of holding oscillators to a constant frequency to within
one part in ten million. This is equivalent
to one cycle in 10,000 kc. (30 meters).
At present, broadcasters seem to have
difficulty in holding to 500 cycles at 1000
kc. This shows that such accuracy of adjustment and maintenance can be obtained.
The objection, from the broadcasters of
course, is that such equipment costs a
great deal of money. We do not believe
this is a valid objection. There is a great
deal of money invested in radio receiving
equipment at the present time — much of
which is wasted because of present conditions in the ether. It costs a lot of
money to wage war, and many years
afterward to pay for it, but at the time
nearly everyone gets highly enthusiastic
about it.
When controlled by these crystals, a
driving motor of a. television receiver
would require a week to get out of step
with a transmitting motor by as much
as one revolution. This eliminates the
tendency of a television image to slowly float
off the screen.
f(ew Crystal
Control

The following prices
Prices of British taken from a recent issue of
"Components" the British
publication
Wireless World and
Radio Review
are indicative of what the Britisher has to pay
for his radio apparatus:
Amplion Cone Speaker . . . . $ 7.00
Siemens B batteries, power type . .
3.00
Weston Set Tester
75. 00
Cosmos High-mu tube, [J.-35, RP50,000
2.00
Cosmos power tube [J.-6.5, Rp-4500
ohms
2 . 50
Brown phonograph pick-up .... 20.00
Carborundum resistance-capacity unit 1 .75
Ferranti output transformer 1— 1 .
6.50
Dubilier phonograph pick-up . . .
7.00
Marconiphone power supply unit . . 37-00
Magnavox dynamic speaker unit. . 47-00
Mullard audio transformer, high quality .
5.00
Ormond five-tube portable receiver . 122.00
Benjamin sockets
.50
General Radio speaker filter . . .
6.00
In this issue are no less than twelve advertisements of moving coil loud speakers, represented
in this country by the Magnavox, the R.C.A.
104, and the Jensen, there is also an extraordinary
radio-phonograph outfit consisting of two tonearms, two pick-ups, two turn tables, and two
motors — all for $180.00. The reason for the duplicate list of parts is not stated.
It begins to look as
Present Interesting though the English have been
Trends in Radio considerably in advance of us
in the development of moving
coil — dynamic type, if you will — loud speakers.
For many months the English papers have had
descriptions of such instruments pointing out
their superior characteristics compared with both

Laboratory

horn and cone speakers, and the advertising
pages of these magazines have been correspondingly full of copy from manufacturers of the
newer type of speaker. We predict that next
year will see a flood of moving coil speakers in
this country, mounting to a new craze on the
part of our radio public.
We have already mentioned the superior qualities of the Magnavox and Jensen speakers. We
have recently seen a curve which we believe to
be truthful — which shows a uniform response
from below 35 cycles to above 6000 when a unit
of this type is used with a rather large and awkward baffleboard. We do not believe it necessary
to go down to 35 cycles for excellent quality — but
it is comfortable to know your automobile can go
75
an hour
nervemiles
to drive
it ateven
that though
rate. you haven't the
The trend toward dynamic speakers is already
evidenced in the interest shown on Cortlandt
Street, the cut-rate market of New York. Here are
a half dozen imitations of the real thing which
the gullible radio public is buying as fast as it
can. It is reported that several receiver manufacturers whose names are well known are interested in the dynamic speaker and that several
have already made arrangements for using it in
1929
models.
There
is another trend which seems to be becoming more and more pronounced. This is the
search for some method of solving the a.c. re-
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ceiver problem whether by series-filament
systems or by voltage control units which
maintain voltages both A and B constant
in spite of varying line voltages.
We have seen several of the voltage
regulators which as yet are not ready for
the market. One in particular delivered A
and B voltages with variations of not
over 1 per cent, in spite of line fluctuations of over 30 per cent.
There is some interest at this time in
running filaments in series, such as was
described by Roland F. Beers in Radio
Broadcast many, many months ago. The
advent of eighth-ampere filament tubes
will make this problem much simpler, for
it is not difficult to obtain currents as
high at 135 milliamperes from modern
rectifier-filter systems. Just when these
tubes will appear is not known, although
a recent Sonatron catalogue lists them
as being ready for sale at once.
And speaking of trends — someone has
suggested that people who object to the
high voltages necessary for 210 and 250
type tube operation, where considerable
audio power is desired or necessary, might
use four
in parallel.
rent drain171's
would
be aboutThetheplate
samecur-as
for a 250 type tube, but the voltage need
not be over 220 for a combined B and C
voltage supply system. This is to be compared with 500 necessary to provide the
newest power tube with proper operating conditions. Four 171's will deliver
nearly 4 watts of power, and will present
an output impedance of about 500 ohms
which ought to bring out enough low notes,
without distortion, to suit anyone. With the
proper output transformer this amplifier output ought to work into a dynamic speaker with
its usual 5- to 10-ohm impedance.
The curve in Fig. 1 is that of the Amertran
output transformer designed to couple push-pull
210 tubes to a dynamic speaker.
The Kodel Radio Corporation announces it has
paid $250,000 for the invention which led to the development of Kuprox, a rectifying element. This
sum bought approximately 35 patents. During
the past six months royalties in excess of $100,000
were paid to the Leibel-Flarsheim Company of
Cincinnati for devices using this material which
was developed in their laboratories.
The Arcturus Radio Company, makers of
tubes, announced a '27 type replacement tube
with a guaranteed life of 1000 hours. This has
been possible by designing a heater and cathode
combination in which the filament or heater
burns at a very low temperature. The lag in time
between turning on the current into this new
tube and its functioning properly, which in some
tubes is about 42 seconds, has been reduced to
six from fifteen seconds by decreasing the spacing between heater and cathode. The increase in
heating varies roughly as the square of the de10
Radio
Gossip
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Frequency characteristic of the Amertran type 200 push-pull output transformer working out of two 3000-ohm tubes into 10- and 1 5-ohm resistances
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crease in spacing. Variations of line voltage
up to 25 per cent, can be tolerated with this
tube.
Forty-eight months ago we watched Austin
G. Cooley transmit pictures across the Radio
Broadcast Laboratory and wondered when it
would be possible to turn his work over to the
thousands of experimenters in this country. We
now have a circular from the Radiovision Corporation, 62 West 39th Street, New York City,
which announces that the Cooley Rayfoto kit is
ready for sale and that pictures are being
regularly transmitted from wor.
These booklets have
come to our attention and
deserve the praise of a review. However, their titles
indicate enough of their contents to be of interest to those working in any of the subjects
covered :
Publications
W orthy of
^Hpte

Generator for Audio Currents of Adjustable
Frequency with Piezo-Electric Stabilization, by
Augustards, No.Hund.
Scientific
Paper of the Bureau of Stand569, Price
10 cents.
Hew to Operate Any Receiver from the House Current
without Batteries. Arcturus Radio Company, 255
Sherman Ave., Newark, New Jeisey.
A Radio-Frequency Oscillator for Receiver Investigations, byGeorge Rodwin and Theodore A.
Smith. Institute of Radio Engineers, (reprint!. February
1928 issue.
Calculation of Capacities of Radio Antenna and
their Resultant Wavelength, by Frederick W.
Grover. Scientific Paper of the Bureau of Standards No.
;68, price 20 cents.
National Electrical Safety Code. Fourth Edition 1926,
Handbook Series of the Bureau of Standards, No.
3. Price Si.
Data on the Voltage Amplification of Radio Frequency
Transformers,
by Burr Experiment
K. Osborn. Bulletin
No. 15,
Michigan
Engineering
Station, Michigan
State College, East Lansing, Michigan.
II hat B FAimmalor Shall 1 Buy? Electrad, 175 Varick
Street, New York City.
One of our service-dealer
"Skim Milk
friends
sends us what he conMasquerades
siders agood joke on himself.
As Cream"
Recently he gave a wholesale
firm a trial order for some output transformers
which would retail at $1.50. When the transformers— so called — arrived he attempted to
measure the resistance, to get an idea of the
inductance, and found that the coils would pass
one ampere at 85 volts, and when the cover was
torn off he discovered a solid pig-iron core and
two coils connected as shown in Fig. 2. When the
coils were so connected between tube and loud
speaker that energy transfer was inductive rather
than conductive, nothing got through because of
the extremely low inductance. In other words
instead of a transformer, our friend had bought
two coils which were to be placed in series with
the loud speaker. The iron was thrown in. How
many of Radio Broadcast's readers have been
taken in by such devices'
W ill any technically mindTechnical Smoke ed reader interpret this quoScreen
tation from the April, 1928,
Popular Radio (page 303),
During tests that were conducted in the
Popular Radio laboratory it was found that
this cone could easily take an output of two
210 amplifier valves arranged in a push-pull
stage. The output current during the test
ran as high as 49 milliamperes, with voltage
on the lower end of the frequency range varying between 1000 and 1280. The speaker performed remarkably well with this great load
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and was free not only from standing waves,
but from harmonic distortion as well.
Recent Interesting
Technical Articles

The following articles in
technical radio publications
are to be recommended:

Measurement of Choke Coil Inductance, Proce dings I.R. £., March.
Mutual Inductance in Radio Circuits, Experimental Wireless, April.
Calculations for Resistance Amplifiers, Experimental Wireless, April.
Low-power Crystal-Control Transmitters, QST,
April. of Iron-Core Inductances, QST, April.
Design
Photoelectric Cell Applications, Popular Radio,
April.
Geophysical
Prospecting, Scientific American,
May.
The Stabilized Oscilloscope, Radio Engineering,
TheApril.
Neutroheterodyne, Radio News, May.
Regeneration, What it is, Radio News, May.
We are glad to quote the
following from a letter of Mr.
Austin C. Lescarboura, apropos of an article on page 421
of the April Radio Broadcast in the department
"Our Readers Suggest."
Because of my extensive experience with
all types of resistors, I wish to point out that
the "additional precaution" of Mr. Harries
is somewhat misleading. There are variable
resistors to-day quite as reliable and as silent
in operation as the wire-wound type. While it
is true that the carbon-pile type is often noisy
and microphonic, due to loose contacts between the carbonized paper disks made necessary in attaining a wide resistance range,
there is none of this feature in the compression type utilizing graphite and pulverized mica. In the latter type there is always
sufficient compression of the resistive material
to insure perfect contact free from microphonism, although the widest possible resistance range is obtained in several turns of the
knob. While in the past there may have been
limited use for the compression type variable
resistance, to-day, with various sizes up to
and including a power type capable of handling 40 watts of energy, there is no reason to
turn to fixed wire-wound resistors even in the
large power packs and A-B-C power units.
The following letter from
From a Lab
A. S. Penoyer of Saginaw,
Circuit Fan
Michigan, pleased the Laboratory Staff a lot; fortunately
it is but one of many in a similar vein:
To you this letter will mean just another
from a new R. B. Lab. circuit fan; but to me
Present
Compression- Type
Resistors
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the circuit is little less than a revelation. I
am well repaid for having disassembled a
mighty fine seven-tube super to acquire parts
for the Lab. circuit.
I have been an ardent super fan since the
days
published
Haynes'
article when
four oryou
five years
ago, and
during super
that
time have built and rebuilt several. Your
last article in the April issue convinced me
that you have something good. Yet it was
with misgivings that I removed the first wire
from Old Faithful; and when, due to the
omission of a wire to ground from by-pass
condensers the Lab. circuit motor-boated
mightily, I cussed my temerity in proportion.
But now,
it's a "wow"
and I wouldn't
trade
it forwell
anything
I have seen.
The coils I am using are home-made, but
judging from results must be pretty good.
All of the other parts are of the best and the
layout is approximately as suggested in your
April article. Selectivity is excellent and I
am
stations equals
I haven't
heardandin
some listening
time. Theto volume
the super
the tone too.
is round, full and very real and I'm
critical
Just why more than four tubes are necessary, Ican't
understand.
I am fully of"sold"
and wish
to express
my appreciation
your
April article. The May issue has not as yet
arrived so I don't know what your constructional article is to be, but am sure it can't improve my set.
We often wonder who the
thousands of Radio Broadcast's readers, from whom we
never get letters, are; what
their business is, how they are interested in radio;
how it is possible to get better acquainted with
them. The following tabulation of one thousand
readers is one yearold but givesa good idea of who
the magazine's audience was in February, 1927.
What we should like is for one thousand present
readers of these pages to write us a note, letting
us know where on this list they are.
W ho Our
Readers Are

Occupation

Radio dealers
Miscellaneous skilled workers
. . .
Engineers
Clerks
Executives
Salesmen
Electricians
Draftsmen
Accountants
Mechanics
Machinists
High school students
Technical institute students . . . .
Physicians
College students
.......
Lawyers
Bookkeepers
Tellers
Chemists
Dentists
Pharmacists
.
Miscellaneous

26 7
23 .8
11.0
5.4
4.5
4.3
4.1
3.3
2.5
2.3
2.1
1.8
1.3
1.2
.9
.9
.8
.7
.7
.4.
.3
1 .o

Users of nichrome and
other resistance wire and who
have had difficulty in soldering itwill be relieved to know
that John Firth of the Firth Radio Company,
25 Beaver Street, New York City, has developed
a special flux with this difficulty in mind. It
is known as Perfecto No. 2 and may be obtained in25 and 50 cent bottles from the Firth
Company.
— Keith Henney

A Flux for
Nichrome Wire

FIG. 2
What was actually inside an "output transformer" purchased at a low price by a radio
service man. Pig iron was used to give the unit
weight!

Per cent,
of 1 000

THE COMPLETED A-B-C-POWER UH1T
Assembled from parts generally available this A-B-C-Power unit may appeal to
many constructors who have a good receiver which they do not wish to discard
but who still would prefer to displace their battery supply and provide a
modern last audio stage

An

Interesting

A-B-C-Power

Unit

and

One-Stage

Amplifier
By

SAY Frank, I have a radio problem on my
hands, and knowing all the time you've
spent on broadcast receivers I thought
perhaps you can help me out," was the way a
friendly chat began.
"Surely, only too glad to be of service," and
his friend inquired, "tell me all about it."
"Well I suppose I'm just like everybody else
these days and want a completely electrified set.
But in a way I hate like blazes to scrap my Neutrodyne which is just a little over a year old
and tunes about as fine, and has tone quality almost as good as any I've heard; still on the other
hand if it isn't the B-battery going bad why
then it's the old storage battery quitting at just
the wrong time. Yes, I suppose my trouble is
simply batteries, batteries and then more batteries.
"Frank, tell me," he continued, "what make
of electrified set would you buy? I can't make
up my mind on this point, but it seems to me as
though the cheapest receiver in the electrified
class costs about $125 with tubes, if the ads
mean anything at all. My present set cost a little
over $175, and to think there is a 100 per cent.

J. GEORGE
UZMANN
Dubilier Condenser and Radio Corp.

depreciation to be taken after a year's operation
is hard to believe — that state of affairs surely
would not get by in everyday business."
"Just a second, Lawrence; pardon my interruption, but I think 1 pretty well understand
your problem, and if you will let me tell you of
my experience along these lines during the past

year, or say, ever since this a.c. tube question
made itself felt, then perhaps you shall be better
able to purchase the correct type of set or equipwith not only the least cash outlay but also
without running into the usual grief." The radio
expert with these few words had the pulse of the
situation.
WHAT

THE complete
unit supplying
all iji
receiver voltagespower
and containing
a type
audio amplifier stage described here is an excellent
unit. Tested in the Laboratory of Radio Broadcast on a standard
battery-operated receiver, very
-T
little hum was
audible on a high-quality loud
speaker. Home constructors may be interested in
duplicating this unit for it is highly satisfactory and
comparatively inexpensive. The professional setbuilder and service man will
find in this device a
145 the
popular replacement outfit for
power supply of
battery-operated receivers with an insufficient laststage audio amplifier.
— The Editor.

IS AN ELECTRIFIED RECEIVER?

THE above paragraphs in a few words describe
the general thoughts and impressions which
exist to-day in the minds of many who now own
radio equipment. Gaining momentum, it seems
as though everyone is interested in an "electriYet strange as it may seem, very few people
really realize just what sort of a set it must be.
fied set."
Evidently
receiver
is "electrified"
long
as it any
operates
without
batteries. Ajust
radioso
trade paper recently made a canvass in effort to
learn just what the public was thinking about
regarding "electrified" equipment, and it is
interesting to note that less than 10 per cent, of
set owners had any conception at all about what

RADIO
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Complete A Power Unit in Single Case
FIG. [. THE CIRCUIT OF AN A- B- C-SUPPLY AND POWER AMPLIFIER
A power-amplifier and B-supply have been combined with an A-power unit in this unit so that the
combination not only gives the constructor a stage of power amplification but also supplies to the
receiver all the necessary A- and B-voltages. The various pieces of apparatus in this drawing have
been lettered to correspond to the lettering on the picture diagram and photograph and list of parts
in this article

made up such a set — evidently its name alone,
or possibly the vague impressions of a.c. tubes,
together with their novelty, etc., etc. has been
the cause of building up the present runaway
market.
It is true that with a.c. tubes plus the proper
power supply modern receivers can readily be
built which operate without the use of a single
battery. The a.c. source of B and C voltage has
been practically solved for two years or more
because of socket-power devices but it is the
appearance of the various substitutes for the A
battery that have suddenly built the recent excessive demand for "electrified sets."
It does not make a particle of difference what
sort of tubes one employs because each is a
three-dimensioned device and thus calls for an
A potential for heating the filament, a B voltage
for its plate circuit, and in most cases an additional C voltage for biasing its grid. Many experimenters have worked on the problem for
many years in effort to produce a tube which
would operate satisfactory when its filament was
energized by alternating current instead of d.c.
It has always been a major problem, and even
to-day is far from being solved, regardless
of what the average broadcast listener may
think.
The trouble, and there has been much of it too,
during our short experience with a.c. tube sets is
that set owners simply demanded such receivers
a little early; this growth should have been
gradual, and not the overnight demands such as
we have all seen. Radio haste always makes
waste.
201 -a and 199 types of receiving tubes require
direct current for heating their filaments and
may be considered standard because their efficiency and operating characteristics have been
generally accepted through almost five years of
usage. These are excellent tubes and give faithful
service for better than 1000 hours of life — a
feature in which a.c. tubes in most cases have
fallen down badly. [The rumored short life of a.c.
type tubes may be due more to excessive line
voltage which causes the tubes to be supplied
with filament voltages above normal than to
defects in the tube itself. It is interesting to note
that at least one maker of a.c. filament transformers has reduced the rated output voltage
from 2.5 volts to 2. 25. — Editor.] It is important,

too, to note that 201-A and 199 type tubes cost
less than the present a.c. varieties.
A COMPLETELY
ELECTRIFIED 201-A RECEIVER
PROM the above remarks it is quite apparent
1 that the only real difference as far as the
user is concerned, between a.c. and 201-A or 199
type tubes lies in the method of energizing their
filaments — one employs so-called "raw" a.c.
house lighting current and the other pure direct
current.
In the last analysis it is the A storage or dry
battery which is the real bone of contention.
How the use of these batteries, and also other
substitutes such as electrolytic rectifiers, chargers
and trickle-chargers, can be avoided is described
in this article.
This unit consists of a unique dry or "electronic" full-wave rectifier for converting the
house current into a pulsating direct current.
The latter is then filtered in quite the usual way
by means of heavy choke coils and a condenser
network. The A-filter condenser, like the rectifier,
is also of novel design. The condenser is bone
dry and has a capacity of approximately 1500
to 2500 mfd. stored in a space of but 2 x 2 x 7
inches.
For a description of this unit, which is the
Knapp A-power unit the reader is referred to
the March, 1928, issue of Radio Broadcast.
In view of the excellent results obtained
through the use of the latter equipment, and also
considering (1) its low first cost, (2) cheapness
of operation, (3) complete elimination of both
storage battery and charger, and (4) faithful
radio service at all times, it was decided to incorporate the Knapp unit together with a B
and C power unit and also a one-stage audio
amplifier as an integral assembly. The power unit
and amplifier were mounted in the smallest possible space so that it could operate efficiently any
type of receiver, such as the Atwater Kent,
Crosley, Freshman, Fada, Grebe, or homeconstructed receivers such as the BrowningDrake, Universal, etc.
In its final form this unit as shown in the illustrations occupies a space of 12 x 17 inches. It
will supply A power for all receivers up to 10
tubes, and also B voltages up to 180 or 200
volts, in addition to a C bias voltage of 40 for its
own amplifier stage.

NOT A RECEIVER WIRE OR TUBE CHANGED
NOT a wire of the receiver proper need be
changed. Simply connect cable leads from
the receiver which ran to the storage and B
batteries over to this device. And by means of a
Thordarson plug connector fitting into the old
last audio stage tube socket, the latter becomes
automatically replaced with a modern and upto-date last stage audio amplifier.
This feature is most important to users of
factory-made sets. Many of these do not permit
operation of a last-stage power tube, either because the output tube does not employ a C
battery or because the latter is in common to
both audio stages, a system found in many Atwater Kent and Crosley models.
ASSEMBLING THE ELECTRIFIED PACK
A KNAPP
A-Power
from a kit
of partsunit
or itmay
can be
be assembled
purchased
fully assembled; the latter arrangement is probably the better to follow for those who are not
familiar with or do not care to make up the
kit.
Since the Knapp steel casing measures' 8J x 12
inches, the last dimension determines one side
of the general mounting board. The writer found
that a standard 12 x 17-inch drafting board,
which can be obtained from any stationer, is
strong, and saves all wood-working time.
For the B-supply section of the pack a simple
and efficient type of B power circuit was adopted.
In view of the well-designed transformer and
choke coil arrangement put out by Thordarson
their standard R-171 Power Compact was emThe steel housing of the R-171 unit encloses
ployed.
the transformer, choke coils and buffer condensers for the Raytheon type bh rectifier tubes.
It is important that a well built and sturdy
filter condenser block be installed. A standard
Dubilier
was
used. type PL-574 power block condenser
By means of a Thordarson type R-508-1 wirewound resistor, B voltages of 45, 90 and 135 volts
become available for the radio-frequency, detector, and audio circuits of the receiver. This
resistor also supplies a 40-voIt C bias potential
for the cx-371-A power tube. A Dubilier type
907 l-mfd. by-pass condenser, Ce, is connected
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FIG. 2. HOW THE APPARATUS IS ARRANGED AND WIRED
This picture-diagram shows clearly how to place the apparatus on the baseboard and how it should
be wired. The power lead from the power transformer used in the B-supply is plugged into the socket
on top of the A-power unit. The entire unit is then controlled by the small toggle switch on the
A-power unit
across the C bias end of resistor, as shown in
Fig. 1.
Acx-371-A tube is employed in the output stage.
Its filament is operated by means of a.c. supplied directly from the Thordarson R-171 transformer. Astandard choke coil and condenser is
also required for keeping the high voltage d.c.
out of the loud speaker. A Thordarson R-196
choke coil together with two Dubilier type 907
i-mfd. condensers make up this arrangement.
To the grid terminal of the power stage tube
socket connect a Thordarson R-172 power input
plug. This plug is merely inserted in the second
audio stage of the receiver proper and in the
same manner as a tube; it transfers the first
stage audio output directly to the power amplifier inthis unit.
The illustrations show just where each component isplaced. Fig. 2 combines suggestions on
how to dispose the various parts and a wiring
diagram in picture form for those who prefer to
follow this kind of diagram.

THE LIST OF PARTS
THE following parts were used in the unit
assembled by the writer. Parts mechanically
and electrically equivalent to those mentioned
below may of course be used.
Coils.
TLi, U <[Filter
Power Choke
Transformer.
C9, Cm (.0. i-Mfd. Buffer Condensers.
All contained in the Thordarson Power ComL3 pact R-171.
Output Choke, Thordarson Type 196.
Ci
/2-Mfd. 600-Volt Filter Condenser.
C2
1 2-Mfd. 400-Volt Filter Condenser.
Cs
<T8-Mfd. 400-Volt Filter Condenser.
C4
I i-Mfd. 400-Volt Bypass Condenser.
Cs All contained
' i-Mfd. 400-Volt
Condenser.
in theBypass
Dubilier
Condenser
Block Type PL-574.
Ce
i-Mfd.
Dubilier160-Volt
Type 907.Bypass Condenser,
Rt
Voltage-Dividing Resistor, Thordarson
Type R-508-1.

C7, Cs
Two
One
One
Five
One
One
The
One
One

Dubilier160-Volt
Type 907.Bypass Condenser,
i-Mfd.
Benjamin Sockets.
RollR-172.
Belden Colorubber Hook-up Wire.
Power Input Plug, Thordarson Type

Binding Posts.
Kit of Parts, or Completely Assembled
Knapp12X17
A-Power
Unit.
Baseboard
inches.
following tubes are required:
Raytheon bh Type Rectifier
cx-37 1 -a Power Amplifier

The writer feels that this A-B-C-Power unit
and amplifier possesses many excellent features.
Its total cost is quite small considering its general
utility and large improvement over batteryoperated equipment; further, it is thoroughly
dependable in operation and the unit makes it
possible for any radio constructor to realize
full set electrification of all existing batteryoperated receivers.

Fig. r. READY FOR A^Y TEST
This compact tester combines the functions which once required the use of a
varied array of meters and testing equipment. It is adapted for continuity
tests on all the circuits of a. c. or d. c. sets, filament, plate and grid voltage
test, and individual tests on tubes.

A

Universal
By

IAM a radiotrician practicing general servicing,
repairing and installation of all types of
radio receivers.
Given a couple of meters, some knowledge
of the subject and some common sense, the testing of the older types of battery receivers and
tubes was a fairly simple matter. But when all
types of A, B and C voltage-supply devices and,
later, when the new a.c. sets and tubes came on
the market, the matter of testing and troubleshooting became something else again.
In order to eliminate the necessity for a multiplicity ofmeters and other accessories, I devised
an instrument that, used properly, would enable
me to make all routine tests on all types of receivers, both a.c. and d.c. At the time, I could
find nothing on the market which answered my
requirements, so I designed and built such a
tester, which is herewith described.
The tester will assist in making the following
routine tests:
(a) . Continuity of plate circuit.
(b) . Continuity of grid circuit.
(c) . Continuity of filament circuit.
(d) . Voltage applied to plates of tubes.
(e) . Voltage applied to filaments of tubes.
(f) . Voltage applied to grids of tubes in
some sets.
(g) . Each tube in receiver.
(h) . Milliampere drain of each tube and
of the whole set.
The actual construction of the tester is simple
enough if you consult the accompanying photographs and wiring diagram. The paragraphs
which follow may be useful to other service men
and to those who wish to duplicate this unit.
PREPARING THE PANEL
HpHE panel is drilled for
on the reverse side a
ameter the same as that of
around this circle with a

the meters by scribing
circle which has a dithe meter, and drilling
\" drill, making each

D.

Set
A,

R.

and

Tube

Tester

MESSENGER

THE
writer oj'this D.article,
who is a in
service
man
in Washington,
C, describes
straightforward style the assembly and use of a universal
set tester. This useful instrument was designed
especially for routine service work. With it all
manner of tests on d.c. and a.c. radio receivers are
possible. The various tubes in the set can be tested,
and the voltage of batteries or B-power units can be
determined. This universal tester should be the
service to
man's
useful tool,whobutwant
it should
appeal
home most
experimenters
to add also
an
inexpensive and useful test set to their home labor■ — The Editor.
atory equipment.

drilling as close to the previous one as possible.
When you have drilled the complete circle, break
out the center and finish the rough edge with
a small half-round file. The Benjamin socket is
mounted by scribing a square if" on a side. Drill
a j3F" hole in each corner, and a i" hole in the
exact center. The switches are mounted in T7j"
holes,
tip jacks inonf^"theorpanel
f" holes.
Lay and
out the
instruments
in such a
manner that the completed tester will present a
neat and symmetrical appearance. The illustrations may be of some assistance in this respect.
Care must be exercised in wiring so that no
exposed wire can come in contact with any other
wire or any of the jacks, switches or measuring
instruments.
The C battery can be fastened in the bottom
of the cabinet with a couple of small brackets or
strips of thin brass or aluminum. The cable is
soldered into the circuit and the free end brought
out through the same hole that was provided
for the old cable from the Radiola 111. The
cabinet from this receiver served nicely to house
the apparatus for this tester. Those who do not
find such a cabinet can house this unit in any
148

similar cabinet which, if desirable, can be home
made.
MAKING THE TESTING PLUG
TTHE testing plug is made up as follows:
*■ Drill a f" hole lengthwise through the center
of the 1" X 3" piece of wood. Round one end off
to make a convenient handle and taper the other
end slightly to make a snug fit in a ux-199 tube
base. Clean the old glue thoroughly from the
inside of the tube base and melt the solder from
the prongs. It may be necessary to drill out the
center of the prongs with a
drill. Pass the
cable through the handle and strip the insulation
for about an inch from the end of each of the
four wires. Connection to the tube base is made
by passing each wire in turn through the proper
prong (from the inside — with reference to the
bakelite collar) and soldering in place. Make
nicely rounded ends with the solder or you will
have difficulty getting the plug into a socket
later. The wood handle is now pushed into the
tube base as far as possible and glued in place.
Now prepare the UY-227-to-ux adapter by
soldering a phone tip to the end of each of the
rubber-covered filament leads. Do not cut these
leads short, for they should be long enough to
reach from the tester box to any set which may
be tested.
Now prepare the UY-227 tube base as you did
the ux-199 base. Take one of the ux-to-uv-199
adapters and break off the bakelite from the
lower part. The section which makes contact
with the socket prongs is a separate piece and
has four brass studs riveted to it. Cut each of
these studs off to about \" long. Solder a short
piece of bare flexible wire to each stud. Slip a
piece ofThen
spaghetti
" longwireoverthrough
each of the
theseproper
four
wires.
pass feach
prong in the UY-227 tube base, that is, the wire
from the plate opening of the adapter through
the plate prong, etc. Leave the cathode prong
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open, as it is not used. Push the upper part of the
adapter into the tube base as far as possible and
glue in place. Solder the ends of the wires to. the
prongs, leaving rounded ends as before. Now
solder a phone tip to each end of the 5-foot
flexible rubber-covered wires.
You should now have a tester completely
wired with a cable and plug attached, two flexible
rubber-covered leads with phone tips on each
of the four ends, one UY-227-to-ux adapter with
phone tips on the filament leads and one ux-toUY-227 adapter, in addition to the five other
adapters named in the list of parts. The panel
layout of apparatus is shown in Fig. 3 and the
complete apparatus, tester and adapters in Fig. 1.
FUNCTION OF THE VARIOUS PARTS
THE d.c. voltmeter is for indicating the filament voltage in d.c. sets and the plate voltage
and grid voltage in any set. The a.c. voltmeter
is for indicating filament voltages in a.c. sets
and power amplifiers. The switch, S3, is for connecting the proper filament meter into the circuit.
The push button on the d.c. meter must be depres ed to read plate voltage. The d.c. milliammeter is for indicating the plate current of the
tube being tested, and in conjunction with
switches, Si and S2, for testing tubes. With S2 on
"Test" and Si on "C — ," a bias of 45 volts negative is put on the grid of the tube with respect
to the negative leg of the filament. With Si on
"C+," a bias of zero is put on the grid. With
S2 on "Set," the grid of the tube is connected
through the cable to the set. The switch, S4, is for
reversing the d.c. filament voltmeter in the filament circuit to conform to different methods of
wiring the filaments in receivers with respect to
polarity. If this provision were not made, the
meter would read backward in some sockets.
The switch, S5, is for switching the d.c. filament
meter from the filament circuit to the grid circuit
for testing. Switches S4 and S5 are on the cabinet
as shown in Fig. 1; Si, S2, S3 are on the panel.
The cable and plug with its wooden handle is
for plugging into the sockets of the receiver.
The various adapters provided make possible
the testing of any and all types of receivers, a.c.
and d.c, old or new. The two flexible leads are
for connecting to the a.c. and plate voltmeter
meters for external tests by means of the tip
jacks or binding posts provided. In my model
no jacks have been provided for the d.c. filament
meter because the a.c. meter gives an
indication on d.c. although it does
not indicate polarity. The socket is
for inserting the tube to be tested.
The UY-227-to-ux, WD-11-to-uv
standard and the uv-199-to-ux
standard adapters are for adapting
any type of tube to the ux socket.
The two filament leads from the uy227 adapter are plugged into the tip
jacks connected to the a.c. meter
when testing UY-227 tubes. The Benjamin socket will accommodate the
short prongs of uv tubes and adapters.
METHOD OF TESTING D.C. SETS
AND TUBES
LIAVE set to be tested connected
* * up and turned on as for operating. Take out first tube in the set
and insert plug of tester in its place,
using one of the adapters provided if
necessary. Throw switch, Sj, to "d.c,"
switch, S5, to "A," and switch, S2, to
"SET." Read filament voltage from
d.c. voltmeter, making adjustment of
filament rheostat in set, if necessary
to obtain proper voltage for type of

FIG. 2
tubes in set; that is, 5 volts for 201-A tubes or 3
volts for 199's. If the meter tends to read backward, reverse the polarity by throwing switch, S4,
until the meter reads correctly. If no reading is
obtained, see that the A battery is charged
and that the leads are making proper contact,
both at battery and set. If no reading is now obtained there is an open circuit in the filament
circuit. Try another socket and if the same result
is had you are safe in assuming that either the
battery switch, the rheostat or one of the main
filament leads are open. Short-circuit each one in
turn to locate open portion of circuit. When
found the remedy is obvious. If no reading is
obtained in only one socket, it may be that the
socket springs are either dirty or are not in the
proper position to make contact with prong of
tube or adapter, or one of the filament leads to
the socket is broken or disconnected, or there
may be a high resistance joint in the circuit
wiring. Check each item in turn until the fault
is located, and then remedy. This must be done

PUSH FIG.
/ VOLTMETER
BUTTON
M2 3STUDS

before going forward with further tests. If the
voltage indicated is excessive there is either a
short circuit or wrong connection indicated.
Check connections to batteries or power uniti.
After making certain that the filament circuit
and voltage is correct, depress d.c. voltmeter
button and read the plate voltage. If the voltag;
indicated is incorrect for the socket being tested,
that is, 45 volts for the detector or 90 for a radiofrequency amplifier, adjust, after making certain
the voltage source is connected and functioning
correctly. (The two flexible leads can be plugged
into the d.c. voltmeter jacks shown in Fig. 3
and used to test either batteries or power unit,
keeping button depressed while using. Pull plug
out of set while making this test). If no reading
is obtained with the plug in the set and meter
button depressed, it indicates an open circuit
in the plate circuit. Short each portion of the
circuit, such as the primary of a transformer or a
radio-frequency coil and any stabilizing or
volume control resistances which may be in the
plate circuit. When the defect is located, remedy either by replacing or
repairing defective part. The resistance of audio-transformer primaries,
etc., must be taken into consideration
when computing voltages. After making certain that the plate circuit and
voltages are correct, throw switch, S5,
to "C." The grid bias voltage, if any,
should now be indicated on the d.c.
voltmeter. If no reading is obtained,
reverse switch, S4. If the detector
socket is being tested, it will be necessary to short-circuit the grid leak
and condenser with a small clip or
piece of wire. Watch your meter
closely as there may be a deflection of
only a small fraction of a volt, depending on how much resistance and
C-bias there is in the grid circuit. As
this test is for continuity of circuit
and not for accuracy of grid voltage,
any deflection of the meter should be
an indication that grid circuit is correct. Defects are located and remedied in the same manner as for the
plate circuit. Check each socket in
the set for these values in the same
manner.
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AFTER making certain that filament, plate
and grid circuits are correct, you are ready to
test the tubes. Insert the plug of the tester into
a socket in the set having a relatively high plate
voltage (90 volts is best) and adjust filament
and plate voltages to proper values. Now insert
the tube to be tested in the socket of the tester,
using one of the adapters provided, if necessary.
With switch, S2, on "TEST" and Si on "C — ,"
read milliammeterand make noteof plate current.
Throw Si to "C+" and make note of the plate
current. The difference in the two readings shows
the worth of the tube when compared with a
known good tube. Suppose the good tube (a 20I-a)
gives a reading of 8 mils with switch, Si, on "C+,"
and a readingof 4! mils with switch, Si, on "C — ,"
the difference is 8 — 45 or 3 '. mils, a very good
reading at 90 volts plate potential. If the tube
being tested gives a reading of 75 mils with switch,
Si,on"C+"and 4 mils with switch, Si, on "C — ,"
the difference would still be 35 mils showing the
tube to be at least almost as good as the sample
tube. If the difference was only 3 mils the tube
could be rated as only fair and should be reactivated. These sample readings are given only to
make the method of testing clear and not to
indicate readings which should always be found.
Test each tube in turn, replacing or reactivating
all those not up to the proper standard of performance. Gaseous detector tubes are very deceptive when tested in this manner, a tube of
very poor quality often giving a good reading.
This is due to the high conductivity of the gas in

the tube. The only sure test is to replace the
tube with a new one and note results. A shorted
tube, that is, one with either of the three elements
touching either one of the other elements in the
tube, will cause the pointer of the milliammeter to
be deflected off or nearly off the scale, and must
be removed from tester at once to prevent damage to the meters.
The method of using the tester on a.c. sets
is the same as for d.c. sets except that switch, S3,
should be on "AC" and the switch, S4, is not
used because a.c. meters have no polarity. The
rules for testing apply to a.c. tubes as well as
d.c. tubes. Many other uses will be found for
this tester by the practical radiotrician, such as
testing the filament voltage applied to rectifier
tubes in B-power units. Used correctly this instrument will prove its worth many times over
and
will
save
many a weary hour over a shop
bench.
The manufacturer's name and model of the
various parts listed below are given merely as a
guide, and not because they must be used. The
experienced constructor will of course use his
own judgment as to the make and model of
parts he prefers. The Weston No. 506 voltmeter
has an internal resistance of about 125 ohms per
volt. I prefer such an instrument, rather than
the more expensive 1000-ohm models, for testing
B-power units because the milliampere drain
more nearly matches that of a tube, giving, in
my estimation, a more accurate reading for my
purpose. A valuable accessory would be a
Weston No. 528 a.c. voltmeter, although this is
not a necessity.

Broadcast
By

THROUGH the years that broadcasting hasd
been with us, the listener has intereste
himself, among a multitude of other things
connected with a station, in the biography
of practically every member of the personnel
and the contributing performers. Occasionally,
in the beginning of radio the former roles the
transmitter and other instruments had played
elsewhere were disclosed and eagerly absorbed
by the radio devotee, but this ceased as the
practice came into being of making the radio
broadcasting equipment to order. Few, though,
have ever paused to think of what might have
s call
been
past ofn, their
letters,thea reflectio
as willfavorite
be seen,station'
that revives
the memory of many heroic deeds and horrible
occurrences.
WSB TWICE WRECKED
A SEARCH through old records will bring
to light several calls now popular in
broadcasting that once were well known in shipping circles, the original owners of many of
which have met with disaster. The reason the
greater number of these were not reassigned to
other vessels
mainly with
to a seamen's
stition that isis atduevariance
the idea, superwgr,
as an instance, was at one time a familiar steamship.call all along the Pacific coast when it was
being used by the passenger steamer Governor
previous to its allocation to the widely known
Buffalo broadcasting station of the Federal
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PARTS EMPLOYED
THE parts and instruments used in the model
described are comparatively inexpensive, and
are listed as follows:
No. 476
Mi 1 a.c. voltmeter 0-10 volts, Weston
M2 1 d.c. voltmeter 0-8-200 volts, Weston No. 506 with 3 studs and
push
button. 0-50 mils, Weston
M3 1 d.c.No.
Millimeter
301.
Si, S6 2 — switches,
Double-pole
double-throw
panel
Yaxley
No. 60.
Si, S2, S3 3 —
1—
4—
1—
1—
1—
1—
1—
1—
I—
1—
2—
6—
2—
1—
1—
1—
1

Single-pole
double-throw
switches, Yaxley
No. 30. panel
ux socket, Benjamin.
Tip jacks or binding posts.
Cabinet from old Radiola m.
Bakelite panel to fit cabinet.
25-ft. roll flexible Celatsite.
45-volt C battery.
4-wire cable 4 ft. long. The cable
used by the writer came from an
old Radiola balanced amplifier.
Piece wood i-inch diameter and 3
inches long for handle of plug.
UX-199 tube base with bakelite and
prongs intact for base of plug.
UY-227 tube base with bakelite and
prongs intact for adapter.
Rubber-covered flexible wire leads
abouttips.
5 ft. long.
Phone
ux-to-uv-199 adapters.
ux-to-uv standard adapter.
UY-227-to-uv adapter.
ux-to-wD-n adapter.
wd-i i-to-uv standard adapter.

a Past

FENWICK

Radio Corporation. The Governor sank following its collision with the freighter West Hartland
in April of 1921, resulting in the loss of eight
lives.
Another quite famous call and one which has
twice Seen the central factor in perilous episodes
of th. eep, is wsb, now of the Atlanta, Georgia,
Jourr The S. S. Francis H. Leggett was the
first po '.essor and, after foundering off the Oregon coa.t on September 18, 1914, taking a toll
of two of the 67 lives aboard, it was reassigned
to the Firewood, the name of which forms a grim
coincidence with its fate, it being burned off
Peru on December 18, 1919, with 28 persons on
board, all of whom were saved.
klz of the Reynolds Radio Company of Denver, Colorado, presents an even more exciting
life story. It belonged to the Speedwell in 1920
when the vessel on September 29 of that year
found itself suddenly amidst the sweep of a
tropieal hurricane in the Gulf of Mexico. An
idea of the severity of the storm may be had from
the report that upon the flashing of the SOS and
the ship's position, the engine room became
flooded, disabling the dynamo, and the only
other source of power for the station, storage
batteries, became useless when the whole afterdeck was torn off and swept away by the sea.
Nine of the 25 people on board were lost in this
tragedy.
The most sorrowful memories, however, lie
behind the letters kre now of the Berkeley, Cali-

fornia, Ga;ette and formerly of the Florence H.
which was wrecked by an internal explosion on
April 17, 1 9 1 8, in Quiberon Bay, taking a toll
of 45 lives of the 77 present in the catastrophe.
The greatest monetary waste to the sea of those
mentioned was in the case of the Princess Anne,
carrying the call kob, subsequently given to the
radio station of the State College of New Mexico. The Princess stranded on February 2, 1920,
on Rockaway Shoals, Long Island, and though
she broke in two and all of the 106 passengers
and crew were saved, the cargo valued at
$500,000 was practically a total loss.
Another call sign which has its past marred
with tragedy is the now familiar whn of New
York City. This call was at one time assigned to
the ill-fated steamer Hanalei. Later it was passed
to the steamer Santa Isabel, which vessel was
subsequently sold to Chile. In cases of this sort,
where a ship is bought by a foreign country, the
letters are changed to those given by the government having jurisdiction over the purchaser.
A few other examples of this where the calls are
now in use in broadcasting are: wwj, well known
as the Detroit News, was formerly of the steamer
Peru which was sold to France, kls, familiar
now as the Oakland, California, station of WarTier Bros., was once possessed by the steamer
Kermanshah, transferred to Hungary. Likewise,
knx of the Los Angeles Express was the signal
of the vessel Susana, which was later purchased
by an Italian company.
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Checking Power Unit Foliages
MANY readers of Radio Broadcast have
constructed socket power devices providing B and C voltages. The adjustment of
the resistors in such apparatus is generally a
matter of guesswork, the values being varied
until the reproduction sounds about right. An
accurate determination of voltage values is
generally a matter of purchasing an expensive
high-resistance voltmeter.
The former method is generally unsatisfactory
because modern receivers are designed to operate
at maximum efficiency with certain definite plate
voltages.
The following paragraphs describe a simple
manner of checking the voltage outputs of a
power unit using parts generally on hand:
The average experimenter possesses one or two
45-volt B batteries, an ordinary voltmeter, and
a pair of earphones.
The power unit and the receiver are both set
in operation and rough adjustments are made by
ear. Ninety volts of B battery is connected with
its negative terminal to the minus post of the
unit. Let us assume that we wish to adjust the
45-volt tap, supplying the detector tube, to the
correct voltage. One lead from the phone should
be connected to the 45-volt tap on the battery
and the other should be placed on the tap of the
power unit. Each time the connection is made
or broken, a click will be heard in the receiver,
provided the two voltages are not identical. It is
therefore simply a matter of slowly adjusting
the tap on the power unit until no sound is heard
in the phone receiver when the circuit is made
or broken, or until the click is at a minimum.
Under these conditions, the voltage at that tap
is exactly equal to the voltage at the battery
tap. The ordinary voltmeter can be used to
check the battery voltage.
The same steps are taken for the 67.5 volt
and 90-volt taps. Should only one 45-volt battery
be available, we simply "step up" the voltage
by connecting B-minus of the battery to plus
45 of the power unit as previously determined,
and then use plus 45 of the battery to adjust the
90-volt tap of the power unit.
Where small C bias voltages are obtained

Readers

Suggest

from the same unit through the drop in a resistance, the same method of adjustment can be
used by making use of a C battery with a 3-volt
and 4.5-volt tap.
W. A. Grobli,
New York City.
STAFF COMMENT
HpHE arrangement suggested by Mr. Grobli
A is more useful as a means of checking plate
voltages than for setting them at some prec/Ste
determined value. It often happens that receivers

OURfor Readers
Suggest"
is aThere
clearing
house
short radio
articles.
are many
interesting ideas germane to the science of radio
transmission and reception that can he made clear
in a concise exposition, and it is to these abbreviated notes that this department is dedicated. While
many of these contributions are from the pens of
professional writers and engineers, we particularly
solicit short manuscripts from the average reader
describing
the that
various
"kinks," radio
short from
cuts,
and economies
he necessarily
runs across
time to time. A glance overfJois "Our Readers Suggest" will indicate the material that is acceptable.
Possible ways of improving commercial apparatus is of interest to all readers, The application of
the baffle board to cone loud speakers, is a good
example
of spark-plug
this sort of lightning
article. Economy
such
as the
arrester, "kinks,"
are most
acceptable. And the Editor will always be glad to
receive mentalmaterial
designed to interest the experifan.
Photographs are especially desirable and will be
paid for.licatMaterial
will extra
be paidconsideration
for on pubion atour usualaccepted
rates with
— The Editor.
for particularly meritorious ideas.
?I)<3V
operate most efficiently from socket-power plate
voltages which are different from the optimum
battery voltages. In the majority of instances the
problem will be to determine the plate voltages
applied to different portions of the receiver
rather than to adjust these values to a given
potential. When this is the case, a 2000-ohm
potentiometer should be shunted across the B
block with the lead from the telephone receiver
wired to the movable arm. This will make it
possible to obtain practically any voltage
within the range of the battery.

cuit arrangement employing a double contact
jack such as the Yaxley No. 5, which shortcircuits the primary of the transformer when the
phones are plugged-in, preventing amplifier instability and howling. The current drain of the
receiver remains practically constant regardless
of whether phones or speaker are employed.
P. H. Greely, Washington,
District of Columbia.
Neutralising the Short-Wave
Amplifier
\ A 7H1LE experimenting with radio-frequency
^ ' amplifiers on waves between 1 5 and 200
meters, I found it next to impossible to neutralize
the grid-plate capacity of the r.f. tube. I tried
all of the popular circuits for neutralizing with
discouraging results. 1 experimented with dozens
of different plate coils having from one to ten
turns and with different values of coupling to the
detector grid coil. I finally decided to stick to
one circuit and fight it to a finish. The Rice
circuit was chosen. With this circuit, if the
filament tap is in the exact center of the coil
and the capacity of the neutralizing condenser
has the same value as the grid-plate capacity of
the tube, it remains neutralized regardless of the
setting of the tuning condenser.
Even with this circuit I could not completely
neutralize the r.f. stage although the detector
and its associated parts was enclosed in a copper
shielded box. I came to the conclusion that the
plate coil offered too much capacity coupling to
the detector grid coil. In this case an electrostatic shield would be needed to eliminate the
capacity coupling. I took the primary of three
turns of No. 20 d.c.c. wire as a form and wound
it toroid fashion, full of No. 26 d.c.c. wire as in
Fig. 2. When connected in the circuit one end
of the shield winding is left open and the other
was connected to the ground. It is now possible
to neutralize
tube
properly. the grid-plate capacity of the r.f.
The same shielded plate coil was used for all

A Convenient Tele-phone jack
Arrangement

B+ Det
FIG. I
The preferred jack arrangement in the
plate circuit of an a.c. detector tube

IT IS often desirable to plug the telephone receivers into the plate circuit of the detector
tube without upsetting the audio-frequency
amplifier. However, most jack arrangements in
the detector plate circuit open the primary of
the first amplifying transformer resulting in a
loud howl from the loud speaker unless the amplifying tubes are turned off.
The sketch in Fig. 1 shows a simple cir'51

FIG. 2
The method of winding the shield coil about
the short wave r.f. primary. One side of the
toroidal coil is grounded
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as the 171 type. The conventional phonograph
pick-up arrangement plugs into the detector
socket, inputting the output of the pick-up into
the audio amplifier. The volume can be increased
by connecting the pick-up to the grid of the detector tube. Additional amplification, due to the
detector, will then be obtained.
R. T. Anderson, Shreveport, Louisiana.
STAFF COMMENT
FIG. 3
The Rice short-wave receiver circuit
employing the shielded coupling coil
waves between 15 and 200 meters. More than
three turns would, possibly, give greater signal
strength above about 75 meters. In some cases
better results may be had by reversing the leads
to the plate coil. Fig. 3 shows the complete circuit. The condenser "Neut. Cond." was a SilverMarshall type 340 balancing condenser. Coils,
R.F.C., are Samson r.f. chokes.
The following parts are indicated on the wiring
diagram: L — Plug-in coils, C — Pacent 0.000135mfd., Ci — Sangamo 1.0-mfd., C2 — Pacent
0.0001 3 5-mfd., C3 — 0.0001-mfd. Micadon, C4 —
Cardwell o.ooo5-mfd.,C5 — Sangamo 1.0-mfd.
Without a doubt an electro-static shield would
be desirable in many broadcast receivers.
R. Wm. Tanner, Berkeley, California.
STAFF COMMENT
HpHE problem of constructing a satisfactory
* short-wave r.f. amplifier involves the difficulty of obtaining stable operation. Our contributor seems to have overcome the difficulties to
a satisfactory extent, although we doubt that
the completed receiver is very efficient.
The problem of short-wave receiver stabilization should be relatively a simple matter using
a screen-grid tube. This department will be interested inreceiving data from readers who have
experimented along these lines.

HP HE RE are several ways in which this can be
* done,in Fig.
two 5. convenient connections being
shown
Drawing A shows the more simple arrangement. The plug which ordinarily is placed in the
detector socket, is disconnected from the flexible
braid leading to the pick-up unit. One of the two
wires in the lead is connected to the grid prong
on the detector socket and the other to the
negative terminal on the A battery (or the negative A binding post on the set, but not to negative A on the socket).
The arrangement shown in sketch B is preferable because of the better impedance relationship
between the pick-up and the input to the tube.
Almost any amplifying transformer can be used
at T. The pick-up wires are connected to the
primary, and the secondary is wired to the detector tube— one lead to the grid prong and the
other to the negative A post on the set.
A simple switching arrangement can be devised by the thoughtful user to throw the receiver from radio to phonograph pick-up.
To Stop That Whistling
IN SOME cases a receiver of the tuned radio' frequency type will cause trouble by oscillating (whistling) so badly, especially on the lower

Wave Trap Tuned Antenna Combination
OPERATING a six-tube neutrodyne (Crosley
the ofwriter
able to stations
obtain
more "Bandbox")
volume in case
weak isdistant
during daytime reception by connecting in series
with the outdoor antenna, 75 feet of bell wire
wound on a if" cardboard tube plus a (Steinite)
wave trap in parallel connection across this coil
and receiver. This arrangement is sketched in
Fig. 4A.
A. Klingbeil
Astabula, Ohio.
STAFF COMMENT
The improvement secured by Mr. Klingbeil is
due to the tuning effect of the wave trap on the
antenna circuit. In some cases similar results
will be obtained with the very simple connection
shown in B, Fig. 4.
Additional Amplification for
Phonograph Pick-Up
I HAVE found that insufficient volume is ob* tained with the some phonograph pick-ups
when using high grade low-ratio audio amplifying transformers and a loW-mu power tube such

Wave-trap

DET.
TUBE
(A>

FIG. 5

Phonograph pick-up circuits utilizing the
detector tube as an additional amplifier
wave bands, that it is impossible to obtain satisfactory reception of broadcast programs.
In a set having the radio-frequency transformer coils mounted directly in back of and
parallel to the variable condensers, the writer
recently stopped such oscillations by a very
simple expedient, i. e., by moving the three coils
slightly closer to their respective condensers.
It was really surprising how quickly the unwelcome oscillations were reduced and finally completely stopped.
This result is caused by a slight additional
loss introduced in the coils due to their closer
proximity to the metal end-plates of the condenser. These losses are not large enough to make
any appreciable difference in the operation of
the receiver, and the owner should have no
qualms in applying this method. If, for some
reason, it is desired to make the receiver oscillate
more easily,
further
away.it is only necessary to move the coils
Jack L. Baker,
Cooper, Texas.
STAFF COMMENT

-o O

75 Bell wire
1 W diam

Ant. Gnd. Receivel

0.00025
/I

mfd

FIG.
(B) 4
Unusual wave-trap circuits which may be found
effective in increasing volume on distant stations

IT IS not always a simple matter to affect the
1 mechanical rearrangement suggested by our
contributor. The same results can be obtained
with less labor by cutting a narrow strip from a
sheet of tin, brass, or copper, and bending it so
that it can be clipped around one of the radio
frequency coils, preferably that one preceding
the detector coil. This strip should not be more
than one-half inch wide and should extend only
about three-quarters of the way around the coil.
The degree of stabilization can be varied by
changing the size of the strip. The more metal
in the strip the greater will be the stabilization
attained in the circuit. Many methods of stabithis one. lization are in effect " losser" systems, as is
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S. KNOWLES

CABLE. s> PLUG
FOR SHORT- WAVE RECEPTION
The layout of parts for the short-wave adapter is simplicity itself, as this photograph
shows. By the use of the correct coils in the plug'in set, it makes available to the ordiri'
ary broadcast receiver the short wave-bands from about 8| to 200 meters

IN THE article on the a.c. R. B. "Lab" receiver in the June Radio Broadcast mention was made of the fact that special provision had been made for a very valuable adjunct, namely a short-wave receiver which would
extend the wavelength range of the set down to
16 meters.
The use of short waves has become increasingly
important during the past few years. At first
they were considered the playground of the amateur— a portion of the spectrum with which he
could amuse himself without interfering with
"serious" business. Since that time they have
showed such promise that they are in many instances replacing long-wave communication
channels.
An idea of what is being done in this respect
may be gained by glancing at the list of shortwave stations published in the May Radio
Broadcast, pages 44-46. This is the most complete and up-to-date list that has come to our
attention.
The receiver is simplicity itself. Like nearly all
of the present-day short-wave receivers it uses
a straight regenerative detector with no radiofrequency amplification. This is quite satisfactory because of the better field strength of the
short-wave stations at moderate and long distances. The factors involving the attenuation or

absorption of these waves are quite complex
and so far only a few generalizations have been
made, although a great deal of data has been
collected. It is interesting to note, however, that

certain bands are valuable for daylight transmission when frequencies employed for broadcast transmission are unsatisfactory.

t'l1 HE short-wave adapter described here can he
■*- used on any broadcast receiver, a.c- or d.coperated. This unit is especially designed to be used
with the a.c.-operated " Lab." receiver described in
our June issue by Mr. Knowles. With it you can
listen in the vast range of frequencies below 200
meters. It opens the "door" of your receiver and
enables you to listen-in on the thousands of stations
occupying a region which no broadcast-range set
can cover. It is easily possible to hear England,
Holland, and — at the proper time, before daylight
in the United States-, — Java and Australia. This is
not necessarily code reception, but voice and music.
This unit can be used on the " Lab" receiver, operated from a.c, but a six-volt battery must be used for
the filament: if used with a d.c. set, the regular
battery is pressed into additional service. Mr.
Knowles is now working on a long-wave attachment
for the '' Lab" receiver that will broaden its usefulness in another direction.153
— The Editor.

ALTHOUGH
the article
short-wave
adapter described in this
was especially
designed to be used in conjunction with the fourtube a.c. "Lab" receiver described in Radio
Broadcast for June, 1928, this unit can be used
with any receiver which now is used only for
broadcast reception on the usual wave-bands.
This article describes what slight circuit changes
are necessary when the present short-wave
adapter is plugged into the detector tube socket
of the a.c. "Lab" receiver; the instructions apply also to the use of the adapter in any other
a.c. operated set.
Those who have read of the experimental
broadcast transmissions now being made from
various stations in this country, in England,
Holland, Australia and elsewhere will find the
adapter described easy to build and successful
in operation. [Other articles published in Radio
Broadcast on short-wave receivers contain
interesting and useful information about what
is to be heard on these high-frequency channels.
The reader is especially referred to Lieutenant

this unit can be used with any set
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socket 90 degrees in a clockwise direction (when
viewed from the front). Such change will make
a better arrangement of the high-frequency
leads which should be well separated to minimize
their mutual capacity.
It is common practice to use a 250-mmfd.
condenser to control regeneration. The reason
for this is not quite clear since only half of the
capacity is normally used. The amount of capacity necessary will vary with the layout and with
the tube used but for the receiver described 100
mmfds. was found to be ample. For this reason a
"midget" condenser was used resulting in a saving of several dollars. At the point where the condenser isused, that is, near maximum capacity,
the rate of change of capacity per degree of rotation is lower than that for the usual logarithmic
type of plate so that control is very good.
THE J I2A AS A DETECTOR

FIG. I
A picture diagram showing exactly where the apparatus goes and how to connect it
Wenstrom's "The Cornet Multiwave Receiver"
in the June Radio Broadcast, page 77. — Editor.]
A standard set of three coils used in this receiver covers the bands between 17 and 107
meters. Other coils of the same type may be
secured which cover the bands from 107 to
more than 200 and from about 82 to 17 meters.
There are several respects in which the design
and construction of a short-wave regenerative
detector circuit differ from the type used at
broadcast frequencies. The principal problems
arise from the difficulty of securing good, stable
regeneration at the very high frequencies, say
more than 10 megacycles (less than 30 meters.)
This difficulty is due to a number of factors.
To secure close tuning and more particularly to
tune to the high frequencies with a reasonable
value of inductance the variable capacitances
must be small. This means that the stray circuit
capacitance and the inter-electrode capacitances
of the tube itself may be of the same order as
those used in tuning.
Dielectric losses increase with the square of
the frequency and these become important at
high frequencies. In many cases the advantage
of "debasing" the tubes lies not so much in a
reduction of the inter-electrode capacity as in a
decrease in the dielectric losses.
If a radio-frequency choke is to be a "universal" one it must be designed to have capacitative
admittance, that is, act as a capacity at all the
frequencies for which it is used. This follows
from the fact that if it were inductive and used
in a shunt plate-feed circuit this load would
make the circuit unstable. In a short-wave receiver atremendous frequency range must be
covered and this makes it difficult to insure a
high impedance at all frequencies.
Since most of the frequencies to be received
are very high, a low-capacity grid-condenser
may be used and a high-resistance leak is then
used
the "time
constant"andof therefore
the gridleak toandincrease
condenser
combination
the sensitivity.
In this receiver a neutralizing condenser of
the "fixed-adjustable" type is used. This has a
maximum capacity of 40 mmfds. At very high

A112A type tube is recommended. This has a
good detection coefficient, high mutual
conductance and requires no more filament current than the 201 a type. It is a better oscillator
even at high frequencies.
The calibration curves (Fig. 2) were made with
the antenna very loosely coupled. No universal
calibration curve could be plotted with close
coupling since the antenna characteristics theh
affect the tuning. The calibration also varies
slightly with different regeneration condenser

frequencies, the effective inTABLE
put capacity of the tube
Diam.
which shunts the tuning
COIL DATA
Tick.
condenser is high and this
Turns
Wavelength
40
21
decreases the maximum freSec.
No. 16
Space
20
1
3
quency that can be received.
No.
16
4
7
1
No.
16 per 10
This may be offset slightly
6
2
10inch
80
No.
Wire20
15
160
32
3
Primary
by reducing the grid conNo. 18
10
18
denser capacity at these fre16
7
turns
quencies. The reason for this
In
the
photograph
accompanying
this
article,
the
spaclies in the fact that the grid
ing of the turns is clearly indicated. The information
above is given for those who prefer to make their own
condenser and the tube cacoils and should be sufficient for the purpose. The coppacity are in series.
per wire used may be of any kind the builder may have
at hand.
The only point to watch
in the construction is the
mounting of the tuning condenser. The vernier dial has
a sleeve which goes through the panel and this settings but this is not serious. Different types of
alter the calibation due to the differmakes it necessary to mount the condenser it- tubes encealso
in effective input capacity.
self on small bushings.
The layout is clearly shown in the photograph.
To use this set with the a.c. R. B. "Lab"
It may be slightly improved by rotating the receiver, the following should be done: Break the
bulb and remove the elements from a ux or cx
type "dud" tube. Remove the leads by heating
the tips of the prongs with a soldering iron.
>
Solder a lead to either of the large prongs. Hold
the socket base in an inverted position with the
large prongs, which normally go to the filament,
toward you. The left hand small prong is then
<^KDKAEi
the one which goes to the P terminal and a lead
should be connected to it. This lead is connected
pcrimenlal
to the binding post which is connected to the
choke, that is, post 2 on Fig. 1 and 3. The other
WGY Exp erimental . ■England Holland
lead goes to the binding post next to it, Post 1
on Fig. 1 and 3. If the unit is to be used with a
Lab Circuit receiver whose filaments operate from
batteries the posts marked A minus and A plus
Jam
— i-r
< Nl PC J J ■
may be attached to leads which may be cabled
with the leads from posts marked 1 and 2 and
of course attached to the proper filament prongs
CONDENSER DEGREES
FIG. 2
Mr. Knowles's unit tunes as shown on this curve.
Different tubes and slightly different wiring will
naturally change these curves somewhat

of the tector
plugsocket.which
into the receiver's
deThus goes
all connections
to receiver
and batteries will be made when the plug is in
the correct socket. Unfortunately the a.c. tubes
modulate signals too much to make it possible to
use them in an oscillating receiver for code reception. With such connections utilizing the A-
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A SHORT-WAVE

ADAPTER

FOR

THE

R. B. LAB

RECEIVER

THE RECEIVER FOR WHICH THE ADAPTER WAS DESIGNED
The a. c. model of the R. B. Lab. receiver, for which the short-wave adapter described in
this article was especially designed, is shown above. This receiver was described in the
May number of Radio Broadcast. As explained in the article, the adapter may be used
with any other standard a.c. receiver.
battery connections 01 the receiver detector, the impedance of the audio amplifier looked .at carefully chosen for in the high-frequency chanAmperite will no longer be needed and may be from the detector tube. This would naturally
nels, slight differences in coil turns and condenser
shorted out or left out of the assembly.
size — differences from those suggested here,
result in poor low-frequency reproduction. The
Where only broadcasting is to be received and
choke offers sufficient impedance at all except
that is— greatly affect the tuning range. In
the set is not used in an oscillating condition it is the very high frequencies for good regeneration
Radio Broadcast, June, 1928, page 78, appossible to use a 227 type tube. In this case a 5- and has no effect on quality of reproduction.
peared data on some short-wave coils which can
prong socket is necessary and four flexible leads
be home-wound. See also, pages 13-14 of our
PARTS EMPLOYED
may be run to the receiver. Two should go from
May, 1928, issue for details of other home-made
the H pins of the plug to the filament binding
coils. — Editor]. Any other parts from well-known
posts, one from the P to the B plus and another
IN THE parts list which follows, the only manufacturers may be used, provided their
from the K to the blank binding post. The K
*the special
are the coils.
results,be respective electrical and mechanical charactercoil andparts
the condenser
used [For
with best
it should
terminal of the short-wave tube should then be
istics are similar to those given in the list.
grounded and the return to the receiver
secured through the common ground. A
Li 1 SetCoils.
(3) Hammarlund Short-Wave
227 type amperite should be used.
For intermittent operation, 8 dry cells
L2 1 No. 85 Hammarlund RadioFrequency Choke
connected in series-parallel will give very
Ci 1 .00014-Mfd. Hammarlund ML-i
satisfactory results with the 112A tube.
Condenser
Where, because of the layout or for any
C2 1 .0001-Mfd. Hammarlund MC-23
other reason, there is poor regeneration
Condenser
on the very high frequencies, a 10,000C3
1
Neutralizing
Condenser —.000050Hammarlund or Sangamo
ohm resistor (a Durham grid leak for exMfd. Fixed Condenser
ample) should be connected in series with
the choke. This increases the impedance
C4 1 0.5-Mfd. Parvolt Series A Condenser
of this circuit at these high frequencies
Ri 1 io-Megohm Durham Grid Leak
without introducing sufficient resistance
R2 1 Amperite Type iA
in the circuit to lower the plate voltage
1 Benjamin Socket
appreciably. Increasing the detector plate
1 Durham Grid-Leak Mount
voltage to 67.5 will result in better oscilla6 Eby Binding Posts
1
National Velvet Vernier Dial
tion too. It may be thought that omitting
the choke coil in the detector plate lead and
1 7 xPanel
12 x T3g Westinghouse Micarta
substituting a fixed resistance — such as is
1
10,000or 25,000-ohm resistor
often done in amateur code receivers —
FIG. 3
would result in as good a receiver at a
(optional)
reduced cost. This is true provided broadACCESSORIES
casting is not to be received, but the
In
many
amateur's
receivers
the
plate
choke
is
connected
on
10,000-or 25,000-ohm resistance, which is the plate side of the regeneration coil. Better oscillation control
1 CX-312A
tube
Six-volt filament
supply: storage
often used, offers appreciable impedance to is obtained by placing it at the ground end of the coil, as this
battery or 8 dry cells.
low voice frequencies in comparsion to the
diagram shows

FOR THE EXPERIMENTALLY INCLINED
A beat-frequency oscillator of the type shown here is one of the most valuable pieces of testing equipment that the home experimenter can have. This one is built entirely of standard
parts, with the exception of the home-made coils, which any radio fan can make for himself.
It employs two oscillating tubes, a detector and a stage of audio to raise the detector output
to the desired level.

By
COMBINING the factors of simplicity,
portability, and flexibility, a beatfrequency oscillator is a most useful
piece of apparatus to have in the laboratory. It
utilizes, as may be known, two radio-frequency
oscillators, one of which has its frequency varied
so as to yield in the audio range beat frequencies
with the other oscillator. A detector takes out
the audio components, and amplification as desired may be used to bring up the level of their
power. A range of audio frequencies of reasonable
purity from 30 to 10,000 cycles may be had with
adjustment of but one dial; an output of approximately 1volts
5
r.m.s. can be obtained using
only four tubes; and finally, the output over the
above mentioned range may be held constant
within ten per cent. Such an oscillator was constructed bythe writer for use in thesis work at
the University of Cincinnati; and constructional
data may be helpful to others who have use for a
similar instrument.
The selection of the radio frequency at which
the oscillators should work is made by compromise. Ifthe frequency carrier is low, it becomes
difficult to eliminate that frequency in the output
of the oscillator. The resistance-coupling between
detector and amplifier is capable of passing too
low a carrier frequency, and the ordinary vacuum
tube voltmeter is likewise capable of responding
to such a frequency, so that even at zero beat
between the radio-frequency oscillators, the
output meter shows a deflection. Increasing the
carrier frequency permits more perfect discrimination between it and the audio frequencies. On
the other hand, at high carrier frequencies, the
inherent coupling between the oscillators causes
"pulling." This means that, as the frequency of
one oscillator approaches that of the other, a
point is found where the two "pull" into synchronism, and the beat note disappears. The
point at which the oscillators pull into step may
be as high as two or three thousand cycles — -the
closer the coupling the higher is this frequency.
The carrier-frequency determined for the
particular oscillators was 175 kc. At this frequency, the magnitude of carrier present in the
output was less than one-tenth of a volt, the

G. F. LAMPKIN

A MOST convenient type of audio-frequency
*■ oscillator that anyone can make is what is
known as a "heat to frequency" oscillator. Two radio
frequencies heat together to produce an audio frequency note. This note is amplified and may he
used to test loud speakers, audio-frequency amplifiers, orfor bridge measurements of capacities and
inductances. All frequencies from ^ero to 10,000
are obtainable from a single dial.
Such an oscillator is described in this article by
Mr. Lampkin who is Baldwin Fellow in Electrical
Engineering at the University of Cincinnati. The
apparatus is such as may be found in any experimenter's laboratory: the only special part is
the coil — which anyone can make.
— The Editor.

lowest calibration of the vacuum-tube voltmeter
that was used. Only partial shielding is necessary
between the two oscillators to reduce the coupling to a point where the beat note can be lowered to 1 5 cycles without the occurrence of
pulling. Complete shielding was provided for,
however, with the idea in mind that the carrier
•40

55
Turns

.J ,;LU
FIG.- 5"—
I
Two coils of this type are used for the two oscillators. They should be made exactly alike in
dimensions. The wire used in all these coils is
No. 24 sec
156

frequency of the oscillators may be made to
cover the broadcast band — by means of another
coil, of course. At any particular radio frequency
setting for the one oscillator, the frequency of the
other is varied to either side by vernier control
to yield in effect a modulated radio frequency, so
that the instrument becomes a miniature broadcasting station for receiver testing. To this end,
provision is made for leading out the modulated
radio-frequency currents from one oscillator by
means of an external coupling coil to be connected to posts 1 and 3 on Fig. 2. Provision is
made also for exterior vernier control. Plug-in
coils in the oscillators make it possible to cover
other frequency ranges.
A FOUR-TUBE UNIT IS BEST
A N ATTEMPT was made to use one of the
oscillators also in the role of detector. The
beat-frequency oscillator thus used one radiofrequency oscillator, one oscillator-detector, and
one amplifier. The output voltage obtained from
such an instrument was comparatively low, and
varied in the ratio of four to one over the 100 to
10,000 cycle range. When the circuit was reconstructed to use a separate detector, the resulting
output of the device averaged three and a half
times larger than before, and was approximately
constant over the same frequency range as
above. In point of both magnitude of output
and constancy of output the inclusion of the
fourth tube is well worth while. Still more tubes
may be included as audio-frequency amplifiers
if it is desired to raise the level of the output.
However, the 1 5-volt output that can be obtained from four tubes is enough to give a fair
output when comparing and testing loud speakers, and it easily fulfills the requirements when
the user is measuring amplifiers, transformers,
and similar work.
The schematic for the beat-frequency oscillator
is presented in Fig. 2. The two radio-frequency
oscillators are made as alike as possible so that
changes in operating conditions will affect both
of them simultaneously. A tickler-feed-back^
oscillating circuit is used; a 0.002-mfd. fixed
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condenser, C3, and the variable tuning condenser,
Ci, are across only the grid coil, which allows
the rotor and end plates of the variable to be
grounded. The plate voltage is series-fed to the
tubes. The oscillator (VTi in Fig. 2) has the
tuned circuit opened at the filament end and
brought to a binding post on the panel (No. 1 in
Fig. 2) in order that the external coupling coil
can be connected for the dummy transmitter
use as outlined above. In normal work as a beatfrequency oscillator, terminals 1 and 2 are
shorted. From the same oscillator is brought out a
lead (No. 3 on Fig. 2) to a binding post where
an external vernier condenser of about 70 mmfd.
may be connected. The radio-frequencies from
the two oscillators are combined through the
18-turn pickup coils and impressed on the detector. Resistance-coupling is used into the final
amplifier tube because of its excellent response
on all frequencies. The tubes used are ux-20ia's
for the oscillators, a UX-200A detector and a ux1 12 a amplifier.
The panel drilling, coil dimensions, and other
constructional details are indicated in Fig. 1
and 3. An idea of the baseboard layout can
be gained from the photographs. The oscillators
are put at opposite ends of the panel, and the detector and amplifier occupy the smaller, 4^"
wide, compartment. The copper shielding is cut
to the given sizes and the panel sheet drilled so
that it is held to the panel by the apparatus.
The other sections are soldered in place. The top
and back sections of the shielding are used only
for the miniature-transmitter function, when
they are held in place by screws to the side
flanges. As the filament voltages are not critical,
they are all controlled by a single ten-ohm
rheostat, Rj. Other binding posts on the panel
are for battery-supply input, and for the audiofrequency output from the plate of the amplifier
tube.
The voltage output characteristic for the
finished oscillator is given in Fig. 4. It was taken
for the normal operating voltages of 90 volts B
supply to the oscillators and detector, 135 volts
B and 9 volts C-bias on the amplifier, and filament voltage at 5. The audio-frequency output
was measured with a vacuum-tube voltmeter
across a 10,000-ohm resistance in the output.
The B and C voltages for the amplifier tube are
chosen so that at no point does it overload. The
change in amplifier plate current from zero beat
to full output is negligible. The output is, as
may be seen, constant to within ten per cent,
over the entire range from 30 to 10,000 cycles.
The values of resistance R3, given in Fig. 2 for

A BEAT-FREQUENCY

OSCILLATOR

0.002 mfd
Shield

4 5
SCHEMATIC DIAGRAM
FIG. 2

+ A - +90 +135

Many times we have promised Radio Broadcast's readers an article on how to make an audio oscillator. This is the circuit — at last! It uses parts which are easily obtainable or home constructed

4 \ "-

FIG. 3
*4<1 iJ-U 1 £u - - 2 "■ -4« - - 2 - - -4. 1 %*<l %

1

-2k"-

The dimensions of Mr. Lampkin's oscillator panel are given here
the coupling unit, is rather important, and should
be adhered to if nearly constant output is desired. For instance, when the grid leak was
changed from .25 to 1 megohm, and other conditions unaltered, the output voltage at 300 cycles
was 18.2 and at 10,000 cycles 10.5 — a variation
of over 75 per cent.
LAYOUT OF THE APPARATUS
THE layout of the instrument calls for a
Cardwell type 192E, 0.0005-mfd. maximum,
taper-plate condenser for tuning each oscillator.

In operation of the instrument, one condenser is
set at or near zero dial reading, and the other
turned to give zero beat; in other words, the
second condenser is used for trimming. Then
from these settings the first condenser is varied
to give the beat frequencies. The beat, or audiofrequency calibration for settings of the 192E
condenser is plotted in Fig. 5. This beat curve
starts from zero beat at 5 on the dial. At the low
end of the spectrum the calibration is rather too
steep to permit of accurate setting at these frequencies. A Pilot straight-line-frequency con-

BEHIND THE PANEL
The two oscillators are at the left and right of the main panel. The detector and audio tubes
are mounted in the center. The shielding panels are cut and flanged from copper plate
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OUTPUT CHARACTERISTIC BEAT-FREQUENCY OSCILLATOR
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This beat-frequency oscillator has a characteristic that makes measurements with it an easy matter
— straight from below 40 to above 8000 cycles, and every cycle obtainable from a single dial!
denser of 70-mmfd. maximum capacity was used
as an external vernier to open up the lower range,
resulting in the dotted curve in Fig. 5,
The two Figures, 5, in which frequencies are
Y lotted logarithmically and 6, in which frequencies are plotted linearly, give a comparison of
the types of calibrations that may be expected
for various condensers. A National 0.0003-mfd.
semicircular plate — straight-line-capacity — condenser gives a frequency calibration that is linear
with respect to dial reading, as in the solid curve
of Fig. 6. Although the frequency of the oscillator
varies inversely as the square root of the capacity,
the tuning condenser is only a small portion of
the total capacity in the radio-frequency circuit.
Its variation swings the frequency over only a
small part of the capacity-frequency curve, and
to all intents the curve is linear over this small
portion. Plotted also in Fig. 6, for comparison
when using the linear frequency axis, are curves
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FIG. 5
The calibration curve of the oscillator can be
plotted in two ways; one way is with the frequencies plotted logarithmically, or in octaves,
as shown here

for the 0.0005-mfd. type 192E Cardwell and for
the Pilot 0.000070-mfd. straight-line-frequency
condenser which was used as an external vernier
condenser. The Cardwell condensers were used
in the writer's oscillator.
The frequency calibrations in all cases were
made by comparing the sound output of the
beat-frequency oscillator with standard frequencies from a Western Electric 8A oscillator.
One pair of phones was connected to the beatfrequency instrument and another pair to the 8A
oscillator. For any given setting of the standard,
the beat oscillator was brought to approximately
the same pitch and then tuned accurately by
listening to the beats between the two sounds.
As regards the purity of output, the beatfrequency oscillator seemed to be as good as
the Western Electric 8A. The most distinct
beats were found when the intensities of the two
sources were approximately equal.
Each time the apparatus is used the variable
oscillator is set at the dial setting arbitrarily
chosen as zero, and zero beat obtained by varying the trimming condenser, Q. This means that
the constancy of the calibration is dependent
primarily on the constancy of the tuningcondenser capacity. When a heavy condenser
with substantial bearings is used for tuning, the
accuracy to which the calibration may be used
is limited only by the closeness to which the
dial may be set. For the same reason, changes
in the various operating voltages have negligible
effect on the calibration; and it is not a hardship
when a tube, with which the instrument was
calibrated, is misplaced.
CALIBRATING WITH A PIANO
IT IS entirely possible to use a piano as a
* source of standard frequency when no other
source is available. The range from 30 to 4096
cycles may be covered in this way. Another
auxiliary audio-frequency oscillator may then be
set to the piano frequencies, and harmonics of it
picked out to calibrate the beat-frequency
oscillator in the 4000 to 10,000-cycle range. The
fundamental frequencies of the notes starting
from middle C, are: C 256, D 888, E 320, F 341,
G 384, A 487, B 880, and C 5 12. Notes an octave
higher are twice the frequency of the corresponding lower note; and likewise, notes an octave
low are half the frequency of the higher note.
[See
Laboratory Sheet No. 52, Radio Broad— Editor].
cast, Dec, 1926, for a chart of piano frequencies.
The oscillator is useful for comparison by ear
of loud speakers and other electro-acoustical

devices. Peaks and dips in the response stand
out when the input frequency is varied rapidly
over the spectrum, and upper- and lower-cutoff
frequencies may be approximately determined.
A 10,000-ohm potentiometer, such as is used as a
volume control, across the output of the oscillator allows any desired magnitude of audiofrequency voltage to be taken out for audiotransformer testing, determination of amplifier
characteristics, bridge measurements, and so on.
parts employed
THE
in the writer'sby oscillator
The parts
parts used
hot mentioned
name are follow.
not at
all critical and any standard make may be used.
The only special apparatus in the entire equipment are the coils which are described in Fig. 1
Ci 2 — Cardwell
taper-plate condensers type500-mmfd.
192E
4 — General Radio ux Sockets
G> 3 — 0.00025-mfd. fixed condensers with gridleak mounts
C3 4 — 0.002-mfd. Sangamo fixed condensers
C4 1 — 0.006-mfd. Sangamo fixed condensers.
8 — General Radio No. 8745 plugs and 874P
2 — lengths bakelite tubing, 55" x 35"
2 — 1 -megohm \
1 — 10-megohm Vmetallized resistors
2 — 0.25-megohm;
jacks
1 — Filament rheostat, 10-ohm
10 — Binding Posts
2— Bakelite dials, 4"
Shielding:
Seven square feet 1-64" copper sheet
Ri
R2
R-;
Ri

Sides
— 4 pes. 7" x 10" — Turn up \" flange all
around
Bottom — 1 pc. 10" x 20" — Turn up \" flange
all around
Top
Front— &1 pc.
Back9" —x 220"
pes. 5}" x 20"
1Baseboard
— Formica 9"panel
20"wire, screws, etc.
x 20"6" x xf",
The following tubes are required to put the
apparatus in operation:
2 201 A type for the oscillators
1 200A type for the detector
1 1 12A type for the amplifier
10,000
8000

MF. <^
TIONS
FRE( JUENCY CALIBR/
S.L.C. j

.6000
4000
2000

National
300 Mi
7

9/
1 J

*
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FIG. 6
The second manner of showing what frequencies
the oscillator grinds out — that is, where the frequencies are—plotted
"straight"
is shown
in this and
curvenot in octaves
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Radio Broadcast's Service Data Sheets on Manufactured Receivers
Al* C*
THE Grebe A C Six is a six-tube receiver designed for a.c. light socket operation. By light
socket operation is meant the use of a.c. tubes and
the use of A B and C power units.
The receiver employs three stages of tuned radiofrequency amplification, a non-regenerative detector and two stages of transformer-coupled audiofrequency amplification. In many respects, particularly in the tuning system, this receiver is very similar to the
standard
Synchrophase
receiver. Thedesign
antennaof the
circuit
is arranged
for use with
two lengths
of
antennas.
The
long
antenna
connection includes in series a capacity of .000225 mfds.
The proper.
short antenna
connectioncircuit
leads ofdirectly
to1 the
coil
The secondary
the antenna
coupler, that is, the input circuit of the first radiofrequency
tube,variation
is arranged
for inductance
a tapped inductor permitting
of the
tuned
by the first radio-frequency cond
e
n
s
e
r
.
I
n
this
manner
it
is
possible to compensate the effects of
various lengths of antennas and still
permit accurate operation of the
ganged condensers, which provide
single tuning control.
The tuning system employed in
the other stages is conventional and
employs the peculiar method used
by the engineers of the Grebe organization. Type 326 a.c. tubes are employed for the three radio-frequency
stages and the first audio-frequency
amplifier.ployed as the
A 327
type and
tubea is171em-as
detector
the output audio tube.
A novel
"local" and into
"distance"
switch
is incorporated
the set.
This shunts a resistance of 1 70 ohms
across the plate coil of the second
radio-frequency transformer, thus
broadening
the tuningresponse,
and permitting better sideband
with
consequent improvement in tone
quality.
For
distant
reception
this
fixed resistance is disconnected from
the circuit
with accompanying
increase of sensitivity
and selectivity.
The electrical
balance
in
the
filament circuit of the four 326s is
obtained by means of a variable
midtapped resistance across the
filament circuit. All the grid return
leads tioninof those
the receiver
with thetheexcepwhich convey
bias
voltages are connected to ground) and the midtap
of
this
(resistance
is
also
connected
to ground. Its
value is 27 ohms.
The volume control employed in the receiver is
a variable resistance of 2500 ohms placed in shunt
with the primary winding of the fourth tuned radio-

Six

THE RECEIVER IN ITS CABINET

HOW THE

PARTS ARE ARRANGED

frequency transformer. By manipulating this resistance itis possible to vary the amount of radiofrequency voltage generated across this coil and
transferred to the secondary, thence onto the grid
of the ment,
detector
tube. ofBytheemploying
this arrangethe filaments
various tubes
are not

disturbed
annoyance
"hum" due to an
unbalanced andfilament
circuit from
is avoided.
The power
consists
two separate
formers, one topacksupply
the offilament
voltagestransand
the other to supply the plate voltages of the tubes
by means of the rectifier tube. The electrical balance
of the various filament circuits, of which there are
three, a 1.5- for the 326s, a 2.25-volt for the 227, and
a 5-volt winding for the 171, is obtained by the use
of
a midtapped
acrossbe each
circuit.
Particular resistance
notice should
made filament
of the
fact that the 327 is now rated at 2.25 volts rather
than
volts,
much 2.5
longer
life. the previous rating. This permits
The
B
and
supplyemploying
is obtained
fullwave rectifying Csystem
a 380fromtubea with
aemployed
single section
"
brute
force"
filter.
The
condensers
in the filter are of 4 and 5 mfd. each. The
dividingOneresistance
ofvoltage
six sections.
resistanceconsists
E of
750 ohms reduces the eliminator
voltage
to
the
required
180
volts.
Another resistance F of 2800 ohms
reduces the voltage to 100 for the
first audio and the three radio-freplates.
ance quency
G of tube5900
ohmsAnother
reducesresistthe
voltage to the prescribed 45 volts.
The 4.5 volts negative C bias applied to the gridstheof first
the three
radioaudiovoltage
tube
isfrequency
obtained and
by means of the
drop across the resistance I of 95
ohms. The gridlbias for the 171 is
obtained by means of the additional
drop across
the resistance
of 695
ohms.
The receiver
is a singleJ tuning
control affair with an antenna compensating control. The primary
power
circuit
is arranged
for 110Theor
120
volt
60
cycle
a.c. supply.
"on" and "off"
switch
controlling
the operation
receiver is locatedof onthe thecomplete
face of the
panel,
between
the
tuning
and
the
volume control drums. The tuning
dial is graduated in kilocycles. No
method of coupling the speaker to
the output tube is provided, that is
to say, binding posts are provided
but one
permit
the current of 20should;
mils not
to flow
through
the
speaker. Any transformer designed
for use with the 171 or any chokecondenser combination of suitable electrical values
will be sufficient.
The power unit is contained within the cabinet
which houses
receivertubeproper,
but all units
inclusive of the therectifier
are contained
within
shields.

CIRCUIT OF THE GREBE A. C. SIX. THE POWER UNIT IS INCLUDED
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Radio Broadcast's Service Data Sheets on Manufactured Receivers
A.
npHE
Kolster
6K A.C. receiver
is an
example
of conventional
a.c. receiver
design
the standard
a.c. tube.utilizing
The receiver
consists types
of threeof
stages of tuned radio-frequency amplification, a non-regenerative detector
and two stages of transformer-coupled
audio. The tuned radio-frequency stages
are of two types. The input stage consisting of a tapped primary inductance
coupled to a variometer which in turn is
tuned bydenser.means
a shuntradiovariable
conThe otherof three
frequency
stages are of the conventional type,
utilizing fixed primary and secondary
inductances and tuned by variable condensers. Stabilization of the radio-frequency system isin effected
employ-of
ing resistances
the gridbycircuits
the
radio-frequency
tubes.
These
grid
suppressor resistances are of the order
of 800 ohms each. The three radio-frequency and first audio tubes are cx-326.
The detector is a C-327 and the second
audio is a cx-371. The detector utilizes
the gridment; thecondenser
and being
leak ofarrangegrid condenser
.00025
mfd. capacity and the grid leak of 2
megohms.
The power supply for this receiver is
a full-wave rectifying system employing
a cx-380 tube. The power transformer
consists of five secondary windings and
a tapped primary winding suitable for
various line voltages operating at 60
cycles a.c. The five secondary windings supplyforfiveeach
voltsplate
for of
the thecx-380,
300 volts
rectifying tube,
2\ volts for the detector, 5 volts for the CX-371
power
tube,
and
\\
volts
for
the
cx-326.
tapped transformer winding is employed A incenterorder
to obtain the electrical balance in the filament circuit of the c-327 tube. The electrical balance in the

A VIEW BEHIND THE PANEL
326 tubemetercircuit
is obtained
by meanscircuit
of a potentioshunted across
the filament
with the
center
tap
connected
to
the
B-minus.
filter
system of the rectifier consists of a twoThesection
"brute
force"
choke
and
condenser
arrangement.
The condensers used in the filter are of 2 mfd. each.

July, 1928.

G
A four-sect ion voltage divider resistance
isj employed
the various
voltages tofromobtain
The out180
volts putnecessary
forthetherectifier.
power tube
are
obtained
tappingThethevoltage
mid-section
the rectifierby filter.
drop ofin
the rectifier output occasioned by the
drain ance
across
reducesthethe voltage
output divider
voltageresistto a
value suitable to the application of the
plate of the three r.f. amplifiers and
the first a.f. amplifier. These four tubes
receive like values of plate voltage. A
3000-ohm
is employed
duce the resistance
rectifier output
voltage totore-a
value suitable for the detector plate
voltage. A 220-ohm resistance is employed to produce a C voltage which
is applied to all tubes other than the
output
power
tube.byThemeans
C-biasof another
for this
tube is obtained
resistance of 910 ohms located within
the power
unit. Control
r.f. and
first
a.f. filament
is madeof the
possible
by
means of a rheostat rated at 0.2 ohm in
series with the TJ-volt filament windthe outputing.tubeThebyspeaker
means isofcoupled
a choke tocondenser
system where the condenser is of 2 mfd
capacity.
light mounted
the front The
panelpanel
is operated
by meanson
of the power switch and the filament
potential which
is obtained
five-volt
winding
suppliesfromthe thepower
tube
filament. The filament leads for the
powe' tub,- and the cx- 326 tubes and the
B and C voltage leads for all tubes other
than the power tube are contained in one cable.
The photograph
the parts
lay-out
the receiver exclusive of shows
the power
system.
The ofreceiver
is equipped
with
a
single
tuning
control.
Supplementing this for
control,
however,
is another in the form of a
vernier
the r.f.
input system.
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IT DOES a man good to theorize, once in a
while, on a subject about which he really
knows little. It may not benefit anyone else,
but every writer is entitled to such holidays.
Writing with a considerable degree of knowledge
and experience is deadening to the spirit. I, for
example, am an engineer in the ways of broadcasting. Iam not risking much when I recite
Ohm's Law for the customers or tell them they
should not use 378-W microphones for paperweights. That is not to say that I know all about
,
things,
such
but give
I can'tme help
and the readers
benefit ofsomething
whatever
the knowing
doubt there is, sometimes, even, with more confidence in the accuracy of my opinions than I
have myself. But concerning broadcast programs
I know nothing. I have never composed one; I
have never even sat in the same office with any
of the lyric poets who are entrusted with this
duty.
Usually I do not cogitate particularly about
programs. I am satisfied if they leap from the
antennas with reasonable fidelity and no interruptions. What got me to thinking about them
was an evening (and morning) I happened to
spend at a Russian cabaret on Lenox Avenue in
New York. Not being a connoisseur of cabarets,
1 did not find the place for myself; some friends
took me there. It was a small place in a very ordinary neighborhood, with tables ranged closely
along the walls, a two-by-four dance floor, and
grotesque frescoes of moujiks in blouses. The
patrons were mostly Russians, with an admixture
of Americans, including the handsome young cops
on the near-by beats, who, in civies, appeared
around 2 A. M. with their girls. At one end of the
room a small platform held an upright piano,
competently played by a faded lady in an evening gown. She accompanied, by turns, a violinist
and a baritone. The violinist played numbers
which, with some exceptions, I had heard often
enough on the radio. The songs offered by the
baritone, however, were novelties to me — native
Russian melodies which were sweet in my jaded
ears, calloused by thousands of repetitions of
the "Song of the Volga Boatmen" — I wish to
God they could be sunk five fathoms deep in
their river if there is no other way of suppressing
their chantey. Later an accordion player, who
records for one of the phonograph companies,
performed on his instrument with an astonishing
virtuosity. Sitting at a table opposite a girl, this
man could make violent love simply by looking
at the object of his admiration and playing the
accordion, sometimes with wistful softness,
sometimes with violent crashes which, in the
small room, sounded like the swells of Roxy's
organ. The customers joined in the choruses, and
I am bound to say that everybody seemed to be
having a nicer time — and at less expense — than
at any of the Broadway clubs where I have left
two days' salary. It was interesting to see how
naturally all these different people — the Russian
emigres, the young Irish-American patrolmen, a
few people from the phonograph companies,
some normally hard-boiled business men, and a
scattering of nondescripts, were able to have a
good time together. And they were able to have
it with much less drinking than in average night
clubs. It was this apparent community of interest
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which made me thinkoi radio program technique.
Here a lot of Russians, ordinary U. S. business
men, the constables and their girls, were all
having a good time in an exotic milieu as far removed from the usual scenes of radio as anything
I could imagine. It made me wonder whether the
program managers do not underestimate the
flexibility of their audiences, whether their fear
that any offering which is not the radio equivalent of the Saturday Evening Post must fail is
altogether justified.
Of course, I can see why the program concoctors feel they must play safe. Radio programs are
essentially a means of cultivating public friendship, of acquiring the good will of a large number
of people. The idea is to give the public what it
wants and not to offend it. What the public
wants is an indefinite quantity; the business of
the show business is constantly to try out things
and see whether the public likes them or not.
You succeed and make money, or you fail and
lose money. Nobody knew that the public, or a
section of it, would want "What Price Glory"
and pay $3.85 per individual to see it, but that
turned out to be the case, luckily for Messrs.
Stallings, Anderson, and Hopkins. But the break
might just as easily have gone the other way.
If, then, you can draw on a large body of material which is fairly certain to have general
appeal and not to hurt anyone's feelings, you are
doing the wise thing from the commercial standpoint. Such a body of material exists. It is based
on the primal occupations of ordinary human
beings. A girl with a charming voice singing
"Thank God for a Garden" will offend no one
but a few atheists, and it may afford a mild
pleasure to a lot of listeners who like gardens,
sweet voices, and tunes they have heard before.
The "Four Indian Love Lyrics," the Barcarolle
from the "Tales of Hoffman," "O, Promise Me"
and a few thousand other things are in the same
category. The broadcasters, with occasional exceptions, inevitably slide into that category.
Why should they monkey with dangerous artistic
creations which, while they are new, are likely
to arouse passions and interfere, perhaps, with
the sale of goods. Walter Damrosch told us over
the radio the other night that when his father
first conducted the "Ride of the Valkyrie" half
the audience hooted and whistled and the piece
had to be played over again. At the premiere of
The Playboy of the Western World there was a

riot. Walt Whitman lost his job because he wrote
Leaves of Grass. So we stick to "My Blue
Heaven" and "My Ohio Home." "Old Black
Joe" is nice, too.
But there is always the specter of boredom in
the background. Nothing venture, nothing have.
As a relative outsider, I am unable to say how
much should be ventured. I would suggest, however, that both extremes are dangerous. Certainly
I am far from arguing that radio broadcasting
should become an experimental theater for any
of the arts. There is not the slightest chance of
such a move being made or of its succeeding if
anyone has the istemerity
to make it.'the
But more
extremeso
conservatism
also dangerous,
because it presents a deceptive appearance of
security. What does the broadcaster gain by
providing a musical background for home conversation about the stock market, automobile
accidents, and golf? An intermediate position
would seem to be most rational for broadcasters
who want to plan for the future rather than to
let the future do what it likes with them. A lot
of interesting novelties could be dug up by a
broadcaster who wanted to scout around in
places like the Russian cabaret I described.
Properly staged, some of those gypsy songs
might
haven't gotheover
ideasbetter
myself;than
I am"Annie
simply Laurie."
expressingI
the feeling that the material is there and is being
neglected because the people doing the job are
afraid to go off the beaten track. Or take a literary instance. Has anybody ever tried radiodramatizing Conrad's The Shadow Line? It
contains in the story of an ill-starred sea voyage
a matchless description of the bravery of a young
sailor during the hours of danger, and his collapse
when safety has been reached, because he has a
weak heart and is afraid he will die — he who
faced death intrepidly from the outside cannot
face it from the inside. If part of that novel
cannot be done successfully on the radio, plenty
of others in its class can be done — but as things
now stand such attempts are seldom even considered. The nearest approach to it I can think
of is the Eveready portrayal of a somewhat inebriated young woman acting up in a night club.
The world contains enough interesting situations,
stories, and music to make radio programs more
alive than most of them are, but we must get
rid of a good deal of our caution, our fear for our
incomes, and our Pecksniffian ideas before we can
utilize them. That will not be, I suspect, until
we have to utilize them, but that day may be
nearer than some of the brethren realize.
Design and Operation of Broadcast
Stations
21.
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Water-Cooled Vacuum Tubes

into
falls each
vacuum tube
led converters
water-coo
THE
the class
of energy
in which
unit is required to handle so much power
that its interna] losses endanger its further existence. Lost power, in general, must be dissipated as heat. Usually by making the machine
large enough we can keep the temperature rise
within safe limits, but it is often more convenient
to make the dimensions relatively small and to
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use special means of cooling. Water and air are
generally used cooling agents, sometimes without special means to secure motion, as in the
ordinary small vacuum tube which radiates heat
like an electric lamp, sometimes with forced air
cooling, as when a fan is directed on a hot bearing, and sometimes, as in the water-cooled vacuum tube, in the form of a stream of water
constantly pumped past the surface which requires cooling. The last means is the most effective and also the most elaborate and inconvenient. It has the added disadvantage that, once
the apparatus is designed to rely on it, the flow
of cooling liquid must be maintained whenever
the power is on, or destruction of the unit will
result.
Fig. 2 is a sketch of a water-cooled vacuum
tube. Looked at from the outside such a tube is
about half glass and half metal. The cathode or
filament end is glass. At this end the filament
leads are brought out, and generally the grid
lead issues along the side of the glass cylinder a
few inches below the filament terminals. The
anode or plate is the portion of a tube which gets
hottest from the electron bombardment, as may
be seen in a radiation — or air-cooled — tube when
the metal of the plate becomes red hot. The obvious device is then to make the anode a part
of the vacuum-enclosing wall of the tube and to
cool it on the outside by running water over it.
The lower half of the tube shown is, accordingly,
the plate itself in the form of a hollow cylinder,
with the grid and filament inside. This construction entails an air-tight seal between the glass
and metal, and until the development of such
seals to commercial practicability, water-cooled
vacuum tubes could not be built. A tube is conceivable inwhich the entireouter container would
act as the anode and the filament and grid leads
would be brought out through hermetically
sealed insulating bushings, but to make such
outlets air-tight and at the same time capable of
standing up under thousands of volts potential
between the leads and the metal of the platecontainer would be an excessively difficult job.
The practicable form of the water-cooled tube is
that shown, in which a glass cylinder is used to
support the low tension elements and to bring
out conductors from them safely, and the water
surrounds the metal anode only.
In the water-cooled tube all three methods of
transfer of heat mentioned in physics courses —
conduction, convection, and radiation — are active. Heat is radiated from the outside of the
tube and water-jacket, and within the waterjacket convection takes place, as well as direct
conduction from the hot metal of the anode to
the water. The last mode of transfer predominates and the tube cannot survive unless it is
kept "up. Water is not the only possible cooling
liquid for vacuum tubes. Other non-conducting
or very poorly conducting liquids may be used;
oil, in fact, is superior in some instances, as at
very high radio frequencies.
The weakest portions of a vacuum tube are
naturally the seals, and, in a water-cooled unit,
especially the anode seal, because of its special
construction and large size. The principle used
is to make the metal at the seal very thin (a few
thousandths of an inch) and soft, so that it will
adhere to the hot glass in cooling, during the
process of manufacture. This leaves a highly
vulnerable belt at this point, where a break or
puncture may readily be caused.
Usually one side of the filament in these large
tubes is at ground potential, and the plate is
maintained at a positive potential of several
thousand volts. The tube plates must accordingly
be insulated from the ground, but as the water
supply system, containing tanks and mains, is
normally grounded, it becomes necessary to use
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FIG. 2
some special device to insulate the anodes while
supplying water to them. This is accomplished
by the use of such long columns of water in hose
made of insulating material that the resistance is
of the order of a megohm. Usually it is convenient to wind the length of hose required around
a cylindrical form; such water coils, as they are
called, are one of the principal outward features
of large vacuum tube transmitters. The length of
hose needed depends, of course, on the specific
resistance of the water; fifteen feet for each tube
is a common length.
Fig. i illustrates schematically the layout of
such a cooling system, showing a vacuum tube,
its water jacket surrounding the anode, the water
coil, a pump for maintaining the water flow,
and a radiator for cooling the water before it
returns to the anode. Any of the methods of
water cooling used in steam plants, such as cooling towers in which the water falls successively
into vertically arranged troughs, or cooling ponds
with or without sprays, are applicable to radio
transmitters requiring special cooling measures.
When the cooling system is closed the same water may be used over and over. Such circulatory
systems are of course essential when the cooling
fluid is too expensive to be wasted, as in the
case of distilled water. If a plentiful supply of
suitable water under sufficient pressure is available an open system is less expensive. For example, aradio station might take water from a river
sufficiently far upstream to get the required head
and then discharge it through a tail race like
that of a hydro-electric power plant. In some
instances radio stations get cooling water from
city water supply systems. But water from the
usual sources, even if it is clean, apparently free
from suspended matter, and drinkable, may not
be useful for cooling vacuum tubes. Impurities in
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the water may cause the formation of scale on
the outside of the hot anode, as in boiler tubes.
But in the case of a vacuum tube, this deposit is
much more serious, because it interferes with the
rapid transfer of heat from the plate to the water
stream and results in gassing and destruction of
the tubes. The rate of deposition of scale depends
on the chemicals in the water, the temperature
of the anode, and the rate of flow of the water;
for a given quality of water more scale is deposited in a given time as the temperature increases.
Hence, in modern water-jacket design rapid water
flow is the objective; a relatively thin stream is
shot past the plates. Soft or distilled water is
much to be preferred to hard water for radio
cooling purposes. The suitability of the water
may be determined by analysis. The table below
shows the chemical content held in solution in
the cooling water of four different radio stations:
GRAINS PER GALLONNone
SUBSTANCE
1
2
3
4
4.73
None 0.26 3.85
0.45
Calcium carbonate
Trace None
Calcium sulphate
None
None
2.76
Sodium carbonate
None
3.91
Sodium sulphate
3.09 None
0.28 0.24 0.67
Sodium chloride
1.02
1.02
0.85
None
Sodium
nitratesand potassium 0.41
0.None
19 0.47
1.37
0.13
None
1.68
None
Magnesium
carbonate
0.76
Magnesium
sulphate
Trace Trace
Aluminum
and iron
oxides
0.36 Trace
0.17
Silica
0.15
16.1.2211 5.38 0.81
Total
7.62 1.74
Specimen No 1 came from the water supply of
a mid-western town, and the station using it had
a poor tube record as might be expected. The
second and third samples were from wells, and
the stations using them were only a few miles
apart in the eastern part of the country. Although
the total grains per gallon figures are not so far
apart for the two, it will be noticed that the distribution among the substances listed is quite
different. These two samples are probably average, and each deposited considerable scale under
normal operating conditions. Specimen No. 4
came from a spring near by. As far as these salts
go it is almost as good as distilled water. However, organic matter is also found and may play
a considerable part in the deposition, as was
shown in one case where scale formed rapidly
during the summer and more moderately during
the winter, although the difference in operating
temperature was not enough to explain the effect.
When all is said and done the best course, with
tube prices what they are, is to use a closed circulatory system employing distilled water.
The temperature of the water is usually measured at two points on each frame before and
after it has passed the anodes. Tube manufacturers generally specify an outlet temperature of
70 degrees Centigrade as the limit. As a matter
of fact this is much too high for the best conditions of operation, especially by broadcast standards. A figure around 30 degrees Centigrade is
more to be desired. If the flow is adequate the
inlet and outlet temperatures will not differ by
more than five degrees Centigrade.
When the temperature and composition of the
cooling water are such that scale deposition
cannot be avoided, the only remedy is to institute aregular cleaning schedule for the anodes.
Dilute hydrochloric acid in a four-to-one solution
may be used. Each tube must be removed from
the transmitter periodically and the anode immersed inthis solution, which may be held in a
stone or crockery container. If the scale forms
rapidly each tube must be cleaned once a week
or even oftener. Such frequent removal of the
tubes from the transmitter entails added danger
of breakage. The acid may be run through the
water jackets to obviate this, but of course it
must be thoroughly washed out before power is
again applied to the set.
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r quest for greater volume
THE popula
generally leads to a multiplicity of tubes
which add to the cost and complication
of the receiver while opening the way to various
troubles difficult to overcome. An amplifier which
adds the effect of more tubes, without the tubes,
forms an interesting and worth-while solution of
the problem.
This unit is of the two-stage type and in its
first stage uses one of the new screen-grid tubes
as a space-charge amplifier connected to the
power tube through a Z-coupler, a device which
consists of two high-impedance windings built
on two separate cores and placed within one case.
As employed in this amplifier, the inner grid
of the tube takes no part in handling the signal
but is used solely to reduce the effect of the space
charge around the filament. This space charge,
which in other tubes strongly opposes the flow
of electrons between filament and plate, is a
negative charge. By maintaining the inner grid,
near the filament, at a rather strong positive
voltage, the troublesome space charge is reduced
and the amplification is greatly increased.
The outer grid, which almost completely surrounds the plate, is used as a control grid and
receives the voltage changes which represent the
signal to be amplified. Such use of the two grids
is the reverse of the practice followed when the
tube is used as a screen-grid amplifier.
With a strong voltage from the detector stage
almost any audio amplifier will deliver all the
voltage a power tube will handle with only moderate amplification in the first audio stage. But
with a weak signal and correspondingly weak
voltages from the detector, this moderate amplification wil not be sufficient to produce good
loud speaker volume. It is under such conditions
the space-charge amplifier stage affords real
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HOW THE INSTRUMENTS ARE MOUNTED

THE new screen-grid tube may be used in two
ways, one as a screen-grid amplifier at radio
frequencies, the other as a space-charge tube at
audio frequencies. So far as we know this is the
first description of an amplifier using this tube as
a space-charge audio-frequency amplifier. A unit
built in the Laboratory and operated from d.c.
shows a good low-frequency characteristic, but fell
off somewhat above 2000 cycles due to the high
input capacity of the screen-grid tube. The ratio of
voltage {across 4000 ohms) in the output to the
input 0.1 volt at 1000 cycles, was 240, which indicates avoltage step-up in the system from input to
the grid of the power tube of 120, compared to 72
which is the step-up in the average two-stage
transformer-coupled amplifier.
The Thordarson amplifier power-supply illustrated here when tested in the Laboratory had a
tendency to motorboat which was corrected by connecting a25,000-ohm resistance in the 45-volt lead
and by passing it to ground as shown in the circuit
diagram. Owing to the fact that the entire unit is
built in a rather small space, the output is not too
free of hum, and the experimenter is advised to
arrange his apparatus with a little
moreEditor.
room be■— The
tween parts.

improvement because it steps up the weak voltage and delivers a comparatively strong impulse
to the power tube's grid.
FACTORS DETERMINING 1VOLUME
IN OUTPUT
63
AS IS well known, the effective or overall
amplification of any tube and its coupling
device depends not only on the amplification
factor of the tube but also on the amount of
impedance in the external circuit of the tube.

Using the 222 type tube as a space-charge
amplifier it is found to have a plate impedance
of about 125,000 ohms and an amplification
factor of approximately one hundred. The
greater the external impedance, the greater will
be the proportion of this theoretical amplification
actually realized and impressed as grid voltage
on the power tube.
The required high impedance for the external
plate circuit is secured from one winding of the
Z-coupler, connected between the plate of the
space-charge tube and the plate current supply
for that tube. The other winding is placed between the grid of the power tube and the filament circuit of that tube. The a.c. voltage
variations across the plate circuit winding are
passed on to the grid of the power tube through
a coupling condenser, C3, in Fig. I.
With an impedance type of coupling using a
resistance grid-leak there is a decided tendency
for the power tube's grid to block on strong
signals. The second coupler winding, connected
between the power tube grid and the filament
circuit, provides an escape for the excessive collection of electrons which produce the blocking.
It has a relatively high impedance and comparatively low d.c. resistance.
Heretofore, the screen-grid tube has been used
chiefly in radio-frequency amplifiers, and then
with the screen-grid method of connection. The
screen-grid connection is especially favorable
for such use because it reduces the tube's gridplate capacity and lessens the consequent internal feedback. In audio-frequency amplification,
this capacity is of comparatively little importance
and using the tube as a space-charge device
secures advantages which are especially desired
for this kind of work. As a space-charge amplifier,
the tube is free from a tendency to howl which,
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tube is secured from a part of the voltagedividing resistance, Ri. The inner, or spacecharge grid, is supplied with a positive charge of
approximately twenty-two volts through the
10,000-ohm
five
volt line.resistor, R4, connected to the fortyThere are six binding posts. One is for a connection to the detector tube plate, two are for
A-battery connections and the remaining three
provide connections at 135 volts, 90 volts and
45 volts for a radio-frequency amplifier of any
In utilizing this amplifier with a previously
type. radio-frequency system no additional conbuilt
trols are required. Volume is controlled from the
radio frequency end of the combination.
PARTS LIST
Ti
T2
T3

C3
C4

i Thordarson Z-Coupler, T-2909
1 Thordarson A. F. transformer, R-300
1 Thordarson speaker coupling transformer, R-76
1 Thordarson power compact, R-171
1 Thordarson-Ward Leonard resistance
unit
tional)R-508-1
1 Dubilier
B-block, R-171
1 Dubilier fixed condenser 2 mfd. (optional) fixed condenser, \ mfd.
1 Dubiler
1 Dubilier fixed condenser, 1 mfd. (op-

R2
R3
R4
R6

1
1
1
2

P
Ri
Ci
C2

FIG. I
The resistance, R5, and the2.o-mfd. condenser on the receiver side of it, C2, is a trap into which motorboating tendencies fall. It is applicable to resistance-and impedance-coupled audio amplifiers and
was first described in April Radio Broadcast. The one-mfd. condenser, C4, from the 135-volt tap to
ground may not be necessary. The Thordarson engineers state that a 0.02 mfd. condenser at C3 will
cause the circuit to amplify still more at 90 cycles without decreasing the high frequencies
using a screen-grid connection, is sometimes
produced by a microphonic feedback from the
loud speaker.
USES OF THIS AMPLIFIER
THIS amplifier has been developed primarily
as a replacement unit for use with a radiofrequency system which, with its original audio
amplifier, does not produce sufficient output to
deliver good loud speaker volume on weak incoming signals.
The conaplete device includes a two-stage
audio-frequency amplifier and also a B powersupply unit capable of handling not only the
audio-frequency requirements but several radiofrequency tubes and a detector as well. It will
take the place of the audio-frequency system in
any existing receiver when connected to the output or plate terminal of the detector. The spacecharge tube takes only one eighth ampere of
filament current, which may be furnished by an
A-battery of either the storage or dry cell type.
The audio-frequency amplifier uses transformer coupling between the detector tube and
the space-charge tube. The Z-coupIer is used
between the space-charge tube and the power
tube. Direct current is kept out of the speaker
by a coupling transformer which follows the
power tube.
The power unit for this amplifier includes a
"compact,"
P, having
a transformer,
filter
chokes and two
buffer condensers
for thetworectifier
tube, all within one case. In addition to the high
voltage winding on the transformer there is also
a center-tapped filament winding for the power
tube. The condenser block contains filter condensers and also the two 90- and 45-voIt tap
bypass condensers, Q and C3. An additional 1.0-

mfd. condenser may be necessary across the
135 volt top as indicated on Fig. 1 and if the
25,000 ohm anti-motorboat resistor is used, it
needs a 2.0-mfd. condenser. These are not shown
on the photographs.
All plate voltages are secured from a single
voltage-dividing resistance unit, Ri, having taps
at the proper places. Grid bias for the spacecharge tube is secured by the drop across the
filament resistor, R2. Grid bias for the power
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VT2
VTi
VT3

Yaxley 10-ohm filament resistor
Yaxley 1 5-ohm filament resistor
Ward Leonard 10,000-ohm resistor
Ward Leonard Resistance 25,000-ohms
(optional)cushion sockets, 9044
3 Benjamin
1 Yaxley switch s. p. s. t.
6 X-LB +bakelite
top push posts (Input,
A + 45)
B— , A—, B + 135, B + 90,
1 Power tube, UX-171A or CX-371A
1 Screen grid tube, ux-222 or cx-322
1 Raytheon bh rectifier tube

[The only special part in the above list is the
Thordarson Z-coupler. Naturally, any dependable input and output transformer or condensers
may be used, provided they are electrically
similar to what the author specifies. The resistors must have the correct resistance and
be able to dissipate the proper amount of
heat. Readers may obtain the manufacturer's
literature in this amplifier from Radio Broadcast or from the manufacturer direct — Editor.l

The Listener's Point of View
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'E HAVE recently received an announcement— now old news, but still
W!
good news — which we consider the
most significant manifesto so far issued in the
history of radio in America. Significant and important in spite of the fact that probably not
more than one out of a dozen readers of these
lines will ever hear one of the programs promised
in the announcement.
The long heralded course of music education
programs by Walter Damrosch is now assured
and will definitely commence next fall. A series
of twenty-four educational orchestral concerts
will be broadcast beginning October 26. The
Radio Corporation of America is sponsoring the
series, which will be given Friday mornings at
11 o'clock Eastern Standard Time. It is planned
to use twenty-eight stations, the Blue Network
and associated stations, covering the entire
country between the Atlantic Ocean and the
Rocky Mountains. The concerts will be received
in the class rooms of both grammar and high
schools and the hopes are to reach an audience
of from twelve to fifteen million children.
We claim that the announcement is an important one in spite of the fact that it doesn't
mean a whoop, personally, to either you or ourself. We shall both, doubtless, be far
removed from radio loud speakers at 1 1
o'clock of Friday mornings. Its significance lies in the fact that it is really the
first move toward making radio a definitely educational factor in this country.
There have been sporadic attempts at
educating by radio before, but none on
more than a local scale, and none of any
very efficient organization.
We do not intend to slight the fact
that radio has already proven its worth as
an informational medium. Under this
heading comes its vast service to farmers
in giving them market and weather reports and other valuable information.
But the RCA Music Education Hour is
in our opinion the first radio service which
can honestly be labeled educational. In a
history of radio written fifty years hence,
its inception will constitute one of the
first important early chapters.
• Its purpose, according to Mr. Damrosch, will be
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time to formulate a list of about twelve questions
for each program which will embody the principal
points of my explanatory comments, and which
will be sent to all the schools connected with us
by radio, so that the teachers may use these
questions, all or in part, some time after each
concert. We will also send the proper answers to
these questions for the use of the teachers only,
and follow these answers by additional information which the teachers can impart to their pupils
at their discretion."
A New

WILL

Plan for School Broadcasts

s at
been various
have courses
RE sting
THEbroadca
other attempt
than music
ation.
appreci
There is hardly a single
branch of learning that hasn't been
essayed at
some time or other. These attempts, as we have
made known in these columns before, have filled
us with large snorts of derisive laughter. We
cannot be convinced that any of them have
been of any great value. We doubt if radio home
study courses will ever prove much; they offer
no points of superiority over extension courses
such as are now offered through other agencies,
or home-study from books.
But the use of radio as an adjunct to theor-

other words, that radio may give every teacher
valuable
assistancehasin attacked
the class theroom."
This committee
problem in an
expert fashion and has carried it to the point
where it is a definite plan to accept or reject.
However, its acceptance or rejection is entirely in
the hands of the educators. The radio structure
is ready to be employed provided the more
difficult educational problems are solved. This
preliminary committee has very well anticipated
most of the problems — probably by consulting
the British Broadcasting Corporation, which has
had several years' experience in such broadcasting— and has answered in advance most of the
possible objections. A few of the objections are
answered thuswise:
1. Curriculum already too full!
Not a single branch will be added. The Plan
merely substitutes occasional expert instruction in
certain studies and presentations by great national
leaders, the living leaders whom succeeding generations will study about in text books.
2. Instructions cannot be given satisfactorily over the radio, because: —
(a) the loud speaker lacks the personality of a teacher — the flash of
the eye, the smile, the frown, the
gesture.
It cannot
tion of the
pupil. hold the atten-

// can hold the attention. Experience
proves that it can, not only during the novelty period, but whenever the broadcasting is
properly done. The teacher does not leave
the room. She is on hand — her personality
is as effective as ever and her time is free to
follow the lesson with pointer to map, with
notes on the blackboard, with supervision
in the doing of things in which the radio
instructor may be guiding the class.
It is not a substitution — it is adding an
assistant to the teacher staff — there is no excuse for a flagging of interest, but every reason jor two teachers accomplishing more
than one.
3. It lacks the socializing-value of the
regular teacher's conduct of a
lesson.
Again a misimpression. The teacher is
present, and has more time to check up on
the fine points of the lesson because the
Visiting Teacher of the Air is doing the
heavy work. Moreover, the feeling of the
student that others all over the nation are
listening with him, gives him a lift in spirit
and a challenge that makes him more re"primarily to arouse enthusiasm and a
ceptive, more ambitious. Special regional,
A WGR ARTIST
better understanding of music as an artisstate, and national contests might be offered
tic expression of human emotions. Sec- Edna Zahm, soprano, is a regular artist on the staff of station
to stir definite rivalry.
ondly, to encourage self-expression in
wgr, at Buffalo
4. It is a fad and will pass away.
music among the pupils and, therefore,
The automobile was a fad, the telephone
the study cf music in the regular curriculum of the schools. This should develop, first of all, ganized work of the class room has always seemed
was a plaything, etc., etc., — yet they have taken
singing, a knowledge of musical notation, and in to us feasible. With the Damrosch lectures as an their places and are unchallenged. The radio will
the high schools and colleges, the formation of
wedge there is no reason why other take its place in education and
school orchestras. My experience of over thirty opening
courses should not follow. To this end there is
0) provide an assistant teacher to every teacher
/ears in this field has proven to me that all these already in existence a committee which styles
who tunes-in;
.hings come inevitably and naturally.
itself the Preliminary Committee on Educational
give inspiration through acquaintance with
great leaders in world progress;
(3)
all of explanations
these concerts ofI shall
give very
and"Atsimple
the music
thatshort
the
165 its own words ''an
Broadcasting,
which
is,
in
(2)
informal committee working together because of
provide features the smaller schools could
orchestra will play, of the nature and character
of the different orchestral instruments, and our interest. We believe that there is a wealth of
not possibly
enjoy otherwise
struction— appreciation,
etc.;— music inmaterial, that schools can satisfactorily receive
something about the composers.
the programs, and that if educators show sufficient
offer teachers
a Normal
course by master
"It is my purpose to prepare this summer the interest the broadcasting will be financed. In
at theSchool
microphone;
entire twenty-four programs, and at the same
(4)
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GRADE SCHOOLS— Monday, Wednesday and
Friday HALF HOUR PERIODS
Music
Appreciation (Instructor and musicians
to illustrate)
English and Literature
Dramatics — Plays, Dialogues, etc.
Geography (Travelogues)
History Dramalogues
Health Talks
Holiday Talks
Miscellaneous

JULY, 1928
a negligible vote and by their apparent indif erence to the very subjects which radio
is best fitted to put across. Geography lessons
were, by an overwhelming margin, placed
second! This is obviously silly. Geography hasn't
got anything to do with sound; it is entirely a
matter
Radio, aorsound
medium,
can't
do
muchof sight.
to elucidate
enliven
geography.

The motion picture, evidently, is the contraption to haul in to aid this study.
Literature and English, Health and Hygiene
were rated way ahead of History, Current Events,
HIGH SCHOOLS— Tuesday and Thursday
Civics and Citizenship. Another absurdity. One
Music Appreciation
of the best things developed by radio impreDramatics — Shakespeare and others
Talks by Great Men and Women — 20-minute
sarios isthe "Great Moments in History" type
talks and 10-minute interview
of program.
Musicians
President of U. S.
And if the sense of personal contact formed by
Vice-President
having the President of the United States speak
Physicians
Naturalists
directly to the school children is not of more
Speaker of House
Inventors
Cabinet
importance than having some M.D. lecture them
Chief Justice
on how to wash their teeth our judgment is
Explorers
Painters
Governor of State
cock-eyed. The first question to be asked before
Sculptors
Diplomatic Service
Botanists
inflicting a radio course on the children is "Can
Senator
Chemists
itthebe school
done better
orallylearn
thanhow
in print?
Representative
child can
to wash" Evidently
his teeth
Authors
Physicists
BILL RAY, OF KFWB, HOLLYWOOD
Business Men
Educators
quite as well from a pamphlet, and there be
Statesmen
Mr. Ray is standing under a new type of
aided by illustrations too. But a forty-page bookmicrophone in use at the Hollywood station
let containing a message from the President
SUPPLEMENTAL LIST OF SCHOOL RADIO MATERIAL
could never approach in vividness, or stimulating
appeal, the actual hearing of his voice in the
Exercises
(5) Weld home and school, because both will Opening
class room.
Public Speaking
lislen to the broadcasts;
Nature
Study and Parliamentary Practice
The list of preferences teems with further in(6) Brighten the life of both pupil and teacher
Programs for Parent Teacher Associations
congruities. Nature Study and science is given
Events and Civil Government
— add ^est, inspire and energise the Current
Spelling
a
large
number
of votes. Foreign Languages are
whole day's schedule.
given none at all. Outside of a lecture by some
Art Appreciation
gifted individual who could imitate bird calls
It is our guess that conservatism, the basis of Boys' and Girls' Clubs
we can think of no other Nature Study broadcast
Games for School and Playground
the last mentioned objection, will prove the most
Foreign Languages
that could be an improvement on the same thing
difficult stumbling block in arousing widespread
as taught in a book. But suppose a French class
demand for the innovation. Various and sundry
were to be treated to a lecture in the French
In general we consider this a very intelligently
are the complaints leveled against education
worked out schedule. Our principal quarrel is language by some famous French personality.
to-day. Most of them are based on the assumpwith the relative importance attached to the That
tion that there should be progress in education.
attend.would make them open up their ears and
various items by the teachers to whom it was
Education cannot progress; it will produce no
Before committing themselves to any schedule
greater minds in the twentieth century than it submitted. The first five hundred replies to a
of courses the educators should be expected to
did, say, in the fifteenth. But it can adapt itself to questionnaire sent to school authorities expressed
the opinion that music appreciation courses
put themselves through a laboratory course in
the changing conditions in the world. Civilizashould receive the greatest stress. With this we what radio can and cannot do. It will take them
tion, according to the German philosopher
Spengler, is the enemy of culture. Since the best are in entire agreement. But the teachers dis- at least two or three weeks of conscientious listenclosed their ignorance of radio by placing second
ing to many types of programs before they will
way to handle any enemy is to turn his own
be qualified to state with any authority just
weapons against him, it follows that radio, a on the list a subject which should have received
what sort of programs should be stressed.
product of civilization, should be utilized
To any who would shun the ordeal
as an instrument of culture. A conservaof such a laboratory experiment we
tism that ignores this fact is a stupid one.
offer the suggestion that the conclusion
radio's educational limitations
to which they will come is that sound
must be a common factor to tie up any
THERE is no subject in the world on
study with radio. From the point of
which it is easier to spill a lot of
view of sound music of course comes
words than education — unless it be refirst. The sound of the voices of great
ligion or prohibition. Present anyone with
leaders would be of infinite value in
one of these three topics and he or she
immediately feels qualified to spout forth
helping to bridge the gulf that necessarily exists between the ordinary perlengthy and expert opinions on the subson and the outstanding personality in
ject. We shall attempt to steer clear of
this over-size nation of ours. The sound
this pitfall by refraining from telling the
of foreign languages can be put to good
Preliminary Committee on Educational
use. The sound of great literature, parBroadcasting how to run their business.
ticularly the sound of poetry, is quite
They are educators by profession and
as important as its appearance in print.
should know how to handle the pedagogThe sound of a great historical event;
ical end of the affair, and judging from
reproduced in faithful accordance with
the very complete outline of their plans
the way it probably transpired can give
which we have at hand they have done
the school child a vivid mind picture
this part of the preliminary work well.
However, we do concede ourself some
of the event. If any subject, considered
slight knowledge of what radio can and
according to this standard seems to gain
nothing in vividness and aliveness by
cannot do, and since we suspect that
this knowledge is not shared to any great
being intrusted to the loud speaker there
THE PROGRAM SUPERVISOR OF WBAL, BALTIMORE
degree by the educators we will stick in
is no excuse for adding it to the curriGustav
Klemm
has
distinguished
himself
through
his
comour oar.
positions, many of which are on the repertoire of concert arculum of any "University
of thean Air."
The schedule they tentatively suggest
Radio eduction
must be made
imtists. In addition to his duties of arranging wbal programs,
provement before it will become worth
for the "National School of the Air" is Mr. Klemm also finds time to plan and direct many wbal
as follows:
feature programs
being realized in actuality.
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A COMPACT RECEIVER FOR SHORT-WAVE WORK

1 1 HIS short-wave receiver uses a screen-grid
-*■ tube preceding a conventional oscillating detector and a two-stage, transformer-coupled audio
amplifier. In the Laboratory it was possible to hear
code stations which were inaudible without the
screen-grid tube. This means that this tube not only
acted as a blocking tube to prevent the detector oscillations from getting into the ether, but contributed
some amplification as well.
The receiver can he operated from a conventional
plate supply device provided it is well filtered. On
the very short waves — 20 meters and below — any
electrical noise, which may be a.c. hum, or the
spark-plug system of passing trucks disturbs the
receiver. A 45-volt B-battery for the detector plate
circuit will give much quieter operation and enable
the listener to get down to the bottom oj the signal
level. At the present time it is not feasible to use
a.c. tubes on a short-wave receiver.
— The Editor.

IN THE design of a ,short-wave receiver for
broadcast reception several factors must
be considered in order to produce a satisfactory product.
1 . The receiver must be essentially non-radiating.
Due to the surprising distances which may be
covered by short-wave transmitters with a
limited amount of power, it is essential that little
or none of the high-frequency oscillations generated locally by the receiver shall reach the antenna, for otherwise, the ether would be filled
with an annoying congestion of squeals and howls.
2. Adaptability to phone or c. w. operation.
This requirement applies principally to the type
of audio amplification employed in the receiver.
It has been customary in receivers for c. w.
operation to employ transformers having little
amplification of the bass notes because c. w.
signals are usually heterodyned to a high-pitched
whistle and very low grade transformers are
adequate for the amplification of the signals,
although they amplify but little the low frequencies now transmitted by good broadcasting
stations.
}. Smooth oscillation control without extraneous

noises. This requirement will be discussed more
fully and is very important, due to the fact that
many "noise producing" features of a design
which are completely negligible in the broadcast
band, assume astounding proportions in the
vicinity of twenty to thirty meters.
4. Ease of operation. It is quite important
that a short-wave receiver should be as easily
controlled as the average broadcast receiver so
that the operator may not be forced to learn
new procedure and new methods.
5. Adequate range of wavelengths. Short-wave
broadcasting stations have not yet assumed a
permanent status because they all have experimental licenses, and it is important that the
receiver should be adapted to cover a rather wide
band of frequencies.
USE OF THE SCREEN-GRID TUBE
IN ORDER to limit the radiation of the re* ceiver, the screen-grid is at once considered
as a new contribution to the short-wave receiver.
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The insertion of this tube between the antenna
circuit and the oscillating tuned circuit of the
short-wave receiver will limit the transfer of
energy from the tuned circuit to the antenna, due
to the extremely low grid-to-plate capacity of
the 222 type of tube.
It was the original intention as the plan of
this receiver was made to use the screen-grid
tube as a radio-frequency amplifier with a tunedgrid circuit coupled to the antenna, but the idea
was abandoned for two reasons; the first being
that the tube is not strictly a non-oscillating one,
and when connected with tuned circuits in the
grid and plate, they must be adequately and
carefully shielded; also, plug-in coils must be
used in order to cover the necessary band of
wavelengths, and to have shielded these circuits
would have made necessary the removal of two
shield tops and the replacement of two coils for
each change of wave band. In addition, there is
the fact that the tube possesses not zero, but an
appreciable grid-to-plate capacity, which causes
a disagreeable "hang-over" effect in regeneration resulting in lack of control when there are
two controls to handle. It was found experimentally that a low distributed capacity r.f. choke
coil served very well as an aperiodic input circuit to the screen-grid tube. This choke is shown
at Li in the diagram, Fig. 2. 11 was also found that
by the use of this connection a considerable
degree of amplification was produced by the
screen-grid tube as against coupling the antenna
directly to the coil, La, as would be done in the
conventional radiating type of receiver. This
amplification was "velvet," since all we had
hoped from the screen-grid tube was a blocking
action, keeping detector oscillations from reaching the antenna circuit.
As connected in Fig. 2, the screen-grid tube
also contributes to the ease of operation by the
elimination of the so-called "holes" in the tuning
range of the conventional short-wave receiver.
These "holes" are due to the fact that when the
set is tuned to the natural wavelength or submultiples of the natural wavelength of the antenna,
sufficient energy is subtracted from the tuned
circuit to cause the detector tube to cease oscillating, whereupon the antenna coupling must
be reduced and again increased as the "hole"
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tion the capacity, C6, is employed across the
secondary of the second audio transformer, Ti, as
well as another capacity, C7, across the output
terminals of the receiver.
It is a fact that these improvements for
eliminating audio noises in the output of
the receiver contribute materially to the
ease of operation of this set.
A further source of troublesome extraneous
noises has been negligized by the unique construction ofthe Amsco 0.0000 1 4-mfd . (140 mmfd )
condenser, C3. With a condenser of ordinary
construction, unbearable noises are produced
when the receiver is tuned at twenty to thirty
meters due to the contact voltages set up by the
dissimilar metals usually employed in the shaft
and bushings of the condenser as well as to the
scraping between the metal parts. Strange as it
may seem at the first blush, these noises cannot
be eliminated by "pigtailing" the shaft of the
condenser, because at these extremely short
wavelengths the inductance of the "pigtail" is
sufficiently appreciable to prevent the variable
resistance caused by the scraping contact to be
short-circuited by it. This difficulty has been
Tt
met very well by completely insulating the bearANT.
GROUND
R
C2
VTi
T
ings of the rotor from the frame of the condenser
THE UNDER SIDE
and then running the "pigtail" directly from
the shaft to the frame. In this way the variable
P
resistance caused by the shaft-bearing contact is
eliminated entirely and the whole circuit is'
carried
by the "pigtail."
The wavelength
range of the receiver with the
four plug-in coils is from seventeen to one hundred and fifty-five meters, arranged to include
all short-wave stations experimentally broadcasting at present or contemplated, as well as
-AB+C the principal
amateur phone and telegraphic
bands.
It should be noted that the construction of
the Aero plug-in short-wave coils has been altered
from a 3-inch diameter to a 2-inch. This change
has improved the structure and rigidity of the
coil; it limits the magnetic field of the coil materially byincreasing the ratio of length to dio+135B
ameter for a given inductance; it minimizes the
pickup from powerful near-by stations, and also
FIG. 2
provides a more favorable coefficient of coupling
between the tickler and secondary for operation
at extremely low waves.
is passed on the tuning dial. As was stated, the capacities of the audio amplifier, which would
The constructional work on this receiver
screen-grid tube, due to its low grid to plate cause objectionable hand capacity and prevent
has been reduced to a minimum. A foundacapacity, eliminates this objectional feature
the detector going into and out of oscillation
tion unit is available with drilled and enand permits a band of waves to be swept by quietly when wearing the head phones, the cores
graved front panel, subpanel provided with
the tuning condenser, C3, without other ad- of the audio transformers are connected to the
and back panel, all of Westinghouse
justments except a minor manipulation of panel brackets and thence to ground; in addi- sockets,Micarta.
the regeneration condenser, C4.
The receiver has also been adapted to
NOTES ON ASSEMBLY
the receiving of broadcast programs by
the employment of high-grade audio
THE top view of the unit on page 167
shows the arrangement of this subtransformers together with a cx-312
panel. It will be noted that the socket for
power tube in the output circuit.
the cx-322 tube, at the right, is depressed
Smooth control in operation has been
and held with machine screws and short
attained by no small amount of effort. A
bakelite studs, in order that this taller
portion of the success of this feature is
tube shall not project above the top of
due to the splendid characteristic of the
choke, L3, which isolates the regeneration
the front panel. The plug-in jacks usually contained in the Aero coil mounting
circuit, L4, C4, at all frequencies to which
have been dismounted and are supplied
the tuner is capable of responding. Stamounted directly in the subpanel. To the
bility of control is also obtained by isoleft and right of the coil mounting are the
lating the various circuits as completely
as possible. Thus the 0.005-mfd. conradio-frequency chokes, L5 and "LJt respectively, and the grid leak mounting
denser, C5, assures that the screen-grid
directly behind the coil.
will be maintained at ground r.f. potenIt is wise in assembling the receiver to
tial. In the same way the plate circuit of
do as much of the work as possible on this
the screen-grid tube is isolated by means
subpanel before assembling it into the
of the 0.005-mfd. condenser, Q. Because
mounting proper. It will be necessary to
several portions of the receiver are operating from the 135-volt tap of the battery,
solder long leads to the plate and grid terminals ofthe audio and detector sockets in
another choke, L5, is inserted. In order to
order
to
facilitate their connection to the
prevent small radio-frequency currents
THE COMPLETED RECEIVER
audio transformers after assembly.
from being carried through the stray wiring
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The back panel, seen in the illustrations, should
also be assembled separately with the antenna
and ground binding posts, the antenna input
choke, Li, the Yaxley cable plug connector and
the audio transformers, and as much work accomplished on the separate units as possible before the final assembly.
It will also be noted that the battery leads
from the Yaxley connector to the audio transformers are cabled in soft wire and laced together
with ordinary string. A careful application of
shellac to this cable will stiffen it and make a neat
appearance.
The other assembly details are made sufficiently clear, we believe, in the photographs and
the wiring diagram, Fig. 2.
OPERATION
THE operation of the receiver is very simple.
With suitable tubes inserted in the sockets and
with the battery voltages in the circuit diagram
applied, one of the coils may be placed in the
socket. With the regeneration condenser, marked
"Volume," all the way out, the filament rheostat
is turned up to about half brilliancy. Then, advancing the "Volume" condenser to a certain
point, the detector tube should go intooscillation
with a soft "thud," accompanied by a considerable hissing and increase in static. Should the
tube fail to oscillate with the volume condenser
fully advanced, the -filament rheostat should be
turned up further. In the event that it should go
into oscillation sharply or with disagreeable
noises, it should Jje retarded to the point where
oscillation can be accomplished with the soft
"thud" mentioned. After oscillation is obtained,
the wave band covered by the coil may be swept
with the tuning condenser, always simultaneously manipulating the volume condenser in
such, a way as to keep the tube just on the verge
of oscillation. On passing a broadcast signal, a
distinct heterodyne whistle will be heard, which
may be chopped up somewhat by the modulation
carried by the signal. After locating the heterodyne pointisofretarded
the broadcaster,
condenser
somewhat the
until"Volume"
the tube
is just out of oscillation. The setting of the tuning condenser is then corrected for maximum
signal strength and it will then be found that
the volume control can be advanced with some
increase in signal strength up to the oscillating
point of the tube.
In order to facilitate the location of stations
whose wavelengths are known, the tuning chart
shown in Fig. 1, has been prepared. It should be
understood that this chart will vary somewhat
with individual receivers due to small variations
in coil and condenser characteristics as well as tube
characteristics and wiring leads, but at any rate
it will give those not familiar with the short wavelength stations a very definite idea of where to
look for the experimental broadcasting station in
which one is interested.
LIST OF PARTS
THE list of parts used in the construction of
model illustrated here is given below. Other
parts electrically and mechanically similar may
be used, of course. It is not advisable to attempt
the construction of the coils. The Aero kit comes
as a unit, and at the present date it seems possible that the complete list of parts may be sold
by the Aero Products company. Readers may
obtain the manufacturer's constructional data
and blueprints by writing to Radio Broadcast.
(1) Aero International Foundation
Unit, complete with tube sockets and grid-leak mount.
U U L5 (3) Aero No. 60 choke coil.
Aero International Coil Kit.
Lj, L4
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-40

10
Naval, Transoceanic,
10-40 kc.
Time Signals --■

20
30
50

40-120 kc.
Army, Navy, Gov't.

60
90
70
80
100

Marine
and Aircraft
120-153
kc.

200

Government, etc.
153-285 kc.

<- Radio Beacons

300
Coastal and Marine
285-500 kc.
Aircraft and safety of Life
500-550 kc.

Radio
Compass
300 kc.
375 kc.

Broadcasting
550-1500 kc.
-2000
Amateur 1500-2000 kc.-—

-4000

Point to Point,
Relay2000-3500
Broadcasting.etc.-kc. -

3000
7000
5000
6000

KDKA 4760 kc.
k- WLW 5760 kc.

8000
9000
J 10,000

2XAF9150 kc.

Amateur 3500-4000 kcMiscellaneous: Pointto Point, Govt.,
Public Toll and Relay Broadcasting
4000-7000 kc.
Amateur 7000-8000 kc. <
Miscellaneous
8000-14,000 kc.
Amateur 14,000-16,000 kc.--

20,000
Experimental
16,006-56,000 kc:""
Amateur 56,000-64,000 kc-

30,000
40,000
50,000
HI

60,000
70,000

Experimental
WHERE THE SHORT-WAVE BROADCASTS MAY BE FOUND
c3
This chart shows the allocation of wavelengths from 10 to 70,000 kilocycles; the portions of the
c4
spectrum
set apart for short-wave relay broadcasting and amateur work are clearly indicated
c6
c2
c7
Ri Cs
Ci,
R2 R4
R
R3 & S
T, Ti

Amsco 140-mmfd. short-wave con(0 denser.
(0 Amsco2 50-mmfd. short-wave condenser.
Carter .005 fixed condenser.
(2)
(') Carter .0001 fixed condenser.
Carter .00015 fixed condenser.
(0
(0 Carter .001 fixed condenser.
(>) Yaxley 10-ohm fixed resistor.
Yaxley 1 5-ohm fixed resistor.
(1) Yaxley 20-ohm No. 520 rheostat
(>) with switch and knob.
(■) 7-megohm grid-leak.
(0 Yaxley i-ohm fixed resistor.
Silver Marshal No. 240 audio
(2) transformers.

VTi,
VT3
VT

(1) Yaxley 7-prong plate.
Binding posts (Antenna & Gnd.).
(2) Carter
Nationaltip-jacks.
dials..
(2)
(2)
Accessories
Yaxley cable connector
cx-322 tube.
cx-301-A tube
cx-3 12-Astorage
tube. battery.
6-voIt
(1)
(1) pair Trimm head phones (or loud
speaker).
o-volt
C. battery.
(0
B-battery supplying 135 volts.

VT2 (2)
1
(0
(t)

Manufacturers*

Booklets

A Varied List of Books Pertaining to Radio and Allied
Subjects Obtainable Free With the Accompanying Coupon
&E.4DERS may obtain any of the booklets listed below by useingtbe coupon printed on this page. Order by number only.
1. Filament
— Problems
filament Radiall
supply,
voltage
regulation,Control
and effect
on variousof circuits.
Company.
2.ties ofHard
and proper-on
hard Rubber
rubber asPanels
used in— Characteristics
radio, with suggestions
how to "work" it. B. F. Goodrich Rubber Company.
3. Transformers
— A booklet
giving Company.
data on input and
output
transformers. Pacent
Electric
5, Carborundum in Radio — A book giving pertinent
data on the crystal as used for detection, with hook-ups.
and
section giving Company.
information on the use of resistors.
The aCarborundum
9.
Volume
Control
— A leaflet
showing
distortionless
control of volume.
Central
Radiocircuits
Labora-for
tories.
10. Variable
Resistance — As used in various circuits.
Central
Radio Laboratories.
12. Distortion and What Causes It — Hook-ups of
resistance-coupled
Bradley Company.amplifiers with standard circuits. Allen15. B-Eliminator and Power Amplifier — Instructions for assembly
and operation using Raytheon tube.
General
Radio Company.
15a.tions fB-Eliminator
and Power
Instrucand operation
using Amplifier
an R. C. A.— rectifier.
Generalor assembly
Radio Company.
16. tionsVariable
Condensers
— A description
funcand characteristics
of variable
condensers ofwiththe curves
aAllen
nd specifications
for
their
application
to
complete
receivers.
D. Cardwell Manufacturing Company.
17.
Bakelite
— A description
uses ofBakelite
bakelite
in
radio,
its manufacture,
and ofitsvarious
properties.
Corporation.
46. Audio-Frequency Chokes — A pamphlet showing
in the circuit
whereCompany.
audio-frequency chokes may
bepositions
used. Samson
Electric
47. Radio-Frequency Chokes — Circuit diagrams illustrating thdefinite
e use of chokes
to keep Electric
out radio-frequency
currents from
points. Samson
Company.
Transformer
and Impedance
Data —of Tables
giving
the48.mechanical
and electrical
characteristics
transformers
and impedances, together with a short description of their
use in the circuit. Samson Electric Company.
40. Bypass Condensers — A description of the manuCompany.facture of bypass and filter condensers. Leslie F. Muter
\o. Audio
Fifty questionsandwhich
often
asked
regardingManual
audio— amplification,
their areanswers.
Amertran Sales Company, Incorporated.
51. Short-Wave
datamayon bea
receiver
which, by theReceiver—
substitutionConstructional
of various coils,
made to tune from a frequency of 16,660 kc. (18 meters) to
1990 kc. (150 meters). Silver-Marshall. Incorporated.
52. Audio
Qualityof— various
A bookletkindsdealing
audio-frequency amplification
and with
the application
to well-known circuits. Silver-Marshall. Incorporated.
56. Variable Condensers — A bulletin giving an
analysis ofteristics.
various
condensers
together with their characGeneral Radio
Company.
57. Filter Data — Facts about the filtering of direct
current
supplied byElectric
means ofSpecialty
motor-generator
with transmitters.
Company.outfits used
59. Resistance Coupling — A booklet giving some
generaltion of resistors
informationto aoncircuit.
the subject
the applicaDavenof radio
Radio andCorporation.
63.
Five-Tube
Receiver
—
Constructional
data on
building a receiver. Aero Products, Incorporated.
70.
Improving
the
Audio
Amplifier
—
Data
on the
characteristics of audio transformers, with a circuit diagram
showing where
chokes, resistors,
and condensers can be used.
American
Transformer
Company.
72. Plate Supply System — A wiring diagram and layout plan for a plate supply system to be used with a power
amplifier.
tran SalesComplete
Company.directions for wiring are given. Amer81. Better Tuning — A booklet giving much general information on the subject of radio reception with specific illustrations. PrimarilyManufacturing
for the non-technical
home constructor. Bremer-Tully
Company.
82. Six-Tube Receiver — A booklet containing photographs, instructions, and diagrams for building a six-tube
shielded receiver. Silver-Marshall, Incorporated.
83.
Socket
Device — A list
parts, diagrams,
and templates Power
for the construction
and ofassembly
of socket
power
devices.
Jefferson
Electric
Manufacturing
Company.
84. Five-Tube Equamatic — Panel layout, circuit diagrams, and instructions for building a five-tube receiver, together with data
on the design.
operationKaras
of tuned
radio-frequency
transformers
of special
Electric
Company.
85. Filter
—
Data
on
a
high-capacity
electrolytic
condenser used in filter circuits in connection with A socket
power
supply
units,
are
given
in
a
pamphlet.
The
Abox
Company.
86. Short-Wave Receiver — A booklet containing data
on a short-wave receiver as constructed for experimental
purposes.
The Allen D. Cardwell Manufacturing
Corporation.
88. Super-Heterodyne Construction — A booklet giving full instructions, together with a blue print and necessary
data,
building an eight-tube receiver. The George W.
Walkerfor Company.
89. Short-Wave Transmitter — Data and blue prints
are given on the construction of a short-wave transmitter.

together with operating instructions, methods of keying, and
other pertinent data. Radio Engineering Laboratories.
90. Impedance Amplification — The theory and practice
of a special
of dual-impedance
audio amplification are
given.
AldentypeManufacturing
Company.
93. B-Socket Power — A booklet giving constructional
details of a socket-power device using either the BH or 313
type rectifier. National Company, Incorporated.
94. Power Amplifier — Constructional data and wiring
diagrams
of a power
amplifier
combined
with a B-supply
unit are given.
National
Company,
Incorporated.
1 o 1 . Using Chokes— A folder with circuit diagrams of
the more popular circuits showing where choke coils may
be placed to produce better results. Samson Electric
Company.
22. A Primer of Electricity — Fundamentals of
electricity with special reference to the application of dry
cells to radio and other uses. Constructional data on buzzers,
automatic
switches, alarms, etc. National Carbon Company.
23. Automatic Relay Connections — A data sheet
showingcuits.howYaxleya Manufacturing
relay may be usedCompany.
to control A and B cir26. Dry Cells for Transmitters — Actual tests
given, well illustrated with curves showing exactly what
may
be expected of this type of B power. Burgess Battery
Company.
28.
B Battery Life — Battery life curves with general
curves
pany. on tube characteristics. Burgess Battery Com30. Tube
— A data Company.
sheet giving constants of tubes.Characteristics
C. E. Manufacturing
32. Meters for Radio — A catalogue of meters used in
radio, with diagrams. Burton-Rogers Company.
33. Switchboard
and PortableandMeters
giving
dimensions, specifications,
shunts— Ausedbooklet
with
various meters. Burton-Rogers Company.
36. Charging A and B Batteries — Various ways of
connecting
batteries Company.
for charging purposes. Westinghouse Unionup Battery
37.viceWhy
Radio
Is
Better
Power — Ad-to
on what dry cell battery with
to use;Battery
their application
radio, with wiring diagrams. National Carbon Company.
53. Tube
Information
care beof
vacuum
tubes,Reactivator
with notes on— how
and when ontheytheshould
reactivated. The Sterling Manufacturing Company.
69.tics ofVacuum
Tubestube— Atypes
booklet
characteris-of
the various
with giving
a shortthedescription
where tionthey
may
be
used
in
the
circuit.
Radio
Corporaof America.
87. Tube Tester — A complete description of how to
build and how to operate a tube tester. Burton-Rogers
Company.
92. Resistors
A. C. Operated
—A
booklet
giving circuitforsuggestions
for building Receivers
a. c. operated
receivers, together with a diagram of the circuit used with
the
new 400-milliampere rectifier tube. Carter Radio
Company.
102. Radio Power Bulletins — Circuit diagrams, theory
constants,
trouble-shooting
hints for Manufacturing
units employing
the BH or and
B rectifier
tubes. Raytheon
Company.
103.istics ofA.a new
C. Tubes
— The Five
designcircuit
and operating
a. c. tube.
diagrams charactershow how
toManufacturing
convert well-known
circuits.
Sovereign
Electric &
Company.
58. How
to Select
a Receiver
booklet
describing
what a radio
set is, and— Awhatcommonsense
you should
expect from it, in language that any one can understand.
Day-Fan Electric Company.
Radio weather
— A veryandinteresting
booklet
on 67.
the Weather
relationshipforbetween
radio reception,
with
maps
and
data
on
forecasting
the
probable
results.
Taylor Instrument Companies.
In sending the coupon below, make sure that your
name and address are included and are plainly
written.
USE THIS BOOKLET COUPON
Radio Broadcast Service Department
Radio Broadcast, Garden City, N. Y.
Please send me (at no expense) the following booklets indicated by numbers in the published list above:

Name
Address
[Number) (Street)
(City)
(Slate)
ORDER BY NUMBER ONLY
This coupon must accompany every request. RB 7-28
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73. Radio
non-technical
giving
pertinent
data Simplified
on various— Aradio
subjects. Ofbooklet
especial
interest tothe beginner and set owner. Crosley Radio Corporation.
76. used
Radioin radio
Instruments
— A description
of various
meters
and electrical
circuits together
with a
short discussion
of
their
uses.
Jewell
Electrical
Instrument Company.
78.
Electrical
Troubles
—
A
pamphlet
describing
the use of electrical testing instruments in automotive work
combined with a description of the cadmium test for storage batteries.
interest to the owner of storage batteries.
Burton
RogersOf Company.
95.
Resistance
Successive
the use of resistors inData—
various
parts ofbulletins
the radioregarding
circuit.
International Resistance Company.
96.
Vacuum
Tube
Testing
—
A
booklet
giving
pertinent
data on how to test vacuum tubes with special reference to
a tube testing unit. Jewell Electrical Instrument
Company.
Shieldingin —radio
A booklet
giving
on 98.
the Copper
use of shielding
receivers,
withinformation
notes and
diagrams showing how it may be applied practically. Of
special interest to the home constructor. The Copper and
Brass Research Association.
99. Radio Convenience Outlets — A folder giving
diagrams
and specifications
for installing
speakers set.in
various locations
at some distance
from theloudreceiving
Yaxley Manufacturing Company.
Coils — Excellent
data onon six
a radio-frequency
coil
with105.constructional
information
broadcast receivers,
two short-wave receivers, and several transmitting circuits.
Aero Products Company.
106.transformer
Audio Transformer
on auseful
high-quality
audio
with circuits —forData
use. Also
data on
detector and amplifier tubes. Sangamo Electric Company.
108. Vacuum Tubes — Operating characteristics of an
a.c. tube with curves and circuit diagram for connection
in converting various receivers to a.c. operation with a
four-prong a.c. tube. Arcturus Radio Company..
— Constructional
a 109.
six-tubeReceiver
receiver Construction
using restricted
field coils. data
Bodineon
Electric Company.
110. Receiver Construction — Circuit diagram and
constructional information for building a five-tube set
using restricted field coils. Bodine Electric Company.
111. Storage Battery Care — Booklet describing the
care and operation of the storage battery in the home.
Marko Storage Battery Company.
112. Heavy-Duty Resistors — Circuit calculations and
data on receiving and transmitting resistances for a variety
of uses, diagramsforpopularpower supply circuits, d.c. resistors for battery charging use. Ward Leonard Electric
Company.
1 13. Cone
Loud Speakers and
— Technical
practicaltype
information on electro-dynamic
permanentand magnet
cone loud speakers. The Magnavox Company.
114. Tubemethods
Adapters
— Concise various
information
simplified
of including
powerconcerning
tubes in
existing receivers. Alden Manufacturing Company.
115.
What
Set
Shall
I
Build?
—
Descriptive
with illustrations, of fourteen popular receivers for thematter,
home
constructor. Herbert H. Frost, Incorporated.
104. Oscillation
Control
the "Phasatrol"
Circuit
diagrams, details
for with
connection
in circuit, and—
specific
operatingdevice
suggestions
for oscillation.
using the "Phasatrol"
as
a balancing
to control
Electrad,
Incorporated.
116. Using a B Power Unit — A comprehensive booklet detailing the use of a B power unit. Tables of voltages —
both B and C — are shown. There is a chapter on troubleshooting. Modern Electric Mfg. Co.
117. Best Results From Radio Tubes — The chapters
are entitled: "Radio Tubes," "Power Tubes," "Super Detector Tubes,"Gold
"A. C.
"Rectifier
"Installation."
SealTubes,"
Electrical
Co. Tubes," and
118. onRadio
Instruments,
"J" —forA descriptive
manual
the use
of measuringCircular
instruments
every radio
circuit requirement.
of modelsunitforcontrol.
transmitters, receivers, setA complete
servicing, listing
and power
Weston Electrical Instrument Corporation.
120. tereThe
Worker — AA typical
monthly feature
bulletin article
of inst to the Research
home constructor.
describes
the
construction
of
a
special
audio
amplifier
—
Aerovox Wireless Corporation.
131.
Filter
Condensers
—
Some
practical
points
on
the
manufacture and use of filter condensers. The difference between inductive and non-inductive condensers. Polymet
Mfg. Corp.
122. Radio
Tubes —tubes.
Specifications
and pages.
operating
teristics ofvacuum
Twenty-four
E. T.characCunningham, Inc.
123.tics,Band Supply
Devices
—
Circuit
diagrams,
characterislist of parts for nationally known power supply
units. Electrad, Inc.
124. Power
Amplifier andandB constructional
Supply — A booklet
giving
several
circuit arrangements
information
and
a
combined
B
supply
and
push-pull
audio
amplifier,
the
latter using 210 type tubes. Thordarson Electric Mfg. Co.
125.
A.
C.
Tube
Operation
—
A
small
but
complete
booklet describing
a method
filament supply for a.c. tubes.
Thordarson
Electric
Mfg. ofCo.
126. Micrometric Resistance — How to use resistances
for: Sensitivity control; oscillation control; volume control;
regeneration
control;andtoneimpedance
control; coupling;
detector plate
voltage
control; resistance
loud speaker
control, etc. American Mechanical Laboratories.
127. Vitrohm News — A monthly bulletin dealing with
the resistance periproblems
of theElectric
home constructor
and exmenter. Ward Leonard
Co.
128. Sangamo
— A helpful table for concapacities Condensers
from
Sangamo verting
Electric
Co. microfarads to micromicrofarads.
129. Toneplanation o—f theSome
model audio hook-ups, with an exproper
Sangamo Electric
Co. use of transformers and chokes.
130. Screen-Grid Audio Amplification — Diagrams
and constructional details for remodeling old audio amplifiers for operation
Electric
Mfg. Co. with screen-grid tubes. Thordarson
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ZMost
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Of
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Radio
DOGS

Receivers

of tone quality safeguarding

' * the musical reproduction of broadcast programs,
Thordarson Audio Transformers do their part in
making real musical instruments of hundreds of
thousands of receiving sets annually.
Among

leading set manufacturers, Thordarson transformers have long been recognized for their fidelity
of reproduction. Today their use is so universal that
it is difficult to find a dealer who does not sell at
least one make of receiver so equipped.
Try this simple experiment. Ask your dealer for a
demonstration of his receivers. Pick out the instru-

new:

ment with the most natural reproduction, and then
look inside the cabinet. You will find, in the majority of cases, Thordarson amplifying and power sup-

f
THORD

ARSON

R-300
AUDIO

TRANSFORMER

A superior audio transformer that will
satisfy the most critical musical ear. The
high impedance windings of the R-300 are
wound on a core of D-X metal, a recent
development of the Thordarson laboratory. This new core material has an exceedingly high A.C. permeability, and an
inductance that is 50c7 greater than that
of the highest grade silicon steel. In performance, this transformer responds exceptionally well to the lower frequencies
and provides the same degree amplification to the diapason of the grand organ
as to the note of the flute. Ratio 3:1.
Dimensions 2^"x2|"x3" high, weight,
2 lbs. Price £8.00.

ply transformers.
You will realize that
amplification when
manufacturer who is
sets with Thordarson

it is wise to specify Thordarson
buying your receiver, for the
far-seeing enough to equip his
transformers, may be depended

upon to have the balance of his instrument in keeping with this high standard.

oM
dars
Th
RADIOor
TRANS
FORMERS

musical

perform

an

ce

THORDARSON ELECTRIC MANUFACTURING CO.
Transformer Specialists Since 1895
WORLD'S OLDEST AND LARGEST EXCLUSIVE TRANSFORMER MAKERS
<r7iuron and Kingsbury Streets
— ChicaqoJll.U.SA.

35S1-J
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Introducin

g

Two
Audio

Revolutionary
Transformers

TWO years ago Silver-Marshall startled the radio world by introducing the
largest and heaviest audio amplifying transformer ever seen! Tested, condemned, ridiculed, and praised, within 6 months the then famous 220
Transformer had become the largest-selling high-grade A.F. transformer ever
produced. Since then it has been specified for more circuits than any competitive type.
With S-M 220 Transformers firmly established in public favor, SilverMarshall, Inc., now introduces two totally new types of audio transformers so
far superior to present standards as to justify the term "revolutionary"!
Below are curves proving that the new S-M 255 and 256 audio transformers
give far greater amplification and a better frequency characteristic than three pairs of much more expensive
standard transformers. And they are cheaper and smaller than the inferior but more expensive types.
Not content with this practical revolution of the A. F. amplifier field, S-M engineers went a step further. The impossible was accomplished, and a second type of transformer, also new in principle, was
created, possessing better than the theoretically unattainable flat characteristic right down to 32 cycles;
of standard bulk, practical freedom from hysteretic distortion, almost twice average amplification, and
at less than average prices! These remarkable units are S-M 225 and 226, for first and second stage, respectively.
At the R. M. A. Trade Show, S-M engineers will demonstrate a comparison amplifier in which any
standard type of audio transformers can be compared against the new S-M's. This test audibly proves the
statements above — and the curves below. You can hear it at any time you are in Chicago.
These Curves Prove Absolute S-M Audio Superiority!
Curves A, B, and C are of highly regarded types of $8.00 and $10.00 standard A. F. transformers.
Curve D is of one S-M 255 and one 256, costing $6.00 each. Curve E is of one S-M 225 and one 226, priced
at $9.00 each. This curve does not show the freedom from hysteretic distortion which only the new
S-M transformers afford.
NOTE: Amplification figures are
from detector plate to power tube
grid circuit and amplification of
power
tube is nottheincluded.
For general purposes
amplification
fig'
ures at the left may be multiplied by
the M» of the power tube to be used
to find the overall gain of a two-stage
amplifier (for example, for 171 or
250 output tube, multiply by 3.8 approximately; for 112 or 210 output
tube multiply by 8 approximately).

100

SILVER
838

W.

200 3C0 400 500
Frcquencv In Cycles.

-MARSHALL,

Jackson

Blvd.,

CHICAGO,

Inc.
U. S. A.

Send 2c for "Theinstructive
Radiobuilder,"
S-M's new interesting
house organ.
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Short

Public

Address

Wwe

Set/

Amplifier/

fl9
"Round
the World
Four"
A ND now — an entirely new type of short wave receiver is ready,
/\ incorporating
all of the that
sound
and
advanced developments
haveengineering
made S- M principles
the most popular quality parts today. Heralding Silver-Marshall's definite entry
into the short wave field, the new "Round the World Four" and
"Round the World Adapter" introduce advanced features and an
entirely new design technique. This set, the first to include screen
grid R. F. amplification with one-dial tuning for a range of 17.4 to 204 meters, is simply irresistible. Completely shielded in a thick aluminum cabinet, it can be had as a two-tube tuner to adapt any standard set to
short wave reception, or as a complete 4-tube set with loud speaker range of half way round the world and back.
These new S-M short wave sets are the first to be offered designed especially for broadcast and phone
reception primarily, and for code secondarily. They alone have the smooth regeneration control that provides the enormous sensitivity necessary to long distance voice and music reception — yet they are absolutely
non-radiating.
If you're after the thrill of real, world-wide DX, the "Round the World Four" is the set for you. Amateur station 9VS reported loud-speaker reception from six continents in an evening. Station 9BBW, operating the set, conducted amateur two-way communication with Germany, France, England, and Italy in one
evening. In daylight, east and west coast amateur stations are heard in Chicago — Nauen, Germany, and
England come in like locals. Five, ten, fifteen, and fifty-watt amateur telephones all over America and Canada are regular reception on the "Round the World Four."
Type 730 "Round the World Four" kit, ready to assemble, including all parts and cabinet just as illustrated, i$51.00.
s
Type 731 is the two-tube "Round the World Adapter" kit, to adapt any broadcast set to long
distance short wave reception, and is priced at $36.00 complete, with identical aluminum cabinet. Price,
131T, -U, -V. and -W. coils, tuning from 17.4 to 204 meters, $1.25 each, or $5.75 for set of four plug-in coils
with 512 socket. Type 130 winding forms cost but 50 cents each. Type 732 "Round the World" essential
kit includes all above coils, coil socket, .00014 tuning condenser, .00035 tickler condenser, and three R. F.
choke coils, with complete instructions, $16.50.
WW
"''^flw
n
■

685 Public Address Unipac
THE S-M type 685 Public Address Unipac is a high power socket-power amplifier that can be
heard by from 2,000 to 30,000 people at once. It will operate one to twelve loud speakers and can be
used interchangeably for voice, phonograph record or radio amplification. Good electrically cut symphony orchestra or jazz band records will be reproduced at volume equal to or greater than original, and with
tone both natural and perfect.
Using the microphone, clear, understandable announcements or speeches can be made to crowds of
5,000 to 10,000 people, either indoors or outdoors. Record or radio music can be heard half a mile away
on clear days.
Type 685 Unipac fills a long-felt want for an economical portable or permanent public address
amplifier. It is complete in itself, requiring only one UX226, one UY227, one UX250, and two UX281
tubes and connection to a 110 volt, 60 cycle lamp socket for operation. Any speakers
may be used, with any microphone, radio set, or magnetic record pick-up.
With political conventions, sporting events and elections coming on, for the
wide-awake experimenter there is a wide and profitable market, both in sale and
rental, to conventions, lodges, clubs, theatres, schools, churches, amusement parks,
dance halls, and many other places. For thoroughly high quality outdoor demonstrations the 685 Unipac has no equal. (685 Unipac is not suited to nor intended
for home use.)
Price, factory assembled, ready to use, less tubes and accessories, $160.00.
Type 685 Kit, ready to assemble, with complete instructions, is priced at $124.00.
SILVER -MARSHALL,
870 W. Jackson Blvd., CHICAGO,

Inc.
U. S. A.

For 6c in stamps, complete constructional data sheets will be mailed.
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FAHNESTOCK

SHEET

CLIPS
RADIO'S
GREATEST
CONVENIENCE

THE Radio Broadcast Laboratory Information Sheets are a regular feature of this
magazine and have appeared since our June, 1926, issue. They cover a wide range
of information of value to the experimenter and to the technical radio man. It is not our
purpose always to include new information but to present concise and accurate facts in
the most convenient form. The sheets are arranged so that they may be cut from the
magazine and preserved for constant reference, and we suggest that each sheet be cut out
with a razor blade and pasted on 4" x 6" filing cards, or in a notebook. The cards should
be arranged in numerical order. In July, 1927, an index to all sheets appearing up to
that time was printed. Last month we printed an index covering the sheets published from
August, 1927, to May, 1928, inclusive.
All of the 1926 issues of Radio Broadcast are out of print. A complete
set of sheets, Nos. I to 88, can be secured from the Circulation Department,
Doubleday, Doran & Company, Inc., Garden City, New York, for $1.00. Orders for the
next set following can also be sent. Some readers have asked what provision is made to
rectify possible errors in these sheets. In the unfortunate event that any serious errors do
occur, a new Laboratory Sheet with the old number will appear.— The Editor.

No. 201

Radio Broadcast Laboratory Information Sheet
Tube Life

EFFECT OF EXCESSIVE LINE VOLTAGE

Accepted
as standard
by the most
exacting and
c oncientious
manuf ac turers
There are 48 standard sizes
and styles to meet any requirement. The largest
manufacturers of radio apparatus depend upon our
unexcelled facilities and our
ability to supply them with
any quantity of clips on
short notice. They save
you time and expense and
add to the convenience of
your products. Send us
specifications and blue prints
to meet special requirements
Genuine Fahnestock Clips
have our name stamped on
the thumb piece.
T h e World' s
Largest Makers
of Clip Terminals

FAHNESTOCK,
ELECTRIC

Ca

L.I.City --JSfeujyorRa

npHE
fromfilament
a vacuumvoltage
tube atdepends
very life
muchobtained
upon the
which
it is operated, for voltages slightly above normal
produce a marked decrease in life. This is true of all
types of tubes, a. c. or d.c, storage-battery or
dry-cell-operated.
In athebattery-operated
we
are able to control
filament voltage receiver
applied
to the tubes quite accurately and normal life is
therefore generally obtained from the ordinary
types of storage-battery or dry-cell tubes. In an
a.c.-operated receiver, however, where the filament
voltages are obtained directly from, the power lines,
the operator of the receiver has little or no control
over the filament voltage applied to the a.c. tubes.
Most filament transformers are designed for a line
voltage of about 115 but in many communities,
rural ones especially, voltages in excess of this are
frequently encountered. This higher line voltage
of course affects the output voltages of the filament
transformer so that the tubes are subjected to a
filament voltage above normal.
It is suggested
experimenters
working
a.c.operated
receiversthat
include
in the circuit
some ondevice
which will enable them to control the voltage applied
to the filament transformer. In cases where the line

No. 202

, 1928

voltage is found to vary considerably so that at
times it is above normal and at other times normal
or below normal, it will be preferable to include in
the circuit a variable resistance in the primary side
of the filament transformer having a value of about
25 ohms. In those cases where the line voltage is
found to be above normal but constant at this value,
a fixed resistance may be placed on the primary side
of the filament transformer to absorb the excess
voltage so that the transformer receives its rated
voltage or slightly less, for it has been found that
a.c. tubes will generally give satisfactory service on
somewhat less than the operating voltage at which
they are rated.
When remedies for excessive line voltage, such
as we have suggested here, are made use of, each
case must be treated more or less individually, and
when, as is usually the case, the line voltage is not
constant, a manually controlled resistance may be
essential. These facts have been appreciated by
many ablereceiver
and will
partssoon
manufacturers.
that devices
be availableIt tois probhome
constructors which when placed in the primary side
of a transformer will automatically control the
voltage actually applied to the receiver, so that the
tubes willtuationsalways
receive
voltage
' 22 despite flucinthe actual
line rated
voltage.
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Farm Lighting Systems
AS A SOURCE OF FILAMENT CURRENT
32 VOLT SYSTEM
WATTS 110 RVOLT SYSTEM
IN R
OF TUBES
R
WATTS
'"PHIS
Laboratory
Sheet isreaders
provided
in response
RECEIVER IN OHMS IN R IN OHMS
to requests
from several
for information
65
on how to make use of power from a farm-lighting
1
190
installation for the operation of the filaments of
84
2
130
the tubes in a radio receiving set.
100
105
3
27
30
Farm-lighting systems are of two types, those
135
4
21
37
using a generator powered by a gas engine in which
5
43
51
15
the energy for the lights is obtained directly from
57
90
6
50
35
210
50
7
13
the generator
and
those
systems
in
which
the
gener160
ator is used to charge a bank of storage batteries
240
8
66
45
which in turn supply energy for lighting. The
80
18
voltages of these
15
58 the easier
systems erallyareeithergen-32
Two circuits are given, circuit
B
being
57 arrangement there
to use, but sometimes12 with this
or 110 volts.
may be some hum audible in the loud speaker. In
To make use
such a case it is necessary to use circuit A.
of this current in
With circuit B it is simply necessary to connect
the radio receiver
the resistance R in series with a 20-ohm resistor
it is necessary to
and connect the plus and minus A terminals to the
reduce the voltcorresponding terminals in the radio receiver.
age by means R,of
the resistance,
Using circuit B the same changes must be made
the value of the
but in addition the B minus and C plus leads are
resistance deremoved from where they connect on the receiver
and are connected instead to the center point of
the
number pending
of upontubes
the 20-ohm resistor. When this arrangement is
in the set and
used the C voltages should all be increased by
upon
the
voltage
minus duced
3 volts
toC compensate
the positive
bias proof the supply, as
with thetap.
plus and B minus
leads connected
indicated below.
to the center
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AmerIran PF-250
Power Transformer
UX 250 Power
Tubes
for
A husky transformer built for doing the
job, not for looks. The PF-250 is rated at
1200-600 volts plate, 7'2 volts power tube,
7% volts rectifier tube filament. Center
taps are provided on each of the filament
windings. Continuous rated capacity of
plate windings, 160 MA., continuous rated
capacity of each 7lA volt winding,
B 3 Amperes. DC plate output with
two450UXvolts281's
wave, up
withfullsufficient
ex- to
cess for "C" Bias.

PRODUCTS

Quality

Approved
Transformers,
Chokes
For the

Parts
and

New UX #250 Power Amplifier Tubes
For the popular new UX #250 P. A. Tube Dongan
laboratories have perfected a complete line of
power unit parts. You can assure yourself of the
maximum in performance with the proper Dongan
parts, designed especially for use with this tube.

Illustrating No. 1177
Output Transformer.
Chokes and Condensers are also mounted
in matched cases similar to the one shown
here.

AERO

Corona
Used in New

Condensers

Coil

Cooley "Rayfoto"
Of course the new Cooley "Rayfoto" uses
an AERO Inductance Coil, This special
coil is designed to meet the exact specifications ofA. G. Cooley, whose "Rayso many
experimenters
will
build.foto"Forreceiverevery
inductance
requirement
AERO Coils are proved best — by experts
and amateurs as well. Always specify
AERO Coils if you want the finest in
radio performance.
AERO PRODUCTS, Inc.
1722 Wilson Avenue Chicago, 111.

NATIONAL.
CO. INC., Announces
A new precision Dial with
type A Velvet Vernier Mechanism, German Silver face and
precision Vernier, for ShortWave Radio Use.
A new Short-Wave Condenser,
built on the NATIONAL Girder
Frame with pigtail and wide
spacing for high voltages.
A new 2Q00 volt Transmitting
Condenser, Fyrex Insulated.
Write us for Bulletin B-130
National Company Inc.
W. A. Ready, Pres. Maiden, Mass.

^7568
177
176
Condensers

Description of the
Dongan Parts, used
with the UX 250
Tube,tail is
givenissue
in dein this
of
Radio Broadcast.

A power supply transformer.
A straight power amplifier output transformer.
An output transformer for push pull amplification,
designed for all types of dynamic speakers.
and Chokes

for the complete

Filter Circuits

Set Manufacturers and Custom Set Builders
You are invited to consult the Dongan engineering department
for any desired information for your particular requirements.
Production
on all types assures satisfactory deliveries.
#1
See our
Exhibit— Booth 152 — R. M. A. Show
#1
DONGAN ELECTRIC MANUFACTURING CO.
2991-3001 Franklin Street
Detroit
V.

Helpful Technical Information
A regular feature of Radio Broadcast is the series of
Laboratory Information Sheets, which cover a wide range
of information of immediate value to every radio worker,
presented in a form making it easy to preserve them. To insure your having every issue, send your check for #4.00 for
one year's subscription, to
Subscription Department, Doubleday, Doran & Co.,
Garden City, N. Y.

RADIO
PANELS
BAKELITE— HARD RUBBER
Cut, drilled and engraved to order. Send rough sketch
for estimate. Our complete Cataloff on Panels, Tubes and
— all of genuine Bakelite or Hard Rubber — mailed
onRodsrequest.
STARRETT MFG. CO.
521 S. Green Street
Chicago, 111.

Cart*

to e 11

Conbeti£er£
ARE

RUGGED
SIMPLE

—
They
are used
and —specified
leaders—■
the Giants
of Radio
not STRONGwhereby but
athefewwhen
pennies
count
in meeting
competition,
performance isa serious business and reputations
are at stake. Need we suggest the reason ?
RECEIVING CONDENSERS
TRANSMITTING CONDENSERS
Write For Literature or
State Your Requirements
JElje alien 23. Carutor.ll jfflfg. Corp,
81 Prospect Street Brooklyn, N. Y.
Dept.B

170

RADIO

-for
BETTER

BROADCAST

ADVERTISER

Radio Broadcast Laboratory Information Sheet
July, 1928
RADIO

Tuned Circuits
CALCULATING EFFECTIVE RESISTANCE
T ABORATORY Sheet No. 198 published in the
June issue explained how to calculate the
gain
of a radio-frequency
amplifier
grid tube.
In calculating the
gain weusing
had atoscreenmake
use of the factor Jt which denoted the effective
resistance of a tuned circuit at resonance. In this Sheet we will explain
how this effective resistance is calculated.
A simple tuned circuit is indicated
in the sketch and it can be proved
mathematically that, at resonance,
the circuit between points a and b
acts like a high resistance with a value
equal -to

A manual of 36 pages and cover — with 88 illustrations and over 20.000 words of practical, concise,
readily
understood
text — prepared
Austin C.
Lescarboura
in collaboration
with ourbyengineering
staff.
"The
Gateway
to
Better
Radio-1*
tells
what'sor
what for bettering your radio receiver, amplifier
power
unit!
what's
what
in
A-C
tubes,
short-wave
reception, improved tone quality, added sensitivity
and so on!
what's what
in interpreting
radio
circuits
and and
innovations
for best
results. Usable.
Unselfish. Unbiased. Just the plain radio truth,
such as you can put to work. All for 25 cents, to
defray mechanical costs of publishing!
Order your copy of this manual now
—local
before
out oforprint
— from
radioit isdealer,
direct
fromyourus
by remitting 25c in stamps or coin
American Mechanical Laboratories, Inc.
Specialists in Variable Resistors
285-7 N. Sixth St.
Brooklyn, N. Y.

Solve
B

All

Eliminator
Problems!

Can youous recievers?
adapt a B eliminator to variCan you calculate resistances for various output voltages?
Do you understand B eliminator design?
Can you effect economy when constructing Ba eliminator?
Do you know how to use B eliminator parts most economically?
An 86-page "Laboratory Treatise on
B Eliminator Design and Construction" has been written by John F.
Rider, a national authority on radio
practice and design ... 86 pages just
full of data and 71 wiring diagrams
you can easily understand. Every
possible question pertaining to B eliminators isanswered . . . every phase of
B eliminator design and construction
is considered. Price 11.00.
This book will save you money!
RADIO TREATISE CO.
270 Madison Ave.
New York City
........... MAIL THIS COUPON
Here
my SI.postpaid
00 for theto "B Eliminator Treatise"
to be ismailed
Name
Address
City
State.

where
R = resistance of the
R is the effective
circuit at resonance as measured bepoints toa and
b the frequency
u is tween
equal
2ic times

Jo.

L is the inductance of the coil in henries
7 is the series resistance of the circuit.
The value r is the series resistance of the tuned
cuit.
circuit when actually connected in a tube cirExample: What is the effective resistance of a
tuned circuit whose resonant frequency is 1000 kc.
(300 meters), the scries resistance of
the circuitductancebeing
20 ohms
and the inof the coil
0.25 millihenries
(0.00025 henries)
(2x X 1, OOO.OOO)2 (.00025)2
20
115,000 ohms, effective resistance
If this =circuit
to be used in
40with were
conjunction
a
screen-grid
tube
the gain, calculated using the formula
given in Sheet No. 198 would be:
Gain =Gm
X R X 115,000
= 0.000350
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Line Voltage Variations
EFFECT ON TUBE LIFE
LETTERS from readers have been received by
the Laboratory from time to time to the effect
that the life of the 171 type tube used in their
power unit was very short, sometimes lasting only
about 100 hours. The normal life of a 171 type tube
should be at least 1000 hours. The probable cause,
in many cases, of such short life is excessive filament
voltage.
Theally totransformer
powervoltage
unit isofdesigned
operate within aa line
110 voltsgenera.c.
With this voltage across the primary the voltage
across the filament terminals of the 171 type power
amplifier should be 5 volts. If the voltage across
the primary is less than 110 volts, then the voltage
across the filament of the tube is less than 5 volts
and conversely, with input voltages higher than 110
volts the voltage across the filament of. the tube
will be excessive, i.e., more than 5 volts.
If the filament voltage drops very much, the
electronic emission from the filament will decrease
and distortion of the signal will result. If, on the
other hand, the filament voltage is excessive, the
output of the system is not audibly affected and so
with no audible indication of the excessive voltage,

No. 205

it is likely that it will go by unnoticed. It is excessive
filament voltage which must be guarded against
however,
if a normal length of life is to be obtained
from any tube.
The extent of the fluctuations in line voltage is,
of course, different in different parts of the country
— in large cities the voltage is generally quite constant, while in rural communities comparatively
large variations in line voltage are probable.
These problems, brought about by inconstancy
of line voltage, are becoming more serious as the
use of a.c. operated receivers becomes more popular. In such receivers, all of the tubes are operated
directly from the power line and decreased tube life
due to excessive filament voltage is to be carefully
guarded against.
The solution of these difficulties lies in the design
of a device which will automatically control the
voltage actually applied to a power unit. The type
886 tube is a device of the sort, designed to insure
constant input to power operated radio receivers,
despite fluctuations in line voltage. Several devices
to accomplish regulation by other means are also
being developed by other manufacturers and will
probably be available shortly.
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Electrical Measuring Instruments

THE GALVANOMETER
'TyHIS
is the Sheets
first ofto abeseries
of Laboratory
Information
devoted
to the subject
of electrical
measuring
instruments.
In
this
Laboratory Sheet we discuss what is probably the oldest
instrument for measuring current and voltage. This
instrument is the galvanometer, and most of our
modern ammeters and voltmeters are merely adaptations inone form or another of the galvanometer.
The galvanometer in its earliest form consisted
of a compass needle suspended in the center of a coil
of wire. When a current passed through the coil
the compass needle was deflected from its normal
position. It was termed a tangent galvanometer, for
the current flowing in the coil is proportional to the
tangent of the angle through which the needle is
deflected. The tangent galvanometer is not very
sensitive and, finding no practical use to-day, its
major interest is historical.
Sir William Thomson (Lord Kelvin) did considerable work to improve the galvanometer and
succeeded in developing an instrument of high
sensitivity. Instruments made in accordance with
his recommendations
Thomson
vanometers. Thomson are
madeknown
use ofas two
coils in galhis
galvanometer arranged to neutralize each other and
found it possible to make the needle of the instru-

ment move with only an exceedingly small current
flowing in the coils. Galvanometers of this type
have
been
made cause
so sensitive
that ^-billion
of anA
ampere would
the pointer
to deflect.
Thomson galvanometer, although very sensitive,
has the disadvantage that in its simplest form it does
not return to the zero point very quickly when the
current flow through the coil is stopped and also
the pointer oscillates back and forth for quite a long
period of time before it finally comes to rest at any
position. Thomson galvanometers can be made
more satisfactory
attaching
a vane
to theas suspension so that theby air
resistance
created
the
vane turns tends to bring the galvanometer to rest
more
type toofthe"damping"
is the quickly.
only typeThis
that mechanical
can be applied
Thomson
galvanometer and for this reason another form of
the instrument has come into more general use,
known
after its inventor as the D'Arsonval galvanometer.
In arythecoil Thomson
galvanometer
had a stationand a moving
magneticwe needle;
in the
D'Arsonval
type
we
use
a
stationary
magnetoneandanda
moving coil. The magnet is a very strong
the coil moves in a small air gap in the magnetic
circuit. The constructional features of such an
instrument will be given in a Sheet to follow this.
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Never
'fiMPEJVTE
Ulalch Dog
Of tjOU
lib.

Wears
Out
Your first cost
is the only cost.
Then why not enjoy
p ter permanently
the bettube performance
and
prolonged
tube
life
alone offered by

7he "SELF-ADJUSTING" Rheaftat
Keeps
filament
voltage wiring,
constant panel
despitedesign,
"A" battery
variations.
Simplifies
tube
control, tuning. Insist on AMPERITE.
Nothing
else
can
possibly
perform
as well. Unconditionally guaranteed.
Price S1.10 withMount*
ing, (in U. S. A.)
FREE
For sai e by all dealers.
"Amperite
of latest
circuitsBook"
and
RADIALL CO.
construction data*
50FranklinSt.JJ.Y.
'Write Department R.B. -7

Audio Frequency
Transformers and Chokes
There is a Ferranti for every audio requirement. Each unit is built to the
highest standards and tested to 1,000
volts throughout.
The 1928 Ferranti Year Book contains
60 pages of helpful information, with instructions for building, receivers, power
amplifiers, etc.
M ailed anywhere for ijc in coin,
stamps not accepted.
FERRANTI, Inc.
130 W. 42nd St.
New York, N. Y.
de
Wireless or Morse — at home with the
Teleplex Automatic Code Instructor.
\'oexists.
betterQuick
method
for— Thorough.
self-instruction
— Easy
End
o
r
s
e
d
b
y
U.
S.
Navy.
The nelnal
only
instrument that Reproduces
sending — message?, kadiogiams,
etc. Any speed. Complete Course
(6 tapes) FREE. Thirty times as many words
as any
othermastery
instrument.
Avail write
yourselt
of
the
Teleplex
for
a
quick
of theSt.,code,
for booklet BR. TELEPLEX CO., 76 Cortlaudt
New York.
BROADCASTING From The INSIDE
ETERY month in RADIO BROADCAST appears the departments
"As known
the Broadcaster
It.*' written
Carl Dreher.
the best
broadcast Sees
engineers
finTthebycountry.
Aliveonewithof
humor,
news,
apt
and
searching
comment.
Mr.
Dreher's
writings
have become
one reading
of the most
popular features
of radio
writing
where. Are you
it? Subscribe
by the year
and make
sureany-of
not missing
a
single
issue.
Mail
your
check
for
S4.00
to
Subscription Department. Doubleday. Doran & Co.. Inc.. Garden City. N. Y.

BROWNING

-DRAKE

Plans for the coming season
are now ready for dealers. A
wonderful new line of receivers, loud speakers and kit
parts has just started Brown'
ing-Drake on its greatest year.
BROWNING-DRAKE CORP.
CAMBRIDGE, MASS.

SIMPLIFIED
ANY GOOD 2 AMR
CHARGER

A

SUPPLY

RECTIFIER

VOLTMETER HERE

TO HOUSE SUPPLY _B

An A FILTER consisting of a new and different DRY condenser
of 7600 Mfd. with two especially designed choke coils of proper
size combined in one unit to supply HUMLESS A CURRENT to
any radio set.
This new filter can be attached to any good two-ampere charger
as shown, for completely eliminating the A Battery.
Without a charger, only a rectifier and step down transformer
are needed to assemble this eliminator in a few moments as the
principal wiring is done inside of the TOBE A FILTER.
TOBE A CONDENSER is also sold separately.
TOBE-A-FILTER $18.00. TOBE-A-CONDENSER $6.00
For sale by all the better dealers.
TOBE DEUTSCHMANN COMPANY
11 WINDSOR ST., CAMBRIDGE, MASS.
Please send me Pamphlet B-l on your new A FILTER and A CONDENSER.
Name
Address
:

POWER

and

QUALITY

Type 441 Push-Pull Amplifier
A PUSH-PULL amplifier in the last stage provides the speaker
with ample power to sustain a high volume level without tube
overloading, transmitting the full effects of large swings in intensity common in orchestra music.
TYPE 441 AMPLIFIER
For use with UX 226, CX 326, UX 171, CX 371, VX 210 or CX 310 tubes
Input inductance
30 henries
Input turns ratio
1:2.25
Output impedance ratio
10:1
(whole primary to secondary)
Price, completely wired ----$20.00
Licensed by the Radio Corporation of America for radio, amateur, experimental
and broadcast reception only, and under the terms of the R. C. A. license the
unit may be sold only with tubes.
General
Radio
Company
We Welcome your correspondence in regards to technical problems. Bulletin
No, 929 describing our complete line of radio parts will be sent on request.
30 State St., Cambridge, Mass.
274 Brannan St., San Francisco, Cal.
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Ionize
H

t?l 1 U

1X5.

THE SECRET OF THE
STANDARD REPLACEMENT
TUBEA B ELIMINATORS
The use of Ionized Helium, gives to
the Raytheon
"BH"a farTubelonger
a superior ruggedness,
life
and a sustained voltage. Be sure
you get a Raytheon BH for your
eliminator when the tube needs rewhich is generally every nine
to twelveplacingmonths.

Big,
Summer

New
Radio

Catalog
Dealers — Set Builders — Agents
Write for this Catalog. New Summer and
Fall Book. Save money on newest hookups,
sets, kits, parts, accessories at lowest prices.
The "Big, Friendly Radio House"
WESTERN RADIO MFG.
COMPANY
126 W. Lake St. Dept. 47 Chicago, 111.

Radio
Convenience
Outlets
Wire your home for radio. These outlets fit any standard switch box. Full
instructions with each outlet.
No. 135— For Loud Speaker $1.00
No. 137 — For Battery Connections 2.50
No. 136 — For Aerial and Ground 1.00
With Bakelite Plates
Now furnished with a rich satin brown Bakelite
plate,
markings to harmonize, at
25 centswithextra.beautiful
See Illustration.
At Your Dealers
Yaxley Mfg. Company
Dept. B, 9 So. Clinton St.
Chicago, 111.
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A Screen-Grid Resistance-Coupled Amplifier
and output capacities of the tubes, forming a shunt
ITS FREQUENCY
CHARACTERISTIC
'
around the resistors, would produce a decrease in
T'HE frequency
characteristic
of a resistancecoupled amplifier using screen-grid tubes is high-frequency response. The high-frequency reincluded on this sheet and indicates clearly the exin this screen-grid amplifier is much better
cellent quality which such an amplifier is capable than issponse ordinarily
obtained from a resistanceof
delivering.
The
screen-grid
amplifier
used
in
coupled
amplifier
using type 240 tubes. There is
making this curve was described in the June, 1928, this to say, however,
the high-frequency
Laboratory Information Sheets Nos. 195 and 196.
sponse of this amplifier that
as indicated
by the curve reon
The frequency characteristic which is obtained
this
sheet
is
really
better
than
it
need
for frefrom an amplifier of this type depends upon several
quencies above 6000 or 7000 cycles do not be,
contribute
factors. One of the most important is the voltages very much to the naturalness of the reproduction.
at
whichunit
the supplying
screen-grid tubes are operated. The
The low frequency response
of the amplifier
power
determined
by the sizeis
the amplifier should
of the denser;coupling
2500
the smaller conthe
be capable
capacity
the poorer
ing 135 to of180delivervolts
the
low-frequency
and the
screen-grid
voltage should generally
response.
Thewhich
value
2000
of
0.01
be 22i although 45
was
usedmfd.
is judging
evidently
volts is satisfactory
satisfactory
if the 180 volts is used.
from the curve, and
This curve was made SLU 1500
using 0.25-megohm O
probably siderably
values conplate resistors, 2.00.01
mfd. would smalleralsothanbe
satisfactory.
megohm
grid
resistors
and 0.01-mfd. coupling h 1000
condensers.
The high gain of this
The high-frequency
500
amplifier hasadvantages
somewhich were
disresponse
amplifier of
would bethepoorer
pointed
out
in
LaboNo. 195
with higher values
to whichratoryweSheet refer
the
100
1000
of
couplingunder
resistance
10,000
reader
for
further
inbecause
such
formation.
FREQUENCY
conditions the input
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Equalizing Wire Lines forBroadcasting
VALUES INVOLVED
TT IS obvious that the fidelity of reproduction
obtained from a radio receiver cannot be any
better than that transmitted by the broadcasting
station and in discussing the subject it is therefore
of value to know what frequencies are at present
being tions.
transmitted
the subject
better broadcasting
Some data onby this
was publishedsta-in
the
article
by
C.
E.
Dean
in
the
June,
1928, Radio
Broadcast.
What
frequencies
are
transmitted
by
ing stations depends, among other things,broadcastupon the
audio-frequency characteristics of the apparatus —
microphones,
amplifiers,
used at the
broadcasting station
and modulators
upon the —characteristics
of the wire lines used to connect the broadcasting
studio with the transmitter. Many of the better
transmitting stations are now located outside of
cities and
therefore must
a wire connection
between the transmitter
and use
the studios
located within
the city. At the present time the characteristic of
the wire lines is very important in determining what
audio frequencies
will finally be impressed upon the
carrier
wave.
The wire lines used with the broadcasting stations

are at present equalized, that is made to transmit
equally
well, frequencies
5000.is
The characteristic
of these from
lines 100
belowcycles
100 tocycles
probably quite,good, but in no case can it be certain
that a station is actually transmitting any frequencies, at their proper amplitude, below about 100
or above about 5000.
It is certain that as better loud speakers become
available capable of reproducing frequencies below
and above the limits given above that higher and
lower frequencies will be included in the transmissions of broadcasting stations. In fact we may expect that the characteristics of the wire lines will
be improved even before such loud speakers are
generallytrol inavailable.
Companya policy
cong the wire linesThehas Telephone
always followed
of being prepared to furnish lines better than are
actually essential at the time, considering the quality
of the remainder of the apparatus included in the
link between the microphone in the studio and the
loudA wire
speaker
the listener's
line atordinarily
tends home.
to transmit the lower
frequencies much better than the higher frequencies
and it is therefore the function of the equalizer
to lower the high-frequency
response
so thatband.
a flat
characteristic
is obtained over
the entire
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Power Values in Radio Receiving Antennas
RELATION OF DISTANCE AND MEASURED RECEIVER
VOLTAGE
IT IS interesting to compare the amount of power
ordinarily intercepted by a radio receiving
antenna with the power which is required to operate
an ordinary 60-watt incandescent lamp, for exIn Professor
Morecroft's some
book, figures
The Principlesample,oj Radio
Communication,
are
given for
the had
amount
of current
in a receiving
tenna which
a resistance
of about
60 ohms. an-In
the figures which he gives for received antenna
current, we find that when the receiver was located
about a mile from the particular transmitter which
was used (the power rating of the transmitter is
not given) that the current in the receiving antenna
was approximately 70 microamperes. If we square
this current and multiply it by the resistance of the
receiving antenna which is 60 ohms, we obtain the
power in the receiving antenna, which proves to be
approximately 3 X 10— 'watts. For those who do not
realizefied in what
this exponent
the orinary
way is signifies, the power speci0.000000003 watts
The power required to operate an ordinary electric light bulb is 60 watts. Therefore the power required by the electric light would be sufficient to
supply antenna power to operate approximately

twenty billion radio receivers each requiring 70
microamperes of current in the receiving antenna as
specified
above.given at the end of this Laboratory
The figures
Sheet, which have been taken from Morecrof t, also
indicate that the amount of power in the receiving
antenna varies approximately inversely with the
distance between the transmitter and the receiver.
At a distance of 100 feet the received current is
twice as great as when the separation is 200 feet.
The power
is proportional
the insquare
the cur-a
rent and therefore
a ratio oftotwo
currentof means
ratio one
of four
in power.
Twice the distance therefore
gave
fourth
the power.
DISTANCE IN FEET
CURRENTANTENNAS
IN RECEIVING
BETWEEN ANTENNAS
(MICROAMPERES)
12320
6435
200
100
400
4548
715
300
3108
283.5
1260
10596.5
3700
2420
4600
69.5
6220
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Jenkins

Readers
iiimii.icijhi uinrinnn: ..nine

Direct Selling on the Air

Radio Listeners'
of the
president
THE
Austell, described in
St. Iowa
Francis
League,
Radio Broadcast for May, direct radio selling
which assails the ears of listeners out Iowa way.
The letter below, from a reader in Burlington,
Iowa, is interesting as the opinion of a listener
located in the center of things.
To the Editor;
Permit me to say that I read Radio Broadcast regularly, and have, in fact, almost since it
was established. I have many clippings from it
and among my most valued, is a complete file
of "Laboratory
whichof IR. have
accumulated from mySheets,"
own copies
B. I am
heartily in sympathy with your editorial policy.
I read, with much interest, Mr. St. Austell's
article. Being out here in the heart of the "direct
selling" area, I may speak accurately. That was
a "warm" session in Des Moines, too. I am not
interested in direct selling, either for or against.
I am only interested in merchandising as everyone interested in the social structure should be.
But I have no direct connection with it.
First, I have never heard any outstanding
values offered over the radio. True, I do not consistently listen to those stations, but I do occasionally drift into them when the better
stations are off the air. But I am impressed with
their statements about the merchandise, when
goods of equal or superior quality may be bought
at retail in our own city at corresponding prices.
But I am impressed with the carelessness with
which the truth is handled. I believe a half truth
often more misleading than an entire falsehood.
For instance, during the time when the increased postal pay and rate bill was pending, I
heard Mr. Field address his radio audience asking them to write their senators and representatives urging them to vote against the bill, telling
them it would surely mean greatly increased
parcel post rates. The increase was actually two
cents per parcel, I believe, and regardless of the
merits of the bill, I do not believe it was parcel
post rates, but rather the increased cost of circular mailings that worried Mr. Field.
I took occasion to write Mr. Field once criticizing his broadcast on some occasion and received
in reply — a seed catalogue. And I have received
them regularly since then!
Mr. Baker of ktnt makes statements which
are possible of several interpretations. So does
Mr. Henderson, kwkh, not a seller. I once wrote
Mr. Henderson questioning some statement.
His reply was to the effect that he regretted that
I did not agree with him — that less than six in
a thousand letters received by him were uncomplimentary. No answer to my criticism at all.
Maybe the people who would write uncomplimentary letters just don't write.
I've And
playedshort
withwaves
wireless
sinceamateurs
along about
1912.
since
were
forced on them. And I've listened to Baker harp
on Monday nights about opening up short-wave
channels to broadcasting. He is squawking now
about the short wave he is on. Why not open up,
say 50 meters, and ask him to take it! Obviously,
short-waves are all right — for someone else. I
Tead your articles on this subject with much
interest.
Direct selling, no doubt, does offer undue advantage. Seems to me the solution would be organization of legitimate business men. But I
would like to see the Radio Commission out of
politics, unhampered, with equal authority to
enforce their dicta and a censorship authority of
some sort that would make station owners and
announcers adhere rigidly to facts.
Why should it be possible to say over a radio
anything that could not be printed in a newspaper or magazine? Yet they can say anything
they choose and get away with it.
Anyone with a reasonably good receiver ;an
choose his own programs. Of course, there a e <<
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lot of people in, for instance, Muscatine, who
must listen
to Baker's
ravings,
or nothing.
He is
located
in the
heart of
the city,
with almost
enough power to blanket the average five-tube
set any place in the city.
It appears to me that the real solution would
be to close up about 1 50 or 200 of the last ones
licensed. Of course, a few good ones would have
to go. But what other equitable arrangement
could be made rather than closing the last ones
licensed? Probably wjaz ought to be closed because they were perhaps more nearly entirely
responsible for the present condition than any
other one thing.
But I'm surely with you. And may it all get
out of politics, yet, before it is entirely doomed to
oblivion.
Smith Trump, Burlington, Iowa.
"Fading" Due to Street Cars Ohio,
R.
A. H. Klingbeil of Ashtabula,
M writes
as follows:
To the Editor;
Commenting
April issue.
"Strays"
from
the Lab. ontheyour
mentioned
streetIn car
effect
in a receiver has been noticeable for a long time
at my home. While I have never checked the
action for data, I have noticed that some stations
faded completely while street cars were passing
the house for perhaps 50 or 75 feet either side or
a total distance of about 200 feet maximum, and
on other occasions, the street car effect was to
"increase" the volume temporarily of the station
tuned-in.
My antenna is approximately 125 feet straight
in from pole in rear, at approximate trolley wire
height, also street car feeder wires, power wires,
arc lamp circuit, on same poles in front of my
residence. Antenna is at right angles to street
wires. There are no stations within 50 miles of
my location and the ones fading or increased by
street car action have been farther away than
that and with receiver adjusted to low volume.
House supply wires lead-in to same room
where the set is, and interior wires parallel the
antenna for 15 feet, four feet apart. Until two
weeks ago I used a waterpipe ground, later a
drilled well ground, and last two weeks a
chemical B power unit requiring no receiver
ground, and effects seem to be the same, but not
on all stations at any of the time past or present.
One of the first receivers I owned was a Fada
160 and at that time a suburban electric line
operated a 1 a.m. car into Ashtabula from a
distant point; no other cars operated at this hour.
I usually
could
hearthethecar "motor
whine"I was
for
some
minutes
before
arrived when
listening to a weak station.
The Popular R. B. "Lab" Circuit
D EADERS have written in great numbers
1*- reporting their results with the R. B.
"Lab" circuit. This was described first in our
June 1926 and in November, and December 1926
and January and February, 1927. The receiver
was redesigned with more modern parts, and in
our April, 1928, issue Keith Henney described
mea-arements on the set, showing how it was
designed and the results achieved. Among the
many letters which came in the following is of
interest.
To the Editor;
I built the Lab circuit from your schematic
diagram in the April 1 928 issue and am immensely
pleased with it. I live in a fearful radio locality:
West 76th street, New York; no antennas permitted on the apartment building, and direct
house current, so you may imagine what I am
up against. For my antenna, I drop a wire out
of the window and get splendid local reception.
Joseph C. Eggart, New York City.

Condenser

& Adair
Transmitter

For Broadcasting, Phonograph
Recording, and
Power Speaker Systems
H^HIS transmitter is a small condenser which
_J- varies its capacity at voice frequency, and
is coupledfication,
direct
a single
stage of amplicontainedinto
in the
cast aluminum
case.
The output, reduced to 200 ohms, couples
to the usual input amplifier. The complete
transmitter may be mounted on the regulation
microphone stand. It operates on 180 v. B and
6 or 12 v. A battery.
This transmitter contains no carbon, and is
entirely free from background noise. Its yearly
upkeep is practically nothing. It is extremely
rugged, and will withstand hard usage.
Price, F.O.B.
complete
with 20 ft. shielded cable,
$225.00
Chicago.
J. E. JENKINS & S. E. ADAIR, Engineers
1500 N. Dearborn Parkway,
Chicago, TJ. S. A.
Send for our bulletins on Broadcasting
Equipment

Read

Radio

Broadcast

every month. You can't afford to miss an issue. Order
your copy from your Newsdealer or Radio Store. If
you wish to subscribe direct send £4.00 for one year
or £6.00 for two years.
DOUBLEDAY, DORAN & COMPANY, Inc.
Garden City, N. Y.

ROBERT S. RRUSE
Consultant and Technical Writer
103 Meadowbrook Road, West Hartford, Conn.
Telephone Hartford 45327

A EROVOX Filter Condenser Blocks and
Resistors are Built Better. They will
ENDURE!
The Aerovox Research Worker is a free monthly
publication that will keep you abreast of the
latest developments in Radio. A postcard will
put your name on the mailing list.

EROWL
"Built Better"
78 Washington St., Brooklyn, N. Y.
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The first AC set of any
type
ever Highly
offered selective;
at so low
a price.
coils
shielded;
illuminated
dial; genuine Neutrodyne; powerful,
efficient,
proven
!
$65.00

%e

crowning

achievement

in a fiistory of successes/

FEATURES OF THE
1928-29 CROSLEY
RADIO

RECEIVERS

Genuine Neutrodyne
radio amplification with
all the increased efficiency
this superior circuit introduces.
Complete shielding which
adds so greatly to the
amazing selectivity of
Crosley receivers.
Full voltage delivered to
the plates of the tubes.
Tone and volume assurance.
A sensitivity that delights
the "old" radio fans and
thrills the new ones by
the ease with which weak
distant stations are
brought in.
Positive volume control
reduces volume without
detuning set.
Adaptability to any type
of console. Simple construction permits quick
and easy installations.
Modern illuminated dial
eliminates the annoyance
of shadows, searching for
lights in the dusk, etc.
Beautiful gold and brown
finish of receivers and
matching Musicone' and
Dynacone delight the eye.

&

Here, in a new line of radios for the season of 1928-29,
Crosley presents VALUE such as Radio has never seen ... an
engineering triumph in quality ... a production miracle in price.
Crosley represents fine radio — perfect performance and utmost
enjoyment of broadcasting at seemingly impossible prices. These
prices are possible only through years of experience, a skilled
organization and the resources of a financially sound and economically operated company.
These values are yours today because of the powerful advantage
gained through study, work and development acquired in the
Herculean task of building and selling nearly 2 million pieces
of radio apparatus.
Satisfied by laboratory and actual home installation comparisons
that Crosley radio has NO equal Crosley NOW makes it possible for every prospective radio owner to know how well Crosley
radio will perform in his or her home before they buy. Try, test
and prove the amazing Crosley receiving sets before you buy!
5
IN

DAYS
YOUR

FREE
OWN

The 0 lube AC Electric JEWELBOX
Genuine tNeutrodyne
self-conained; ful 180 voltsentirely
on output
tube
plates;
2 171 dial;
outputAcuminators
tubes, push-pull.
Illuminated
for very
sharp tuning, Power! Beauty!
Performance . . . .$90.00

The B tube AC Electric SHOWBOX
ANeutrodyne,
new completely
shielded genuine
self-contained
illuminated dial;
full 180 voltsreceiver;
on the
plates of 2 171 output tubes, push-pull.
Think of it
$80.00'

TRIAL
The 6 tube Improved Battery type BANDBOX
Proven dyne;
star shielded;
of Crosley radio Neutrodial;
Acuminators
providingilluminated
acute sensitivity- Refinements make it unequalled
in its held regardless of price.. ,$55. Oft

HOME

This is the NEW way . . . the CROSLEY way to buy radio.
First advertised nationally by Crosley last April.
Study the sets shown at the left. Then go to the nearest Crosley
dealer. Ask for a FREE trial. Learn in the quiet and privacy
of your own home what wonderful sets the 1928-29 Crosley's are.
Enjoy their performance! Delight in their beauty! Congratulate
yourself on their prices!
Over 18,000 Crosley dealers serve the United States, but if you
cannot locate one near you send us this coupon and we will arrange ahome demonstration
for you at
once.

The 5 tube Dry Cell Operated BANOOX, Jr.
Modern radio reception forplaces where
electric current is not available or storage battery rechargingand isexquisite
inconvenient.
Wonderful
Constructionvolume
features the ame tone.
that
make other models such outstanding
values
$35.00
DYNACONE
$•.15.00 Ml'SICONE
$15.00
pedynamic
anote
New5Amazing
DYNACONEto the
re::
produces
every
audible
i
human
ear and
withrealism.
remarkable fidelity,
naturalness
The asfamous
Musiconemagnetic
still leads
world
its greatest
type theof

t0)et meo«»estCrosm

Cincinnati, Ohio
(1 West priies slightly higher

Send set
'^Addrc« ■•^T^'LL —

Send HtwW
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Radio
Convenience
Outlets
Wire your home for radio. These outfit any standard
instructions
with eachswitch
outlet.hox. Full
No. 135— For Loud Speaker $1.00
No. 137 For Battery Connections 2.50
No. 136 -For Aerial and Ground 1.00
With Bakelite Plates
Now furnished with a rich satin brown Bakelite
plate,
markings to harmonize, at
25 centswithextra.beautiful
Sec Illustration.
At Your Dealers
Yaxley Mfg. Company
Dept. B. 9 So. Clinton St.
Chicago, 111.

RELAY
Used

Hi

For velvet-like
tone and performance, use
Televocal Qual
ity Tubes. All
standard types.
Ask for them at

Exclusively
in the

your dealers.
COOLEY
Rayfoto Receiver
Approved by
A.G.CO OLEY
For Further Information Address
L.S.BRACH
MFG.
CORP
ENGINEERS AND MANUFACTURERS
NEWARK N J U.S.A.
TORONTO. CAN

Equalizer
Improves the Volume and

Televocal Corporation
Televocal Building

Quality of any Pick-up
By matching the impedance of the pick-up with the
primary of the first audio transformer, the gain in
volume and the improvement in tone quality is such
that you
will hardly
ment is being
used. believe that the same instruThe AmerTran Equalizer, with its three tapswill almost exactly match the impedance of
any
pick-up with the primary of good audio
transformers.
Designed especially for use with the
AmerTran De Luxe 1st. stage, but will
work efficiently into the primary of
any
good1080,
transformer.
"Write thisfor
bulletin
fully describing
unique device.

Dept. B-l, 588 12th Street
West New York, N. J.

Quality

Tubes

RADIO
DEALERS
Big, New
Summer
Radio
Catalog

ELECT

RAD.

Dealers — Set Builders — Agents
Write for this Catalog. New Summer and
Fall Book. Save money on newest hookups,
sets, kits, parts, accessories at lowest prices.
The "Big, Friendly Radio House
WESTERN RADIO MFG.
COMPANY
126 W. Lake St. Dept. 4S Chicago, 111.

Send

for our catalog

illustrating the products of over 100
radio manufacturers.
WHOLESALE

ONLY!

F. D. PITTS COMPANY
219-223 Columbus Ave.
BOSTON, MASS., U. S. A.
Established 1919
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forthcoming S-M developments;
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N four short years Silver-Marshall, Inc. has forged up
from obscurity to the position of dominant leadership in
the radio parts and kit field — interesting, you say, but just
what does that mean to you?
S-M leadership means just one thing — better radio for less money.
Ask any one of the thousands upon thousands who enjoy radio to
the full thru S-M kits and circuits. Ask the multitude of experimenters
who have literally used and recommended S-M into first place; who
two years ago swept S-M audio transformers into unquestioned
leadership thru a veritable avalanche of approving purchases and
who have held S-M audios at the top ever since. Ask the thousand
odd Authorized S-M Service Stations who have built a profitable
business and satisfied customers on S-M stability and worth. Or ask
the dealers and jobbers who have seen S-M rapidly crowd competitors from their shelves, to become in four seasons the largest
selling, most profitable parts line.
They'll all tell you that S-M leadership means better radio at less cost.
And S-M will lead again in 1928 and 1929 by giving you new
developments that enable made-to-order or home-built radio sets to
equal in external finish the finest factory productions, parts that
place the performance of such sets utterly beyond competition, and,
thru knock-down kits, radio receivers that will consistently and
positively outperform all ready-made sets at anywhere near their
amazingly low prices.
New S-M Offerings
The 720 Screen Grid Six, a six-tube dual control screen grid receiver
kit at $69.75 complete with all-metal assembly, individual stage
shielding, and averaging 10 KC selectivity against powerful locals — a
set that brings in forty to a hundred stations in one evening. This set
can be had for A.C. operation at $74.00 for 171, 210or 250 power tubes.
And at $49.75 S-M offers the 740 "Coast to Coast" Screen Grid Four
a kit that is a revelation in four-tube results. Type 700 metal shieldset, finished
is but It$8.50
illustrated
cabinet asduo
in8 attractive
in
tone brown.
givesadditional,
to each a for
new either
standard
of style
and distinction.
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THE RADIOBUILDER is $120.00. It is complete with aluminum shielding cabinet and will
newsy, and timely, and, above all, bring in 100 stations on any average evening.
month!, key
The S.M. «Round
toit isallthethe condensed,
detailed constructional
.the World" Short
, .Wave
- , - sets
A^ - are the trimmest,
data you desire, for in it are listed most efficient short wave sets yet, priced from $36.00 to $51.00 comand previewed all new S M plete with shielding cabinet. New S-M condensers are marvels of
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fachcent°t stamp.
Vhicil rigidity
and flexibility
and triple types.
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Fill out the coupon below if Public Address Unipac — the first really high-powered amplifier yet
you'd like
to keep abreast of new offered — is priced at only $160 wired, or $124 for the kit. It will
radio
developments.
turn out music or voice that can be heard by 1000 to 10,000 people.
If you want a veritable mine of Of course, the most startling audio development of the last two
Hadio information, fill out the years would logically come from S-M laboratories, as it did two years
coupon and it's yours!
ago. The new Clough audio transformers have been deservedly the sensation of the June radio trade show. In open
■ ■ 1
comparative tests S-M 255 and 256, $6.00 transformers have
Silver-Marshall, Inc.
I
excelled the performance of all competitive types tested,
838 - W. Jackson Blvd., Chicago, III.
g
regardless
cost. The 225 and 226 transformers at $9.00
Enclosed find in stamps for which ■ each simplyof leave
the most skeptical marveling.
please send me
I
These and many other startling new S-M parts leave
(50c) BUILDERnext
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small wonder at S-M leadership. They prove that you can
, or
■ get the best radio for the least cost from S-M.
(1.00)
next
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Please send me the following S-M DATA
SHEETS, at 2c each:
SILVER MARSHALL,
Inc.
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POWER No.
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-W. Jackson Blvd., Chicago, III.
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I am a professional setbuilder. I am
interested in your Authorised Service Station plan.
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TELEVISION, for the moment, appears to be drawing perhaps more than its just share of attention. Our leading article
in the July number explained some of the most serious limitations oftelevision systems and pointed out the greatest obstacles which are yet to be overcome. In this issue, Mr. Clarkson
discusses the results which can be had from some of the systems which may be before the public. If Radio Broadcast
does
not
rush our
intoreaders
print may
withforgive
"constructional"
articles
on
television sets,
us. We strongly
doubt
that even the most enthusiastic of experimenters will be content with the results he can achieve from the transmissions now
taking place. Television, we fear, is now rather a glittering idea
than an accomplished fact. As the apparatus made available to
the experimenter improves, we shall publish instructions on
how to use it. It should be noted that the transmission of television signals on broadcast frequencies now seems to offer definite limitations in quality. The short waves — already nearly
overcrowded with other services — offer the only possibility,
both in still and motion picture transmissions, for improved
quality (unless some new system is developed), and it is our belief that they should be employed at the start of our technical
gropings in this field.
ONE hears the argument that if only the experimenter is permitted to investigate television — and still picture transmis ion— the play of his ideas will hasten the day when seeing
■ by radio at a distance is general. It is certain that almost
everyone, except those who are technically informed, feels
that radio motion pictures, in sufficient detail and size to be
comparable with good fidelity and volume in broadcast re
ception, are shortly to be attained. Attained in some mysterious
way, like the radio transmission of power, for example. Television apparatus thus far shown is little more than a laboratory
toy, remarkable perhaps, but still a toy. And, while the tightly
closed doors of large laboratories may even now contain experimental secrets which will in time smooth the way, so far as
the published facts go, television is still a laboratory matter.
THE Trade Show recently concluded at Chicago offered
nothing startling. The complete sets presented showed
some features of interesting design — a six-tube battery operated
set consuming 8 mA. in plate current, for example. There was
no great stir over automatic or semi-automatic tuning control
as offered in some receivers. The parts and accessories presented
were of better design and were lower in price. It is quite apparent that the set builder in the coming season can choose from
highly satisfactory apparatus, can assemble it at a low cost, and
the result will be not only a good-looking set of fine performance,
but one which will compare favorably in cost with completely
assembled sets. Every maker, it seems, has a dynamic type loud
speaker, many of which are excellent.
A REGRETTABLE error occurred on page 128 of the July
number of Radio Broadcast, in the article, "What Hope
for Real Television?" The captions for the two diagrams on
this page were reversed. The diagram at the upper left is the
Clarkson television camera, and that at the lower right the
television projector.
— Willis Kingsley Wing.
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Knob-Control
Drum

Dial

A richlydizedembossed
oxibronze escutcheon of exclusive
design
and graceful
proportions. Figures
and
graduations
are
inated from the illumback.
Increase
AMMARLUND now offers a new illuminated drum dial of unusual beauty, rugged
design, and distinctive mechanical features.
It is controlled by a knob, cleverly planned to be
placed in any position on the panel, desirable for
attractive balance.
H

your

radio

enjoyment
each
BY replacing
1tube in your set with
a new Cunningham
Radio Tube you are sure
of clear, resonant tone.
You

are virtually giving new life and energy

to your radio, and you
thereby increase your
radio enjoyment.

Don't

use old or inferior tubes with new

ones — use

new

Back View
Note position of the
Control
Knob. ByShaft
using a Condenser
of suitable
length, the
Control Knob may be
placed atfrom
any thedesired
distance
dial,
thus giving a pleasing
balance to the front of
the panel.

The driving mechanism utilizes an exceptionally
strong silk and linen cord, gripping a drum, snubber fashion. It cannot slip — absolutely no backlash or lost motion.
Thoroughly tested for wear under actual working
conditions, this cord withstood 36,600 full-range
movements of a large multiple condenser without
stretching, fraying or breaking. It will never receive similar treatment in average use.
The original Hammarlund two-finger-control Drum
Dial, introduced last season, will be be supplied for
those preferring that type.
Ifto your
supply you, write
direct
us. Dealer
Ask forcan'tHammarlund
literature.
HAMMARLUND
MANUFACTURING
COMPANY
424-438 W. 33rd St.
New York

tubes

throughout.
I" Xjook
for the namel
CUNNINGHAM!
on the Orange and
Blue carton
E. T. CUNNINGHAM, Inc.
VNew York Chicago San Francisco J

BROWNING

-DRAKE

Plans for the coming season
are now ready for dealers. A
wonderful new line of re'
ceivers, loud speakers and kit
parts has just started Browning-Drake on its greatest year.
BROWNING-DRAKE CORP.
CAMBRIDGE, MASS.

AERO

Corona Coil
Used in New
*
at
bo
"Rayfoto"
ey
Cool
Of
new Cooley
"Rayfoto"
uses
an course
AERO the
Inductance
Coil.
This special
coil is designed to meet the exact specifications of A. G. Cooley, whose "Rayfoto" receiver so many experimenters will
build. For every inductance requirement
AERO Coils are proved best — by experts
and amateurs as well. Always specify
AERO Coils if you want the finest in
radio performance.
AERO PRODUCTS, Inc.
1722 Wilson Avenue Chicago, 111.
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Radio Brings the Stock Exchange to the Wilderness
At Bow Lake, in the Canadian Rockies, the portable receiver carried by Lewis R. Freeman, on the HarmonFreeman Expedition of
brought in United States
184 and Canadian stations from coast to coast. This
picture shows Mr. Freeman typing off the broadcast quotations from the San Francisco Stock Exchange.
On one occasion, when these quotations indicated a movement in a certain stock, Mr. Freeman sent an
order to his broker by carrier pigeon which resulted in a substantial profit. The portable set used, though
it was banged about and even submerged in water on occasions, functioned admirably for the whole trip.

HE PLANS TELEVISION FOR WRNY
Theodor Nakken is shown here with a television receiver designed to receive the television broadcasts from wrny. The Nipkow disc and its driving motor are set at an
angle, and the sloping panel which covers the front of the receiver has a small window
through which the images are viewed.

What

Can

We

See

By

Radio?

By R. P. Clarkson
Author of "The Hysterical Background of Radio'?
'ORE and more the most enthusiastic
radio fans are wondering what all the
M shooting is about. They realize that
true television is not here but it is apparent that
something is happening. Just what is being
done, how it is being done, and what any fan
can
to be
"in theBroadcast.
swim" is the purpose of
this do
article
in Radio
First of all. the fan will come to realize that he
faces a new handicap. He has been used to twirling the dials and getting one program as easily as
another. The set that reproduces any music from
wgy will also give any music played at wrny.
Nowi he is to find that while he may tune-in on
the pictures from either station, the television
receiver which works on wgy's experiment won't
do a thing on wrny, and vice versa. This, it
seems to many of us, is particularly unfortunate
at the beginning of the new pastime, particularly
as there is no reason for this condition except the
whim of the sender or the desire of the manufacturer tobe exclusive.
The heart of all present television devices is the
Nipkow disc, which dates back to 1884. It is
a rotating plate with a series of spirally arranged
holes; aluminum is the material generally used
for the disc. The speed of the disc is always
determined by the number of pictures sent per
second. This speed is capable of variation, of
course, because the disc is driven by an electric
motor and the motor speed can always be
changed. In the commercial devices I have

seen, however, there is no provision made for
any considerable speed change. The fan who
builds his own device can insert a speed control
to advantage.
A PICTURE Ij INCHES SQUARE
NOW, as to the size of the picture, nobody
needs to ask what size is being transmitted.
It makes no difference to the receiver so long as
the picture is square. Your receiving projector
can be arranged to give you any size your heart
desires, limited only by the si\e of the illuminated
plate in the neon receiving lamp. The Raytheon
type of neon lamp with \\" plates will safely
cover a picture image lj" square. Probably
no manufacturer will go much larger. Commercial receivers now planned are of that size
or smaller, although at least one will put a
magnifying lens in front of the viewing plate.
This will enlarge the image and decrease the
quality but make the picture more easily seen
by a group.
While the plate of the neon tube will absolutely limit the maximum picture size you can
get, the spacing of the holes in the spiral disc
and the pitch of the spiral will determine what
size picture is actually projected at the receiving
end. That is, if the holes
1 are spaced one inch
apart and the inner hole 8is5 one. inch nearer the
center of the disc than the outer hole, your picture will be one inch square. The spacing of the
holes determines the width of the picture. The

pitch of the spiral determines the depth of the
picture. The size of the holes themselves is
automatically determined by the size of the picture youDivide
want and
number
"lines" byto the
the
picture.
the the
depth
of theof picture
number of lines transmitted and the result
will be the diameter of the holes. Preferably,
they will be a few thousandths of an inch larger
than this calculation gives, so that each line will
overlap the preceding one very slightly.
These technical details are all that distinguish
one apparatus from another. First, the speed of
the disc, which must turn each second the same
number of times as there are pictures per second
transmitted. Second, the number of holes in the
spiral, which must be equal to the number of
lines per picture transmitted. These two facts
must be known, and undoubtedly will be published by each station as it takes up television
transmitting. At present, wgy sends 24 lines per
picture and 21 pictures per second, wrny will
send 36 lines per picture and 10 pictures per
second. Hence, the speed for a disc to receive
wgy must be 21 revolutions per second or
1260 r.p.m. For the Nakken pictures from
wrny there must be a disc speed of 10 revolutions per second or 600 r.p.m. On the other
hand the wgy disc will have 24 holes in a spiral
while the Nakken disc will have 36 holes. For
the same size of picture, therefore, the Nakken
disc must be larger, but it goes at half the speed
and will give better definition.
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Of course, if you can vary the motor
speed 100 per cent, through the range of
600 r.p.m to 1260 r.p.m., the substitution of discs will let you receive either
station at will. Or, it is possible to have
two sets of holes in the same disc. The
spirals may be concentric and the speed
changed, or a large disc used and the wgy
spiral placed only half way round, with
two such spirals for each disc, and the
wrny spiral all the way round. The disc
would then need a speed of about 600
r.p.m. to receive either number of pictures.
These matters will be brought out in
various constructional articles and are
mentioned here only to indicate the details in which one receiver will differ from
another. The point is that it is only in
the disc that any distinct difference will
lie between the various television systems,
with the exception of the Baird arrangement— and he will probably come to this
sooner or later, just as Jenkins and Alexanderson have.
WHO IS DOING THE WORK?
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adopted, so far as known. The fact remains, however, that the legal sideband
possible without interfering with the next
station is 5000 impulses, and it makes no
difference, so far as interference is concerned, whether these impulses arise from
sound variations at the studio or light
variations which are transformed into
electric impulses. It is true that wgy was
given almost carte blanche on the occasion
of one demonstration to the press. Various editors and writers still tell how much
better that demonstration was than anything else they have seen, apparently not
realizing that the use of 20,000 or more
impulses to the pictures naturally would
be infinitely superior in results to any picture, regardless of how it was sent, that
uses 5000 impulses or less. The difference
would be much greater than that between
a newsprint half-tone of poor quality and
the fine prints made for framing. The legal
limitation must be overcome by some new
method of transmission before even the
crude possibilities of present television
devices can be realized.
NEON TUBES FOR SALE
The contrast of the picture will depend
THE roll of sponsors for television apThis window display in New York's Radio Row offers the tele- upon the relative light intensities of the
paratus at present include Nakken,
vision fan neon lubes at the modest charge of fifty-five cents, and
who is manufacturing; Jenkins, who is a glimpse at a distinctly experimental set-up for television recep- neon plate under slight voltage fluctuations or on the extent that those fluctuation. The si;e of picture possible may be judged from the opening
negotiating with a view to manufacturin the board behind the magnifying glass. Obviously the magnitions are varied. The brilliancy of the
ing; Baird, who has interested American
manufacturers; Alexanderson, whose firm
fying glass is a very necessary part of the set-up
image will depend largely on the size of
the holes in the disc and the speed of the
seems at present only interested in
broadcasting pictures experimentally at wgy;
should preferably be changed to straight resist- disc. High speed and small holes will make an
ance coupling until transformers are available
and a Boston group of experimenters who animage hard to see
nounce that wlex will be on the air with pic- which do not have a distinct cut-off of freWHAT WILL THE FAN SEE?
tures before long. Nakken will use wrny.
quencies above 5000 cycles.
For the present, however, there is a legal limit
While all the other devices use simple neon
THIS
to a consideration
of whatbrings
is tous,be ofsentcourse,
and what
you can see
lamps in the set output instead of (or in series of plus and minus 5000 cycles for the width of
sidebands and this limit will not be exceeded.
through these whirling discs. There is much talk
with) the loud speaker, the lamp being viewed
While the wgy figures give a possibility of 12,096 of sending the pictures of performers so that
through the holes of a rotating Nipkow disc,
Baird has been using a lamp, a Nipkow disc, a impulses per second, basing the modulation of you can see them and hear them, too. There may
be an occasional attempt at this. Only the head
slotted disc, another disc, a mirror, and a collec- each line as equal to the number of lines, actually
tion of prismatic cells at the receiving end. At the simplicity of the picture and quantity of will be sent, and no groups, such as orchestras,
present this assorted collection is being sold white space in the background cuts down the will be included. A single head can be put
across, but it will be hardly recognizable except
abroad. It is believed, however, that the Ameriline modulation. Likewise, Nakken's intention
for the outline. You will know it is a head and
can type of the Baird receiver may be simply a to send 36 lines and 10 pictures per second
would run into 12,960 impulses per second if distinguish between a man or woman. With
Nipkow disc, a slotted disc, and the collection
each line had 36 modulations. Here, too, the proper make-up on the face, which art may be
of cells, together with the neon lamp. This
was illustrated in the July Radio Broadcast
simplicity of the figures and the abundance of developed especially for a televisor, possibly a
white background will act to bring the actual
distinctive type of face and head can be recin the article "What Hope for Real Television?"
picture within the legal 5000 impulses per
ognized. Asneeze on the part of the artist, and
(P- 125)
second.
the face will disappear. I am also inclined to
So far as reception itself is concerned, any
receiver with sufficient amplification and a power
It is not meant to imply that any regulations
believe that any attempt at singing by the artist
output can be used. Actually, the audio amplifier
specifically limiting television have been while before the televisor will result in a blank

Actual size and shape '
of image with 2" radius
to outer hole

■ Actual size and shape
ofto image
outer with
hole 4" radius

THE ACTUAL SIZE OF PICTURE POSSIBLE
This shows how the si{e of the scanning disc determines the si^e of the received picture. When the si%e of the disc
is such that the radius from the center to the outer hole is two inches then the received image has a si\e and shape as
indicated in the left hand shaded portion in this diagram. If the disc has a radius of four inches to the outermost hole
then the si\e of the picture is as indicated in the shaded portion at the right. In both cases, however, the total number
of scanning lines is the same and therefore with the four-inch radius the number of lines per inch is only half as
many as with a two-inch radius. Consequently the larger the radius the less apparent detail there is to the picture.
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be such that he can get any
screen, judging from the fact that
image broadcast. Imagine any
in a demonstration a slight yawn
radio receiver manufacturer tryon the part of one subject caused
ing to merchandise nationally a
his face to drop off the screen.
radio set which would receiveonly
Actually, no proponent of the
one station or one fixed wavenew art seriously contemplates
length! Yet that is just what the
this type of broadcast. Every one
televisor producer plans to-day.
of them has in mind transmitting,
The cost of the commercial
not from living images, but from
television attachment for a radio
photographically recorded carreceiver will run to about $150.
toons, using outline figures and
That
means home-built apparatus
silhouettes of the type shown in
for most fans. He jean buy a first
the comic strips. With these some
quality neon tube for $12.50, with
degree of motion can be seen and
the promise that this will go down
the figures themselves can be so
to about $7.50 as soon as there is
different in outline, as in the case
a demand that warrants a quanof Mutt and Jeff, that the observer will be able to follow the
tity production. The motor will
cost from $9 upwards. It need not
action. You can tell whether little Jeff is leaning disconsolately
be over g-horsepower and, if belted to the disc, even a smaller
against a lamp post or sitting at
motor may be suitable. The big
a table taking refreshment, but
difficulty will be in getting a suitit will not be possible to disable disc, unless manufacturers
tinguish whether Mrs. Mutt hits
wake up to the fact that this
her distinguished husband with a
rolling pin or a frying pan. You
piece of the apparatus must be of
will be able to see the hit but
a high degree of accuracy. The
cost of a suitable aluminum plate
not the sparks nor the lump that
RADIO ROW SEES A NEW BOOM
with the spiral holes cleaned out
grows on the bruised spot.
and countersunk will be quite high
Knowing what is being sent,
Down in New York's Radio Row, the crowds are thronging in the old 1923
fashion. The reason is apparent in the arrow-shaped sign at the top of this picture
but well worth while in comparihow it is being sent, to what degree itwill be received under the
son with the paper discs now makbest conditions, and how to receive it, still leaves
subsidized by the larger ones and, moreover,
ing their appearance in conjunction with a little
would tend toward standardizing the speed of neon night lamp now being widely sold for
a good deal to be said. Nobody at this moment
knows how satisfactory home built apparatus is all receivers and prevent the growth of a multitelevision purposes — for which it is worthless.
This little bulb is good, however, to indicate
tude of separate forms of transmission which
going to prove, or how the broadcasts are going
to go over in the face of possible static and other ultimately must be brought together. Sooner or whether you have a.c. or d.c. current, as it glows
interference from internal and external sources.
later the purchaser will demand that his receiver
on both plates only with a.c.
We do know that even mechanical vibration
of the receiver makes the screen blank. In that
Direction
particular, we recall the old cat's-whisker-andcrystal days when every member of the household had to sit rigid and hold his breath at the
moment of an announcement. The rumble of a
truck or the passing of a trolley might upset the
sensitivity. All this is true of such home-built
W =H
apparatus as has come to our attention. It may
be equally true of commercially built receivers.
The problem of synchronization is not solved
in any commercial type of apparatus yet disclosed. The best that any manufacturer contemplates ismanual speed control of the motor.
This is a hand operated rheostat, and it needs
but little imagination to see that it is very
difficult to hold the image in this way for more
than a fleeting glance now and then, especially
if the line voltage variation or fluctuation is
very frequent. I am inclined to think much better results could be obtained with a six-volt
motor on a storage battery. Any fan could do
that, of course, as the particular source of the
energy which turns the disc is of no importance.
Even a spring motor would work if the speed were
great enough, the power sufficient, and the period
of operation long enough. I am informed that at
least one manufacturer plans a device fixed
automatically for only one speed, being even
more accurately governed than a phonograph.
Any variation in speed is detected by observing a
second neon lamp through an auxiliary spiral of
holes in the scanning disc.
Personally, 1 have confidence only in the
establishment of a synchronizing station, perhaps one of the smaller ones forced from the
broadcast field under the new law. For the
television camera described by me last month,
A SCANNING DISC LAYOUT FOR WGY RECEPTION
such a station sending constantly a 10-cycle sideband or a 1000-cycle sideband, or both, would
The number of holes in the disc is determined by the constants of the apparatus at the transmitting end —
not only take up little room in the spectrum,
24 holes is the correct number to receive the pictures beings transmitted by wgy. W is the width of the
but furnish synchronizing means to transmitter
picture and H is the height of the picture as it appears to the observer, the shaded portion therefore representand receiver alike. Such a station might well be
ing the actual si{e of the picture received with a disc of the above dimensions.
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THERE is no part of a broadcasting system,
beginning with the studio and ending with
the listener, which does not add its quota
of distortion to the original performance which
takes place in the broadcasting studio. Since the
loud speaker is the last link in the chain of
technical apparatus used in the system and the
device which finally emits the reproduction of
the original performance, it is natural, in fact
almost traditional, to render judgment against
the loud speaker for the accumulated deficiencies
of the entire system, including the listener.
While it is true that the loud speaker has been
a gross offender in the past, and until recently
the weakest link in the chain, there are many
possible imperfections of the system which are
in no way chargeable to this much maligned
device.

' / ' HIS article comes as a very timely comment
J- cm the present sweeping interest in loud
speakers. The recent Trade Show at Chicago proved
that the field of loud speaker development is at
present the most active branch of radio. Mr. Morgan
covers the whole field in a clear and concise manner,
summing up the theoretical requirements of the ideal
loud speaker, the various kinds of units that have
been devised to meet these requirements and the results that may he expected from the present day
types of loud speakers. Although the specific makes
of units on the market to-day are not mentioned by
name, the data in the text and the accompanying
response curves should enable the reader to decide
upon the type of loud speaker that will give him the
kind of service he desires. In addition, Mr. Morgan
gives some valuable hints cm the proper way to make
a non-technical comparison of loud
speakers.
— The
Editor.

THE NATURE OF MUSIC AND SPEECH
A LT HOUGH much has been written concerning the physical nature of speech and music,
a brief review may not be out of place here,
since it is fundamental to any study of loud
speakers
Sounds are more or less regular vibrations
in material media. The most important of these
media is air. The most important properties of
sound are pitch, intensity, and timbre.
The pitch of the sound is determined by the
number of vibrations per second of the sounding
body. When we speak of a musical note being
high or low, we are speaking of the pitch of that
note.
The intensity of a sound we ordinarily refer
to as the loudness of the sound.
The quality of the sound is called the timbre.
For example, the violin and the trumpet have
different qualities or different timbres.
All musical instruments emit certain vibrations which are called fundamentals. We can,
for example, play middle C on the piano or
violin, and the pitch of these tones will be, let us

say, 256 vibrations per second. We are, however,
enabled to distinguish the middle C's of the
piano and the violin by what are called "overtones." These overtones are, in general, exact
multiples of the fundamental pitch. For example,
a certain instrument may have a fundamental (middle C in this instance) of 256
vibrations per second, with overtones of
512, 1024, 2048, and 4096; while in another instrument the overtones of 1024 and 4096 may be
practically or entirely missing. Therefore, the
middle C would sound quite different when
played on the two instruments. In other words
the overtones v/hich are present in a tone, and
their relative intensities with respect to the fundamental, determine the timbre of that tone.
The piano, for example, has 88 notes or fundamentals. Each fundamental is associated with
its own group of overtones, and this particular
grouping of tones gives the piano its characteristic quality.
In the reproduction of speech and music it is
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therefore essential to reproduce all of the fundamentals and overtones in their original proportions. None may be omitted, none may be added,
without causing distortion. Gross failure to observe these facts results in music which is unnatural and in which the various instruments
are indistinguishable, and in speech which is
unnatural and unintelligible.
function of the ideal loud speaker
\ A /HAT constitutes the ideal loud speaker
" from the point of view solely of tone quality? Assuming the broadcasting, the transmission of the radio waves through space, and the
remainder of the receiving apparatus to be ideal,
should the loud speaker reproduction be an exact replica of the original performance in the
studio? The answer to this question is not so
simple as one might, at first glance, suppose. In
this apparently simple question there are involved physical, psychological, and physiological
factors. It is not possible in this article to analyze the many factors involved, even aside
from the fact that the relative importance of
some of these factors is not yet known. A few
illustrative points, however, may not be out of
Amongst the important physical factors to be
considered is the relationship which exists beplace. tween the broadcast performance studio and the
broadcast listener's room. The voice of a speaker
delivering an address to an audience in a large
auditorium will sound anything but natural if
accurately reproduced in a very small living
room. An orchestra, playing in a hall which has
good acoustics, will sound most unnatural if
accurately reproduced in a small resonant room;
one, for example, with bare floors and walls, and
containing very little furniture. It is very probable that a loud speaker could be constructed with
certain intentional distortions which would give
a better illusion of reality, in such a case, than a
loud speaker causing no distortion.
As to the psychological factors, there are
people who actually prefer certain types of faulty
reproduction to the original, and there can be no
question that a poor loud speaker may under
certain conditions flatter a poor performer.
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For example, a loud speaker whose response is
poor at the higher audio frequencies will fail to
reproduce much of the unpleasantness of a nasal
voice or scratchy violin playing.
It requires little stretch of the imagination
to believe it possible that distortions of various
types may, in the future, be intentionally introduced into the system in order to produce new
musical effects.
As an illustration of the physiological side of
the problem let us consider the question of
volume. It is a fact, unfortunately not sufficiently well observed, that even accurate sound
reproduction will produce serious distortion in
the ears of the listener if the volume of the reproduction istoo great. This distortion is an
"overloading" of the ear of a similar nature to
the overloading of a vacuum tube.
We see from this brief discussion that the
system does not end with the loud speaker, but
with the listener; and further, that the problems
which arise after the loud speaker has completed
its task are not by any means unimportant.
For the purposes of the following discussion,
however, we shall assume that it is desirable for
the loud speaker to produce an exact replica
of the original performance, and leave the
special considerations of the listener, and the
listener's room, for a later time.
THEORETICAL REQUIREMENTS
BASED on this simplified view of the problem,
what should an ideal loud speaker do, if used
in an ideal system?
Theoretically such a loud speaker should reproduce all the frequencies from 8 cycles per
second to 12,000 cycles per second — nearly
eleven musical octaves — without omission of
any frequencies, and it should reproduce this
entire band of frequencies without discrimination; in other words, without frequency distortion. It should not produce any frequencies
not present in the original sound; in other words,
it should not introduce non-linear distortion. It
should be capable of delivering its output at
sufficient volume without the introduction of
distortion due to overload or mechanical striking
of any of its parts. It should be efficient; that is,
the ratio of the sound output power to the
electrical input power should approach as nearly
as possible to unity. Its performance should be
independent of ordinary atmospheric conditions.
It should be rugged and durable. It should be
either inconspicuous or decorative — or both.
Needless to say, an instrument possessing all
of the desirable qualities stipulated above cannot be found this side of paradise. Fortunately,
however, we may fall short of this perfection and
still obtain excellent results.
We shall examine in detail each of the above
qualifications to see how much variation is
consistent with a practical loud speaker, and we
shall then compare these practical considerations with the actual limitations of present-day
loud speakers.
First, let us consider the item of frequency
range. It has been demonstrated that a frequency range of 30 cycles per second to 10,000
cycles per second is consistent with practically
perfect reproduction of both speech and music.
In fact, a system which reproduces 30 to 6000
cycles is distinguishable only by direct comparison from one which reproduces the entire range.
As to amplitude, it has been determined that a
variation throughout the frequency range of
less than 5 tu is almost negligible, and of more
than 1 5 tu is serious.
As to non-linear distortion, it has been estimated that the presence of frequencies in excess
of 5 per cent, (based on the energy of the original
sound) is disturbing.
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The efficiencies of most loud speakers are low,
a value of one half of one per cent, being average.
In other words, the power tube of the last audio
stage delivers 200 units of electrical power to the
loud speaker for each unit of sound power delivered by the loud speaker to the air. Of loud
speakers built for home use, there are few which
have an efficiency of as much as 2 per cent. The
losses occuring in loud speakers are: (1) The heat
losses in the coils; (2) The hysteresis and eddycurrent losses in the magnetic circuit; (3) The
work done in bending the diaphragm; (4) Losses
due to air friction which do not contribute to the
production of sound waves. If it were not for the
very low efficiencies due to these losses it would
not be necessary to use large power tubes in the
last audio stage, to deliver the necessary power
without overloading this stage.
An example may make this more clear. Suppose that a given good speaker, having an average efficiency of § per cent, is used in an average
living room, and that it is necessary to use a type
210 tube in the last stage of a two-stage audio
amplifier to obtain reasonable volume without
appreciable distortion. If this same reproducer
had an efficiency of 50 per cent., the same volume
could be obtained with no increase in distortion
by using a type 199 tube in the last stage. In
other words the smallest of the standard dry-cell
tubes operating with a plate voltage of only 90
volts would be quite as effective as the highvoltage power tube.
The desirability of increased efficiency is obvious, since a large part of the complication and
cost of a good modern receiver is brought about
by the necessity of using power tubes. Power
tubes are more expensive and require, in general,
high plate voltages and high plate currents.
This in turn means power supply devices with
expensive transformers, rectifiers, and filters. It
is safe to say that a large proportion of the total
cost of a good broadcast receiver is chargeable
to the low efficiency of the usual loud speaker.
PRINCIPLES OF DESIGN
TELEPHONE receivers and loud speakers
have been designed upon a number of basically different principles. The electrostatic attraction between two charged metal plates; the
reaction between the current in a coil and eddycurrents set up in a large metal disc; the expansion and contraction of crystals under the
influence of an alternating electric field; the
expansion and contraction due to the generation
of a gas from a chemical placed between two
plates, resulting from the passage of the audiofrequency current through the chemical; the
variation of the surface tension of a liquid with
,- Permanent Magnet

FIG. 2. HOW THE BALANCED ARMATURE LOUD SPEAKER IS CONSTRUCTED

Thin iron disc

CASEOF ALUMINUM OR BAKELITE
FIG. I. CONSTRUCTION OF THE IRON DIAPHRAGM TYPE OF LOUD SPEAKER UNIT
electromotive force; thermal expansion and contraction of a wire with variation in current
through
wire; schemes
the "talking"
arc —used
all these
and
manytheother
have been
with
more or less success.
However, practically all speakers in use today depend upon the variation in pull of a fixed
magnet or electromagnet on an iron diaphragm,
iron bar (armature), or a coil carrying current.
The essential parts of a speaker working on this
principle, no matter of what type, is a constant
magnetic field upon which is superimposed a
second magnetic field which varies in accordance
with the audio-frequency current, thereby causing the motion of a diaphragm, an armature, or
a moving coil in accordance with audio-frequency current.
CLASSIFICATION OF LOUD SPEAKERS
THE
reproducers
obtainable
be divided
into several
classes.at present may
The first classification refers to the method of
exciting the constant field. Those which use a
permanent magnet are called magnetic. Those
in which the field is excited by means of a current-car ying coil wound on a soft iron core are
called electromagnetic.
A second classification divides speakers into
iron diaphragm, balanced armature, and moving
coil types.
The iron diaphragm unit has the same general construction as an ordinary watch-case
telephone receiver. In this type the iron diaphragm is magnetically attracted to the pole
pieces of the magnet, against its own spring
tension. The diaphragm is the emitter of sound.
Fig. 1 illustrates the construction of this type.
The balanced armature type consists of a short
iron bar or armature which acts as the core of a
small coil carrying the audio-frequency current.
This bar is pivoted at its center and is free to
move in a small arc about its center. It is usually
restrained by a light spring. Each end of the bar
is near one of the pole pieces of a strong permanent horse-shoe magnet. This bar imparts its
motion to a non-magnetic diaphragm (to be discussed later) through a simple rod or in some
cases through a more or less complicated system
of levers. Fig. 2 shows the construction.
In the moving-coil type a very small, exceedingly light cylindrical coil, carrying the
voice and music current, moves back and forth
in the magnetic field. In this case the coil is attachedSee
(usuallyFig.directly)
to a non-magnetic
diaphragm.
3.
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FIG. 3. CONSTRUCTION OF THE MOVING COIL TYPE OF LOUD SPEAKER
The third classification consists of "horn"
and "hornless" speakers. This classification is
self-explanatory. The function of the horn is
to load the diaphragm and to radiate the power
which it causes the diaphragm to deliver. The
greater the loading, the less the objectionable
effect of diaphragm resonances. The loading of
an exponential horn increases with decrease in
the initial throat area. However, the throat area
must not be so small as to introduce appreciable
air friction. The less the rate of increase of the
cross-sectional area of the horn, the more uniform the loading will be. The larger the final
opening, the less pronounced will be the horn
resonances. Therefore, a good exponential horn
should have a small initial throat area, a slow
rate of taper and a large final opening.
With a very few specific exceptions, all loud
speakers fall within the above system of classification.
While it is evident that there are many possible
combinations of the above-mentioned elements,
there are at the present time five principal types
which will be described as representative of
most of the speakers on the market.
The commonest or ordinary "horn speaker"
is the combination of the permanent magnet, iron
diaphragm, watch-case telephone receiver unit,
with a more or less conical horn, usually about
two feet in length. The characteristic of a good
speaker of this type is shown in Fig. 4. This type
of speaker has almost every inherent fault possible. The permanent magnet is usually so small
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that non-linear distortion is certain to be present
if the speaker produces reasonable volume. Due
to the fact that the diaphragm is essentially a
spring and therefore has a natural period or
frequency of its own, frequency distortion is
present in a high degree. Furthermore the
conical horn discriminates against the lower
frequencies. See Fig. 7. The only advantage
which can be claimed for this type of speaker is
that it tends to cover up the distortion due to
overloaded tubes, since it cannot reproduce
the high audio frequencies.
The second or "exponential horn" type of
speaker employs a large watch-case telephone receiver unit with an exponential horn. If properly
designed, this speaker is decidedly superior,
particularly since a correctly proportioned exponential horn will radiate a wide band of frequencies with good uniformity.
The combination of a permanent magnet, balanced armature, small non-magnetic diaphragm
(usually mica or aluminum) with an exponential
horn can give a still better frequency-response
curve and can also be more efficient. The frequency-response curve of an example of this
type of speaker is shown in Fig. 8.
A fourth and very common speaker called the
cone speaker employs a permanent magnet and
a balanced armature which is connected by a
rod or lever system to the apex of a large conical
diaphragm, commonly made of specially prepared paper, which resists changes in shape or
stiffness due to heat or moisture. In the most
usual type, the base of this conical diaphragm is
fastened to the base of a second conical diaphragm at the common periphery. This is a type
of "fixed-edge" cone. The diameter of the cone
varies from one foot to three feet, eighteen inches
being a very common size. If well designed this
type of speaker has a good frequency-response
curve. Such a curve for a fixed-edge cone speaker
of well-known make is shown in Fig. 5. It will be
noticed that there are a number of peaks in this
curve, partly due to the fact that the cone does
not vibrate as a whole, and therefore has several
modes of vibration resulting in numerous resonances.
Speakers of this type in the smaller sizes have
the advantage of compactness, but they must be
handled with care since the cone is usually quite
fragile. In most speakers of this type an adjusting pin is provided to compensate the small
alterations in the tension of the paper cone due
to atmospheric changes.
The impedance of a well-known example of
this type of speaker is 1000 ohms at 100 cycles
per second and 40,000 ohms at 5000 cycles per
second, and is chiefly reactive. This variation
in impedance is characteristic of all types of
loud speakers so far considered. The ideal speaker
would have a constant impedance at all audio
frequencies. It is further desirable that this impedance should be as nearly pure resistance as
possible.
The fifth type of speaker to be described is
the dynamic speaker. It has a strong constant
field which is excited usually either by a 6-volt
storage battery (5 ampere), or by 90 volts d.c.
(40 milliamperes). The field consumes approximately 3watts. In the low-voltage type the
field can be excited from the usual A battery. A
common method of exciting the field of the highvoltage type is to use this field as one of choke
coils in the filter system of the B-supply device.
This second way is of course more efficient. A
recent model utilizes rectified 1 10-volt a.c. to
excite the field. In this model the field consumes
25 watts. This permits the use of larger air-gaps,
and hence more rugged construction. The magnetic field in the air-gap is radial. The moving
coil, which consists of about 150 turns of very
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fine wire wound on a thin cylindrical shell of fibre
or like material, has a very low impedance at all
audio frequencies. In one well-known make this
impedance is about 5 ohms at 100 cycles and 10
ohms at 6000 cycles. Its impedance is almost
pure resistance and therefore is nearly constant
throughout the audio-frequency range. This is
a distinct advantage, since it is desired to have
the speaker respond alike to all frequencies. The
coil has the smallest practicable clearance in the
air-gap. A cone, usually made of paper, is attached rigidly at its apex to the moving coil. The
base of the cone is fastened loosely by some soft
and flexible material, such as thin leather, to an
outside supporting ring such as is shown in Fig.
3. Two, or sometimes three, thin flat metal
springs keep the moving coil concentric in the
air-gap and act as conductors of current to the
coil.It may be seen from this description that the
cone is almost full floating. The lightest touch
of the finger will displace the cone in some cases
as much as a quarter of an inch along its conical
axis.
Such a cone
is said toof have
a "free-edge."
The resonant
frequency
the cone,
coil and
spring combination is made very low, usually
less than 50 cycles per second, so that the speaker
is practically a non-resonant pure resistance
load on the amplifier, for most of the audiofrequency range.
In order to utilize this type of speaker to the
best advantage it is necessary to mount it in
some kind of cabinet or stiff baffle board. Since
the cone moves as a whole, the waves from the
front and from the back tend to interfere,
particularly at the lower frequencies (under 300
cycles per second), unless the shortest path from
front to back of the speaker is of the order of
magnitude of the length of the low frequency
waves. The distance from the front edge of the
cone to the back edge by the shortest mechanical
path through the air around the cabinet or
baffle should be at least one quarter wavelength
of the lowest note to be reproduced, 32 inches
for 100 cycles, 1 10 inches for 30 cycles. It might
be thought that if the speaker were completely
enclosed in a small box that this problem would
be solved. However, such is not the case, since
disturbing resonances will be produced. Therefore, the speaker should either be mounted in a
console cabinet, or, better still, in a large wall.
Such a speaker properly mounted and used
with a good amplifier is capable of excellent results. The frequency-response curve for a speaker
of this type is shown in Fig. 6. It will be noted
that the solid curve shows a peak for the band of
frequencies from 2000 cycles per second to 5000
cycles per second. This is due in part to the horn
effect of the small cone at the higher frequencies
and in part to vibration of the cone. In a recent model, a ribbed cone is used which is claimed
to minimize this vibration. Some dynamic
speakers contain equalizer-filters which tend to
correct this defect, as shown in the dotted curve
in Fig. 6.
Since the impedance of the moving coil of the
usual dynamic speaker is exceedingly low in com-
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parison with the output resistance of standard
radio tubes, it is necessary to use a transformer
designed particularly to bring these impedances
into the proper relationship. In some speakers
this transformer is included in the housing of the
speaker. Separate transformers are now available, which have been designed to be used between the moving coils and the standard power
tubes. When purchasing one of these transformers, the particular power tube, or tubes (if
the last audio stage is push-pull) used in the set
must be specified, as different transformation
ratios are desirable for different tubes. Most of
these transformers are so designed that the impedance looking from the tube into the primary
of the transformer is twice the plate resistance of
the tube. This condition gives maximum undistorted output. In the dynamic speaker, if this
relationship is made right for a frequency of
about 1000 cycles per second, it is approximately
right for the entire audio range.
It is very important to mention that while
some types of speakers are theoretically inherently better than others, in practice, due to
inadequate design, this is frequently not so.
The writer has seen more than one make of cone
speaker which was inferior in almost every way
to the average conical horn speaker. A dynamic
speaker recently came to the attention of the
writer which was one of the poorest speakers he
had ever examined. The type of unit determines
its theoretical excellence, but careful design
makes a good loud speaker.
REQUISITES FOR A BROADCAST RECEIVER
THE question of judging the quality of a loud
speaker is, properly considered, a laboratory
study. However, the relative merits of different
speakers can be determined with a fair degree
of practical accuracy if they are intelligently
compared while listening to a good local broadcasting station through an adequate receiving set.
Before describing the method of comparison
it will be well to discuss in general terms the requisites for a good broadcast receiver from the
point of view of audio quality. In the first place
the set must not be more selective than is absolutely essential for the separation of stations.
As a rough measure of this, the set should not be
capable of separating two stations of equal
strength and distance, separated by 20 kc. in
wavelength. Selectivity, in general, is incompatible with quality, since the more selective a set
is the more it sacrifices the higher audio frequencies.
An overloaded detector is a frequent cause of
distortion. There is no need to overload the
detector provided the audio amplifier has suf22
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ficient gain. Such an amplifier should have a
gain of at least 60 tu and preferably 70 tu.
With such an amplifier sufficient volume is obtainable from the loud speaker with a small
detector output and without the use of regeneration in the detector circuit.
The audio-frequency amplifier is a source of
almost every known type of distortion. The
modern transformer-coupled amplifiers using the
best makes of transformer and connected according to the manufacturer's directions, paying
particular attention to obtaining the correct A,
B, and C voltages on all tubes, are capable of excellent performance. Unfortunately, there is no
reliable way of testing such amplifiers without
laboratory equipment of a type which is not
generally available.
The design of the power stage of the audiofrequency amplifier is very important. It is safe
to say, that in order to obtain, in an aver age room ,
reasonable volume without appreciable distortion
it is necessary to have available at least one
watt of undistorted output, if the loud speaker
has a good frequency-response characteristic.
This requires a last stage at least the equivalent
of a type 210 tube. With the best types of
speaker available at the present time it is desirable to use a push-pull circuit for the last
stage, with type 171 or type 210 tubes. There is
now available on the market a tube (type 250)
with a still greater output. One of these tubes
is sufficient to give a large undistorted output
for a loud speaker used in quite a large room.
Two such tubes used push-pull with proper associated apparatus will deliver sufficient power
to fill a fairly large auditorium.
The method of coupling the speaker to the
power stage is a matter of much importance.
Two schemes are in common use; the transformer, and the choke coil and condenser. If the
tube and loud speaker have the proper impedance relationship the choke and condenser
scheme is efficient, but if the impedance relationship isnot correct, a transformer should be
used which has been designed for that particular
combination of tube and speaker.
In any case the maximum undistorted power
is delivered to the speaker when the impedance
looking from the plate circuit of the tube into the
primary of the coupling transformer is twice the
plate resistance of the tube.
Loud speakers should never be compared by
listening to their reproduction when connected
to a poor receiving set, since the better of the
speakers will sound worse. This is due to the fact
that the better the frequency-response curve of
the speaker the more the defects of the receiver
(especially overloading), will appear in the
reproduction.

5000 10,000

If, however, two loud speakers are connected
to a double-pole double-throw switch, the knife
posts of which are connected to the output of a
good set, which set is tuned to a good local broadcasting station, a useful comparison may be
made. The relative intelligibility of speech is an
indication of the presence of the higher audio
frequencies.
If "i," distinguishable,
"s," "v," "b," the
"p" loud
and
"th" are clearly
speaker has a good high-frequency characteristic.
If, when listening to the piano, the tones are
deep and rich, the low-frequency characteristic
is good; on the other hand, if the piano sounds
thin and tinny the low-frequency characteristic
of the speaker is deficient. If the voice is full and
clear and intelligible, and yet has an unnatural
metallic quality, there is at least one high peak
in the middle or upper range of the frequencyresponse
As showncurve.
by the curves in Figs. 4 to 8 inclusive,
any or all of the above defects may be found in
loud speakers. If, however, the comparisons are
made intelligently, noting the above-mentioned
points, a practical choice of speakers can be
made on a rational basis, but the observer must
assure himself that the defects noted are speaker
defects and not defects arising from inferior
broadcasting or an inadequate receiving set.
The development of the art and science of
broadcasting has been very rapid, and remarkable results have been achieved in every branch.
A large and reliable manufacturer announced
1-20
only a few months
ago the perfection of a loud
speaker for use in public address and other
commercial systems, which has an efficiency of
50 per cent, and a practically flat frequencyresponse curve from 20 to 8000 cycles, devoid
of all sharp resonances!
It is likely that little time will elapse before
such an instrument will be available to the
broadcast listener.
Perfect radio reception is no longer a remote
phantasy.
-15
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THE RECEIVING EKSEMBLE
At the left is the receiver itself; at the right is the amplifier -power unit
designed for use with the receiver, and the other receiving accessories
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By Robert Burnhaiin
SOME interesting features have been incorporated in this dual-control receiver employing
jour stages of tuned radio-frequency amplification.
The points of major interest are: Two of the radiofrequency transformers are arranged with adjustable primary windings so that the selectivity of the
receiver may be adjusted to the conditions under
which it is to be operated; an extra socket is placed
in the receiver into which a phonograph pick-up
may readily be placed; a combined power amplifier
and B-supply unit has been constructed which is
designed especially for use with the set and, although standard type cx-jo/A (ux-20/a) lubes are
employed, the receiver may be made completely light
socket-operated by using an A power unit in conjunction with this B-power unit. — The Editor

problems associated with the construction of a radio receiver are many, and the
final design is generally a compromise between various factors, such as the gain, type of
tuning control, etc. The final design must be
such as to produce an easily operated radio receiver with a reasonable amount of sensitivity
and capable of giving good quality signals from
any stations within a reasonable distance of the
location in which the set is operated.
This has been the mode of approach in the design of the receiver described in this article. The
complete receiver contains three tuned stages
of radio-frequency amplification followed by a
non-regenerative detector and a two-stage audiofrequency amplifier, transformer coupled. The
first two tuning condensers are ganged to one
tuning dial and the third and fourth tuning condensers are ganged to a second dial. These are the
two major tuning controls. Two vernier condensers are connected across the second and
fourth tuning condensers so that accurate tuning
may be obtained when a comparatively weak
signal is being received. In the reception of local
stations it is necessary to adjust only the two
main tuning controls and the volume control.
The receiver is quite selective.
The only additional control on the panel is the
filament rheostat, which is used in conjunction

with the filament voltmeter to adjust the filament voltage applied to the tubes to the rated
value of five volts. The ioo-volt voltmeter on
the panel is also useful in obtaining and checking
the proper operation of the receiver, but it is
not absolutely essential and may be omitted if
the constructor so desires.
The receiver is shielded by means of the three
aluminum shields. The first stage of audiofrequency amplification is located in the receiver
proper and the second or power stage uses a
210 type tube and is a part of the combined
power amplifier and B supply. A choke-condenser
output circuit is used to keep the d.c. plate current of the 210 tube out of the loud speaker circuit. In the radio frequency, detector, and first
audio sockets 21 OA type tubes are used and
filament current for these tubes can be supplied

THE

from an A-power unit so that the entire installation is light socket operated. An additional
socket is placed in the receiver so that a phonograph pick-up can be used.
THE CIRCUIT OF THE RECEIVER
A CAREFUL inspection of the circuit diagram
in Fig. 4 will bring out some interesting
points regarding the r.f. amplifier. In the first
place, two of the r.f. transformers are arranged
with primary windings whose coupling to the
secondary may be readily varied. As the coupling
is decreased, i.e., as the spacing between the
primary and secondary is increased, the selectivity isincreased; in this manner adjustments
may be made to suit the conditions under which
the receiver is to be operated.
A second point of interest about the r. f. amplii::'i'!il!l"i'ir!: "r;r I
long

LISTS OF PARTS
2 condenser shafts { inch diameter, 10 inches
Colorubber hook-up wire
£* iH ! R. F. transformers, Hammarlund Type 6Belden
Benjamin base mounting sockets
' U 1 HQ-1
FOR THE POWER UNIT
V ' J"4 ! R. F. transformers, Hammarlund Type
Ci,blocks.
C2, Cs,
No. C4,
598 Co — Muter power condenser
L9 — Hammarlund 85-millihenry r.f. choke
Muter 0.5-mfd. condenser. No. 507
Ci, CsC2, Cj — Carter 0.5-mfd. bypass condensers Cs—
C4,
C? — Muter 2-mfd. power condenser, 600 Volt
C6, C7 Karas 0.00037-mfd. variable condensers Ti — Power transformer ^ Both contained in
I Thordarson Power
Cs, Ci — Hammarlund midget condensers, Type
Li, L2 — Filter choke coils ( Compact, Type
MC-5
C10—
Muter 0.002-mfd. fixed condenser
7 R-210
T2 — Karas audio transformer.
Type 28
Cn — Muter 0.0005-mfd. fixed condenser
L3 — Muter audio choke, No. 3130
C12— Muter 0.00025-mfd. fixed condenser
C13 — X-L Variodenser, Type N
Ri — 1500-ohm Ward-Leonard resistor
Ri,71500
R;— 1,500-Ohm Yaxley grid resistors, Type R2 — 150-Ohm Centralab variable power resistor
Rj — Heavy-duty high-range Clarostat
R2~1000-Ohm
grid resistor. Type 71000 8Rs,EbyRs—binding
Muter posts
10,000-ohm resistors, Type 2910
Ri — Muter 6-ohmYaxley
rheostat
R5 — Electrad 2000-ohm variable resistor. Type F 2Hook-up
Benjamin
sockets
wire
Rg — Muter i-ampere Tubestat
R? — Muter 3-megohm grid leak
Ti — Karas audio transformer. Type 28
Themakefollowing
apparatus
is also necessary to
the receiver
operative:
Vi —135Filament voltmeter, 0-8 volts, Jewell Type
5 CX-301A tubes
Plate brackets
voltmeter 0-100 volts, Jewell Type 135 1 CX-310 power amplifier tube
3V>—Karas
1 CX-381 rectifier tube
4 Alcoa shields
Loud
Conespeaker such as the Magnavox Dynamic
Front panel 7" x 24" x TV' — Celoron
A-Power
unit such as the Abox
Sub-panel
x 23" x fV'
— Celoron
and 100-foot
clamp antenna wire, with ground lead
2 National 10"
illuminated
vernier
dials
Frost
1 Belden 7-wire fused cable
FOR THE RECEIVER
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FIG.

I. THE PICTURE WIRING DIAGRAM OF THE RECEIVER

fier is that the various circuits have been stabilized by means of grid resistors. In the final stage
a neutralizing condenser is also used. Without
the neutralizing condenser in the circuit or with
the condenser improperly adjusted the amplifier
will oscillate over the entire band. With the
neutralizing condenser correctly adjusted, however, the circuit is entirely stable.
The volume control is located in the r.f.
amplifier and consists of a variable resistance
across the primary of the third r.f. transformer.
Care is necessary in the selection of the method
of volume control. A filament rheostat on the r.f.
tubes would not be very satisfactory because the
output voltage of an A-power unit increases when
the load is decreased, and therefore, if the volume
is lowered by decreasing the filament voltage on
the r.f. tubes the filament voltage across the

other tubes in the set would rise
above normal and shorten their life
considerably. A resistance in series
with the B-plus lead to the r.f.
transformer is also unsatisfactory
because it will cause wide variations in the voltages applied to the
plates of the detector and first
audio tubes. A variable resistance
across the primary of an r.f. transformer has none of these disadvantages. It operates very smoothly
and does not cause any changes
in the plate or filament voltages applied to
any of the tubes.
An r.f. choke is placed in the plate lead of the
detector to keep r.f. currents out of the audio
amplifier, and a small 0.002-mfd. fixed condenser

SOCKET
FIG. 3. THE RECEIVER FROM ABOVE

1-2.1-4,1.6,1.8
- all onsimilar
No. 24 d. s c. wire
2 inchcoils,
tube consisting of 85 turns of
Lid.s.c.wire
.L 3 ,L 5 - similar coils, consisting of 10 turns of No. 28
I.7 - 30 turns No.28 d.s.c.wire,
with tap at center

FIG. 2. THE COIL DATA
bypasses the radio-frequency currents from the
plate to the filament of the detector tube.
As was mentioned previously, an extra socket
is placed in the receiver so that a phonograph
pick-up may be used. The plate terminal of this
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1500 ohms I

1 0.00025
I ci2 . mfd../Tonv
~\ T,

4ohms

B+ 90 B+45
Input
FIG.

4. THE CIRCUIT OF THE RECEIVER
The receiver described in Athis
+ article consists, as shown by this circuit diagram, of four stages of tuned r.f.
amplification, a grid-leak condenser type detector and a single stage of audio amplification, the second
stage of amplification being incorporated in the power amplifier and B supply. For those that desire to
use a phonograph pick-up it is suggested that an additional socket be included in the set. The placement
and wiring of this additional socket is indicated in the picture diagram, Fig. 1.

-OB + 45
-OB-OGnd.

1-1

1 -vVyVO^v-

r^-OC-

FIG. 5. THE CIRCUIT OF THE POWER UNIT
This power amplifier and B supply, designed for use especially with the receiver described in this article,
supplies A, B, and C voltages to the type 210 power amplifier tube and B and C voltages for the receiver
itself. This power unit, in conjunction with an A-power unit,- such as the Abox, makes possible the operation ofthis receiver directly from the light socket
extra socket connects to the P terminal of the
first stage audio transformer. The two filament
terminals are wired together and are connected
to the B plus terminal of the same transformer.
Therefore, when the adapter from a phonograph unit is plugged into this socket, the pick-up
is connected directly across the transformer
primary. When the pick-up is being used, the
detector and radio-frequency amplifier tubes
may be turned off. This is accomplished by
tuning the filament rheostat on the panel to
zero, in which position all the filaments except
that of the first a.f. tube are turned off.
HOW TO ASSEMBLE THE RECEIVER
'"p H E assembling of the receiver should not be
1 very difficult if the circuit and picture diagrams are carefully followed. The circuit diagram
of the receiver is given in Fig. 4 and the picture
layout in Fig. 1. Specifications for home-made
r.f. transformers are given in Fig. 2, the lettering
on the coils corresponding to the same numbers
in the circuit diagram. Fixed primaries are used
in these home-constructed coils because they are

more easily constructed than coils with adjustshownableinprimaries.
Fig. 3.A top view of the receiver is
If manufactured coils of the make specified in

CFIG. 6. THE

Ground B- B+ 45
PICTURE WIRING

the list of parts are used, it is essential that the
first and third coils (Li and L2, and L5 and L6) be
mounted by means of only one mounting screw
at the primary end. If mounting screws are
placed through the hole at the grid end, the coil
will be short circuited by the shield. The bypass
condensers, Q, C2 and C3, should also be mounted
with one screw.
The accurate alignment of all four tuning
condensers is accomplished by loosening the
clamping screws on the tuning condensers and
then adjusting, by hand, the position of each
rotor so that maximum volume is obtained.
The power unit illustrated in this article has
been constructed especially for use with this
receiver. It is a combination power amplifier and
B supply. The circuit diagram is given in Fig. 5
and the picture layout in Fig. 6. In adjusting the
complete installation, the power Clarostat in the
power unit is adjusted so that the voltmeter,
V2, on the receiver panel reads 90 volts. The
150-ohm Centralab variable resistance supplies
C bias to the first audio tube.
The parts used in the receiver and power unit
illustrated in the article are given on page 192.
Other equivalent parts may, of course, be used.
The set illustrated in this article was made
for Radio Broadcast by the Rossiter, Tyler
& McDonnell Service.

nput Speaker
DIAGRAM OF THE POWER UNIT
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coni interests for the erection of four beam sta'ERE a modern Columbus to discover a Struggles of the British Imperial
New World, the nations of the earth
tions to link England with South Africa, AusRadio System
tralia, and India. Construction was begun in
would speedily sally forth to seize their
share of its virgin lands. In the last decade,
EARLY as 1910, a British imperial
April, 1925, and service within two years. A
:hain to link the dominions with radio traffic totalling 35,000,000 words annually is now
science has discovered such a new world in the
1 v was
w discussed. The Imperial Conference
ether and the nations are rushing feverishly to
being. handled.
But even this is not the end of the story. After
stake out claims by inaugurating new short-wave
in June, 191 1, recommended a state-owned sysservices.
tem of communications and a contract to put paying regular and substantial dividends for
Commissioner LaFount stated before the
it into operation was signed in July, 1913, decades, the British international cable system,
?
erected largely with capital supplied by the
House Committee on Appropriations recently,
afterA
protracted
negotiations with the Marconi
"It might interest you to know that in the last Company. The World War prevented further government and the dominions, was turned into
a losing proposition by radio competition. Still
ninety days, over ninety foreign stations have
progress with the plan, which would have placed
another government commission was appointed
British interests supreme in the field of comgone on the air in an effort to control communication— the wireless communication of the
munication. In 1 9 19, another imperial wireless with a view to protecting this immense investment and working out a traffic division or merger
world. The United States has placed two on the
telegraph committee was appointed, which drew
agreement with the radio interests. Fearing
air. . . . Now it is a fight to get there first. We file up a plan for a chain system of stations
further government blunders, the two interests
or preempt in Berne the channels that we think
separated by about 2000 miles. Still another
committee was appointed in December, 1920, worked out a merger agreement, announced
we are going to use, but what counts, are the
March 1 5 of this year. The problems of political
to carry out the plan.
channels
that are actually
to beneficial
use."
Communications
are theputnerves
of commerce
The colonies, however, grew restive at these interference and cable competition having thus
and commerce is the life of nations. Permitted
costly delays and several negotiated directly been solved by amicable adjustment, British
with the Marconi Company for the erection of interests are now forging ahead untrammeled.
unrestricted growth as private enterprise,
stations to link them with the mother country.
American communication companies have made
These . independent measures confused the
The Mackay-R.C.A. Struggle
excellent progress in establishing a world-wide
communication system (see March of Radio,
imperial scheme. With the coming of the coalition government in 1923, the imperial plan was
March, 1928); but we are now entering a new
INseeking
THE United
States,their
the cable
Mackay-investment,
interests,
to protect
again shelved and private enterprise encouraged.
phase of the situation, a bitter war of competition
have embarked upon an ambitious plan to
After months of negotiation with the Post Office
between telegraph and radio interests, further
compete with the Radio Corporation in the
Department, however, the Marconi. Company
complicated by the ambitions of the host of infailed to obtain a satisfactory license to enter field of communication. The R. C. A., in turn,
terests desiring to establish private services.
the field, with the result that still another
has attempted to step into the overland comThis era of competition should be considered not
Commission was appointed, headed by Sir
munication business as a competitor to the teleonly in the light of its national importance but
graph. To that end, it has applied for construcfor its bearing upon the position of America in Robert Donald, Chairman of the Council of the
international communications.
tion permits to erect 65 short-wave transmitters
Empire Press Union. Its report, made in Februfor a domestic service linking 24 cities. At the
The keenest competitors for radio territory are
ary, 1924, resulted in a contract with the Marsame time, the Mackay interests are
Great Britain and the United States.
And Holland has not been backward;
seeking to establish their own national radio system as a supplement
it looks upon radio communication
to wires. Furthermore, powerful
not only as a medium of commercial
newspaper interests are laying plans
exchange but as an ally to maintain
to establish their own independent
unity with her far-flung colonists by
national and international commumeans of short-wave rebroadcasting
nication systems and have been
of programs originating from the
granted 20 of the 22 channels which
mother country. Germany also has
they sought by the Federal Radio
ambitious plans, already well under
Commission. On all sides there is
way, for an international system of
effort to duplicate facilities, many
high-speed telegraph, radio, and picture transmission.
of which, experience has shown unmistakably, are unprofitable if comThe present enviable position of
American international communications, now threatened by politics
We are opposed to a communicapetitive.
tions monopoly, although economic
and bitter competition, is as much
considerations require that no serattributable to former political medvices be paralleled or duplicated
dling in England as it is to American
unless traffic warrants. The Federal
commercial and scientific progresRadio Commission requires the
siveness. The stage is now set to
wisest possible counsel if it is to
repeat in the United States all the
avoid endangering the American
mistakes Britain has made, just at
a time when it may seriously injure
position. International communication is a semi-public function and
our position in the world of the
ether. For Great Britain has now
can be regulated to secure the adattained that solidarity in wireless
vantages of monopoly without percommunications control the lack
mit ing its abuse. We have the most
efficient telephone system in the
'95
of which gave the United States
world because it is monopolistic. We
an opportunity to come to the
also have the lowest telephone rates,
THE CONTROL ROOM OF A COMMERCIAL TRANSMITTER
front; and we have arrived at
a point where internal conflict is This array of meters and tuning controls regulates the short-wave transand they will remain the lowest because we have the power of regulation
becoming a serious impediment to
mis ions ofthe San Francisco station of the Federal Telegraph Company.
through public service commissions.
The control room is located at Palo Alto, California
further progress.
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like to see its enforcement indefinitely
postponed,coverednow
thatbe they
have diswhat will
its effects
on

A working agreement among telegraph and radio interests is essential
to our future in international communications. No one should be excluded from the field who can
contribute needed service. The vast
system of message collection and
distribution of the established telegraph system must be made available
to radio, and the revenue equitably
divided so that cable, telegraph, and
radio can continue to operate profitably without destructive competition. If such agreement is not equitably worked out by the interests
involved, government meddling, with
its paralyzing influence, will follow.
If the problem is tackled with a spirit
of conciliation, there is ample room
for both the Mackay and the Radio
Corporation interests. The American
position in international communications isthreatened by a destructive
warfare of rival interests.

the various states (and their own
political reputations) when actually
applied. . . . The outpourings of a few
self-seeking politicians on the menace
of high power; tedious legal theories;
convenient states' rights arguments
borrowed to cloak promoters' profits;
or the necessity for Podunkville to
have a 1000-watt transmitter which
can specialize only in phonograph
records and county political oratory
— these topics all have very little
concern for Mr. Average Listener if
only the wavelengths of the great
popular stations he dials to, nightly,
can be kept clear so that their splendid programs can be received as unspoiled and perfect as when they left
the studio. That much, and only that,
do the millions of radio listeners really
ask of their Congressional representatives, their Federal Radio Commission, and their Government at
Washington. And it is high time that

The Commission Announces
Its Short Wave Policy
they"What
got it.the public itself has been
THE Federal Radio Commission
on May 24 allocated 74 short
demanding — and has a right to expect
wave channels for transoceanic
from the Commission — is prompt reservices, as follows:
lief from the unhappy radio reception
conditions which still persist, and
Robert Dollar Company, 8 chanhave rendered large parts of our radio
nels; Tropical Radio Telegraph Co.,
A RADIO DEBUT IN THE FAR NORTH
7; American Telephone & Telegraph
spectrum
useless,
particularly
distant
listeners
on farms,
ranches,to and
Company, 9; American Publishers
Old
John
Furth,
Hudson's
Bay
factor
at
Fort
McPherson,
Mackenin remote communities.
Committee, 20; the Mackay Comzie, Canada, is listening in on kgo as picked up by the portable receiver which Lewis R. Freeman carried on his expedition in Canada.
"The station over which I am
pany, 15 ; Radio Corporation of
Furth is standing by -a sun dial erected one hundred years ago by Sir
America, 1 5.
speaking,
wor, now recognized as
John Franklin, the Arctic Explorer
These assignments were made on
one of the great program sources
of the country, frequently has its
the basis of a statement of principle
panies, so long as their own applications are splendid programs ruined at some places within
adopted by the Commission: "That competitive
granted, are not likely to oppose the assigning 30 to 35 miles of Newark and New York by the
service be established where there are competing
applications to compete with already established
of channels to the press which, through its heterodyne moans and howls produced from
another station on the same wavelength, wos,
public influence, can embarrass them and which,
service, and that in the grant of competing
licenses fairness of competition be established, ex- from the revenue standpoint, does not make a in Missouri. Meanwhile, wor inflicts similar incept that as to an isolated country, which in the desirable customer because of the special rates
terference on the good people of Missouri. The
judgment of the Commission will not afford
other popular 5000-watt New Jersey station
applying to its needs.
sufficient business for competing wireless lines, CALDWELL HITS STRAIGHT FROM THE SHOULDER
wpg, at Atlantic City, is similarly spoiled at
only one grant of license shall be made, preferany distance by several Middle West stations —
ACCUSTOMED as we are to soothing prop- which, in turn, it similarly injures.
ably the first application in priority."
The table on this page shows the number of
aganda from the Federal Radio Commis"In New York City, reception from wnyc
transoceanic channels in use, applications made,
sion, itgives us no little pleasure to report as fully is continuously ruined by a Chicago station;
approved, and totals in use.
as space permits the remarks of Commissioner
whn is blasted by transmitters in Louisiana
How closely the Commission has adhered to O. H. Caldwell, delivered through wor on May
and Iowa; and wabc is injured by cross talk
the excellent principle which it has enunciated
from an adjoining channel. Even weaf and
cannot be judged without knowledge of the 22. After pointing out that the Davis Amendment
wjz suffer Pacific Coast whistles on winter
specific purposes for which these applications
must be enforced and that it offers an opportunights.
nity to better conditions for the listener, Mr.
recently approved are to be put. Perhaps in the
"In Philadelphia, the popular pair wfi and
most doubtful category are the assignments
wlit
are badly heterodyned, right within the
Caldwell continued: "Indeed, it is no longer a
made to the newspaper publishers, inasmuch as secret that certain members of Congress, after city limits, by carrier-waves from Minnesota.
most of their services are likely to duplicate
In Boston, wnac has a background of growls
having secured the passage of the Davis-Dill
existing facilities. The communication comAmendment hardly six weeks ago, would to-day which come from Pittsburgh. Massachusetts'
■5
big 15,000-watt wbz station shares its wave
with eight other stations, affording the farmer
'5
who
tries to tune in on its agricultural programs
65
all
the
variety of howls and roars incident to
1
5
19 United States
Short-W ave Transoceanic Assignments in the
feeding time at the zoo. And this enumeration
Now using
Total as
of
particulars
in the listeners'
of complaints
recentlyfor
Applied
might
be extended
almost bill
throughout
the
whole 89 wavelengths.
Approved
Pacific Communications Co.
0 149
8
0
"This is the real situation which the Com8
8
Robert Dollar Company
mission was created to correct, and which the
12
Tropical Radio Telegraph Co.
7
7
millions of the public have patiently waited to
American Tel. & Tel. Co.
3
9
9
have remedied. This is the situation of nightly
American Publishers
20
22
20
interference which will again be upon us in
away.
12
The Mackay Company
37
September, after the summer static has rolled
22
Radio Corp. of America
55
"It can be remedied only by reducing the
140
TOTAL
number of stations permitted to operate simul75
taneously on the air during night hours. The re74
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AMATEURS

quirements are well known to all radio engineers.
We have only 89 wavelengths. For good radio,
not over 160 stations of the 500-watt and 5000watt classes can operate simultaneously on 85
of these wavelengths. On the remaining four
wavelengths we can tuck in a couple of hundred
50 or 100-watt transmitters. And there you have
the outline of the possibilities in the present
state of the art."
No more courageous and clear cut statement
has ever emanated from the Federal Radio Commis ion. Itmust not, however, be regarded as
anything more than the statement of one Commissioner who understands the situation and
is in favor of carrying out his duty. It can be
fairly charged that the majority of the Commission istotally lacking in ability and courage and
has utterly failed to protect the interests of the
listener whom it is supposed to serve. So long
as the local interests of politicians and the shortsighted demands of individual broadcasters have
the ear of the Commission rather than the radio
audience at large, the present confusion will
persist. Mr. Caldwell's is a voice crying in the
wilderness. More power to it!
On May 27, the Federal Radio Commission
promulgated its Order No. 32, the first drastic
measure to reduce the number of stations on the
air. It lists 162 broadcasting stations which
must sign off August 1 unless they can show
good reason for renewal of their licenses. A careful scrutiny of the list shows that many of the
stations have been inactive and that it comprises
only stations of a very low order of merit, occupying extremely congested channels. While the
number of stations involved is considerable, this
is only a first step, which will bring very little
noticeable relief. It does not attack congestion
of the type to which the Commissioner referred,
involving stations rendering important service.
The real problems of the Commission will not
begin until it disposes of stations of some technical ability which serve no real program purpose. But the measure is a good beginning
which, we hope, is only the first of a series of
major steps to relieve broadcasting congestion.
AMATEURS

IN THE TEN-METER BAND

r^. K. AT WATER of Upper Montclair, N. J.,
has been successful in establishing twoway communication on 10 meters with 6ann,
Long Beach, Cal., 6uf, Los Gatos, Cal., and 8ct,
Arachon, France. Commenting on this remarkable achievement, the American Radio Relay
League stated that the ten-meter band might
yet prove of actual worth in long distance
transmission of messages by radio and that
experiments by amateurs might ultimately solve
many difficulties on this band hitherto con'
by communication engineers. sideredinsuperable
There is no justification whatever for the
statement that engineers consider the difficulties
to the utilization of super short waves insuperable. We refer the amateurs to a paper by Marconi, Proceedings of the Institute of Radio Engineers, August, 1922, describing experiments
conducted over a period of years on wavelengths
between 1 and 20 meters. Since that time, continuous research work has been conducted on
ultra-high frequencies in many professional
laboratories. Several international commercial
circuits operate regularly on 1 1 meters, and no
communication engineer who has worked on
high frequencies has ever made a statement
justifying the A. R. R. L's boast. The amateur
is to be commended for his experiments, but the
statement that he is pioneering in the ultra-high
frequencies, spurned by engineers, is not supported by the facts.

IN THE

TEN-METER

BAND

WHERE SHORT-WAVE MESSAGES ARE RECEIVED
The
barrage
antenna
and Coastwise
receiving shack
are part
of the Federal
Company'
near
Los Angeles, California.
and marine
commercial
radio Telegraph
traffic is carried
on bys station
short waves
i
Here and There

I

A WIRELESS station is being completed at
Horta, Azores Islands, by the Portuguese
Government for the purpose of radiating detailed
weather reports four times daily. It will be of
special service to transatlantic aircraft.
THE National Broadcasting Company has
formed the National Broadcasting and Concert Bureau, with George Engles, former manager
of the New York Symphony Orchestra, as its
managing director. The National Broadcasting
Company now arranges 5,000 microphone appearances each month.
STATION wgy, on April 30, rebroadcast a
program radiated from 2FC, Sydney,
Australia, on a 28.5 meter wavelength. H. M.
Myers of Birmingham, England, reports an
amazing feat of international reception in
which 2XAF, wgy's short-wave sister, participated. Tiring of local programs, Mr. Myers
tuned to Stuttgart, Germany, then rebroadcasting 2xaf. The Schenectady announcer informed
his audience that a program from London was
coming in so well that 2XAF would rebroadcast
it. The Britisher listened to the London program
to the end, setting his watch by Big Ben, after
the signal had made two trips across the Atlantic. Distance lends enchantment!
A FLYING description of the parade in honor
of the Bremen crew was broadcast by wor
on May 6 with the aid of an announcer aboard a
plane. A short-wave transmitter, working on
65.48 meters, utilizing two 210 tubes, served the
transmitter.
THE Crosley Radio Corporation, operating
wlw, has obtained control of wsai, U. S.
Playing Card Co., of Cincinnati. It hopes, by
combining these two stations, both of which
have a cleared channel, to secure an exclusive
channel for the proposed 50,000 watt wlw
transmitter.

STATION caster,
woo,
broadoperatedpioneer
by the Philadelphia
John Wanamaker
store since
signed off
June [.among
"Investigations made1922,
by special
inquiry
radio
listeners during the past two years have revealed that broadcasting is not helping the store
in general or in an advertising way, hence our
decision
operations
indefinitely."
Hundreds toofdiscontinue
stations, making
a similar
impartial
investigation, would come to the same conclusion. Maintaining a broadcasting station
is a costly operation, and a single retail organization can no longer justify the expense of
running
a
full
will and sales. time station by the resultant goodpermalloy saves the cable companies
IN a paper appearing in the April, 1928, issue
1 of the Bell System Technical Journal, entitled "High Speed Ocean Cable Telegraphy,"
O. E. Buckley discloses the progress made in
high speed cable communication, largely attributable tothe use of permalloy loaded cable.
The first of these cables was laid in September,
1924, between New York and Horta, and there
are at present seven high speed permalloy loaded
ocean cables, totalling 15,000 miles in length.
Their capacity is 2,500 letters per minute. Mr.
Buckley's conclusion is that "permalloy loading has so reduced that part of the total cost per
word for which the cable itself is responsible that
the advantage of radio can never be very great.
It has yet to be shown that radio telegraphy can
furnish as reliable and satisfactory service as is
now provided by the cables. ... It is evident
that only a much higher degree of perfection of
radio communication than has yet been attained can permit wresting from the cable the
advantage which it has so long maintained."
THE New York Central Railroad has asked
the Commission for short-wave telegraph
assignments in order that it may equip some 300
small harbor craft with radio telephony of low
power. Successful experiments in communication between engineer and conductor of long
freight trains will sooner or later require additional channels for the railroads. Inasmuch as
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1 ION EL BARRYMOREisquoted,inan interL< view granted in Chicago, as saying that television will scrap the theaters throughout the
country. That's what they predicted electricity
would do to gas, the telephone to the telegraph,
and radio to the movies. Even should television
rise to such heights that it has entertainment as
well as scientific value, it can never replace
mass entertainment presented in person by
capable actors.
C TAT ION wrny will send television images
^ under the supervision of Theodore Nakken.
Transmissions will be at the rate of 10 images
per second and consequently are restricted to
very slow motion. The inventor claims that the
station's 10 kilocycle channel will not be exceeded. Observers of wgy's 380-meter television
signals report that they trespass far into neighboring channels, although these consist of only
24 lines.
EXPORTS of radio apparatus during March
amounted to $858,302, an increase of
$199,830 over the same quarter last year
Argentina exceeded Canada as our best market
for the first time during the month of March.
THE Lektophone Corporation has licensed
the United Radio Corp. of Rochester, makers of Peerless speakers, under the Hopkins
DX WITH A HOME-MADE LOUD SPEAKER
The improvised loud speaker on top of the radio was made from a camp-fire reflector and an old baking
powder can. It helped the members of the Harmon-Freeman Expedition in the Canadian Rockies to get
the play-by-play account of the World Series in New York
these services are all of low power, but few
channels will be required.
THE Federal Radio Commission was allowed
an appropriation of $301,467 by Congress,
an amount larger by $149,067 than was allowed
by the Budget Bureau. The Chairman of the
Commission indicated that it would employ
one chief attorney and two assistants, five
radio experts and several examiners. Next year,
they will ask for an office building, a larger staff
and a million dollar appropriation. The Commissioners ought to be hired on a piece-work
basis, so much per station eliminated with a
bonus for each channel cleared. General Order
No. 32 would give it a good start for the year.
GERMAN radio exports during 1927 were
valued at 33,426,000 marks, of which about
one-tenth was shipped to Belgium, France,
Italy, Jugoslavia, Roumania, and Japan as
war indemnity. Shipments to the United States
were valued at 1,066,000 marks.
THE British Postmaster General has authorized the erection of a new, high-power,
twin wavelength station in London, to be erected
for the British Broadcasting Company. It will be
in service in twelve to fifteen months.
AN ADVISORY Committee to the League of
Nations has recommended the construction
of a $250,000 wireless telegraph station with an
estimated operating cost of $40,000 annually.
Its estimated traffic is valued between $20,000
and $30,000.
SENATOR DILL now offers a new substitute
for his S. 2783, to the effect that it shall
be considered complete defense in an infringement suit to prove that the complainant is a
party to an agreement, cross license or understanding with any patent holder which tends to

lessen competition or create a monopoly. The
proposal is of doubtful constitutionality, but it
may help the Senator in his forthcoming campaigning back home. As Heflin hates the Pope,
Dill hates the R. C. A. Why not propose to
repeal the patent law? It is distinctly in restraint
of trade and creates legal monopolies. At least
such a proposal would be straightforward and
could be fairly judged on its merits.
THREE radio beacons have recently been
placed in operation on Long Island Sound
by the Lighthouse Service of the Department of
Commerce. They are at Execution Rocks Lighthouse near Hell Gate Bridge, at Stratford Shoals
Light, and at Little Gull Island.
IN LINE with the policy of conserving fre1 quency space, the number of naval stations
has been reduced from 167 in 1921 to 78, and
further reductions, to be in effect by June 30,
1929, will bring the number to 72. Traffic continues to grow, the 1927 total being 75,296,500
words, as compared with 55,779,900 in 1927 and
53,102,900 in 1925. During 1927, 40,000,000
words were handled for the Navy, 13,000,000
for other Federal departments and 9,000,000
words of commercial and press traffic.
|N SPEAKING of the newly formed American1 Baird Television Corporation, formed by
Messrs. Herbert Pokress, Charles Izanstark and
Nathan Feldstern, Sir Charles Higham, one of
the British stockholders and a well-known advertising man, stated: " In my opinion, television
will work a decided advantage in the advertising
methods of the new world. The greatest difficulty
heretofore encountered by manufacturers has
been to give the consumer his first view of the
product. People are curious as to the various
ways of making things, and rightly so." Mr.
Baird's
this
rule.television apparatus is no exception to

patents.
AN APPLICATION
a patent
on agive
vari-a
able condenser, so forshaped
as to
straight-line frequency effect, was denied as
lacking "the
of an invention"
and
the
— E. H.
decision
of thedignity
Commissioner
of Patents
to F.
that
effect was sustained by the Supreme Court.
RADIO ON TRAINS
SINCE the Delaware, Lackawanna & Western began experiments with radio communication in 1913, considerable progress has
been made in the art. Ford installed radio transmitters along the Detroit, Toledo & I ronton,
but three years later abandoned radio in favor
of a newly completed telegraph and telephone
system. The New York Central began its experiments in cooperation with the General Electric
Company in 1924, and highly practical apparatus
has been developed for conversation between
caboose and engine. On Election night in 1924,
three eastbound and three westbound sections
of the Twentieth Century Limited were equipped
with receivers. The Great Northern began its
work in 1925, but concluded that its telephone
and telegraph equipment was adequate to meet
its dispatching needs. The Canadian National
Railways has erected ten broadcasting stations
and has equipped a number of its de luxe trains
with headphone installations. In Germany,
several fast trains are equipped for radio telephonic conversation linked with the land line
system. It is successful for trains traveling at
speeds up to 45 miles an hour. Several English
trains are equipped for broadcast reception for
the benefit of passengers. Broadcast reception
aboard trains is subject to constant intensity variations and, until we have automatic fading compensators, iist not likely to be generally adopted.
STATION wmca and the stations associated
in its chain began a regular schedule of
Rayfoto broadcasting on May 23.
THE A. T. & T. has applied for the necessary
channels to inaugurate a short-wave, single
side band radio telephone service between New
York and Buenos Ayres. — E. H. F.

THE PANEL IS SIMILAR TO THAT OF THE A. C. MODEL
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By Keith Henney
Director of the Laboratory

THE differences between the R. B. Lab
Circuit receiver described by Hugh S.
Knowles in the June Radio Broadcast
(p. 93) and the model described in this article
are few; the present receiver uses standard d.c.
tubes of the 20IA or preferably the 112A type
(because of their better detection and amplification characteristics), while the June receiver was
designed to use a.c. tubes. The same placement
of parts is followed, the parts themselves are the
same; the circuit diagram has not changed. The
only differences are those incidental to the use of
the a.c. type of tubes. Some readers prefer the
newer tubes, others prefer battery-operated
tubes. It is probably true that thousands of
Radio Broadcast's readers have d.c. tubes on
hand to hundreds who have 226's and 227's, and
there are many who still have faith in the old
storage-battery-charger outfit — the Staff of
Radio Broadcast Laboratory among others!
Briefly, the circuit is the R. B. Lab that was
first described in June, 1926, and brought up to
date in the April and June issues of this year.
Readers who are not familiar with its advantages
and its theory are urged to get those copies. It
is only necessary to state here that it is a fourtube receiver consisting of a stage of neutralized
radio-frequency amplification followed by a grid
leak and condenser type of detector with capacity feed-back, and a two-stage transformercoupled amplifier. It is the standard circuit to
which all others are compared in the Laboratory.
Any other receiver which, regardless of the number of tubes, can get signals of equal strength
out of weak distant stations, is considered a good
receiver. The chances are that such a receiver is
subsequently described for the benefit of our
readers.
Fig. 2 is the circuit diagram of this receiver,
operating with d.c. tubes. It requires less apparatus than the a.c. receiver, since the C-bias
resistors which are used in the a.c. set to give the
tubes the required grid voltages are not necessary.
Provision is made for an external C battery to
perform the same purpose in this model. In Fig.
1 is a top view of the d.c. set. It will be seen that
exactly the same placement of parts as was used
in the a.c. model is followed. Where the filament
transformer of the a.c. set was placed, an output

IF THERE is any way we can know exactly what
the readers of Radio Broadcast want, we should
like to other
findarticlethat
For Circuit
months receiver.
we promised
on way.
the Lab
For anthe
June number we got Mr. Hugh Knowles to build
us a receiver with all modern improvements, a.c.
tubes, etc. Immediately we received complaints that
what was wanted was a d.c. Lab Circuit article.
Here it is. Almost the same list of parts is used,
they are placed in the same postion on the baseboard,
and their functions are the same. The differences in
operation and dx getting ability are too slight to
be noticeable. In favor of the a.c. set is the freedom
from battery troubles; in favor of this receiver is
the greater freedom from power noise. Battery operation also has in its favor the feeling shared by
many radio experimenters that the a.c. tubes may not
last as long as their older brothers, the battery
operated tubes.
■— The Editor.

inches in diameter. Wind on both forms 75 turns
of about No. 24 wire. The insulation and exact
size of wire in not important. The coils will
then tune over the broadcast band with 0.0005
mfd. condensers. For the antenna coil wind about
ten or twenty turns about the exact center of one
of the coils which has been tapped at the center
turn for the C bias of the r.f. tube. This constitutes the coils, Lj. and L2, in Fig. 2. The other
coil is tapped at about the 25th turn, or if
other size winding forms are used with different
numbers of turns, tap the coil at about one third
of its length. The smaller part of the coil goes in
the plate circuit of the r.f. tube; the detector
input voltage is that appearing across two thirds
of the coil. Experimenters who wish greater selectivity, with somewhat less amplification, can
reduce the number of turns in this plate coil, say
to 1 5 in a 75 turn coil, that is, increase the turns
ratio to 5 to r.
neutralizing the r.f. amplifier

device, such as a condenser-choke or an output
transformer may be located and, if desired, a
C-bias resistor for the power tube may be placed
beside it where the low voltage C-bias apparatus
was installed in the a.c. set. Naturally, fourprong tube sockets will be used instead of fiveprong or Y type sockets. An on-and-off switch
has been included and should be installed on the
panel — above the phonograph switch is a good
The phonograph switch, Swi, makes it possiplace.
ble, as Mr. Knowles has already explained, to
throw the audio amplifier of the receiver from
the set itself to a phonograph pick-up unit without the usual bother of removing the detector
tube from its socket in order to place in it the
plug which goes with all modern types of pick-up
units. In other words, the plug is permanently
installed in the extra socket, V5, the cabinet is
closed, and all bother has been eliminated.
coils for the lab circuit
199
ALTHOUGH special coils are being manufactured for this receiver, many experimenters prefer to wind their own. The simplest
method is as follows. Procure two coil forms 2

THIS amplifier differs from the usual stage
of r.f. amplification in being neutralized by
the Rice system. When the circuit has been
properly wired up, make the detector oscillate
by varying the regeneration condenser; tune-in a
fairly strong station; then, when the carrier
whistle can be easily heard, vary the tuning condenser setting of the r.f. tube. Probably this will
force the detector out of oscillation with a thump
or a swish or a squeal. Turn the neutralizing condenser until this stoppage of the detector oscillations does not take place. When the amplifier
is properly neutralized, changing the amplifier
tuning condenser setting will have little or no
effect upon the detector circuit. It is not important to worry about this neutralizing business.
It may be impossible to neutralize the amplifier
exactly so that it has no effect on the detector,
due to extraneous couplings between the two
circuits — magnetic via the coil fields, resistive
via common batteries, or capacitive, through the
other elements in the receiver. The important
adjustment is that which enables any frequency
to be tuned to without the amplifier going into
oscillation or preventing the detector from
tuning properly. This adjustment is easy to 'find.
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can say there is no outfit to
come near it in performance, or
in any way, for that matter.
I've tried everything up to 8
tube supers, but the R. B. Lab.
tops them all. On the speaker
I've had over and over on
200
545.
goodto nights
kfi, kgo, cnrv,
cze and every other 10 kc. from
LIST of parts
Ci,condensers
C2 — 2 Hammarlund ML-23
C3 — 1 Hammarlund MC-15
midget condenser
C4 — 1 Hammarlund equalizer
C5 — 1 Tobe 1.0-mfd. bypass conC6 denser
— 1 Aero vox 0.0002 5-mfd. grid
condenser
L2, L3 — 1 pair Aero coils, type
RFC-85
RB 1 8 Hammarlund choke,
L4—
Ri — 1 Electrad volume control,
i
)

FIG.
Because the Rice amplifier has both the stator
and rotor plates of the tuning condenser above
ground potential — neither is grounded — some
hand capacity may be evidenced. The easiest
method of preventing such trouble is to use insulated shafts. Fortunately the Hammarlund
condensers used by Mr. Knowles have removable
shafts. It is a simple matter to put in a hard rubber (or other insulating material) shaft in place
of the metal ones supplied by the manufacturer.
PANEL LAYOUT
A PICTURE wiring diagram and panel layout sheet may be obtained by writing to
Radio Broadcast, Garden City, N. Y. The parts
list on this page gives the apparatus actually
used in the receiver. Similar parts may be used,
of course. The only special apparatus is the coils,
which may be built at home if desired.
WHAT

BUILDERS

THINK

OF THE

I. THE TOP VIEW
using
the 25"
and last
18" Western
cones,
the cones.
If this
set had fit
my switching
console I
surely wou d have passed the old set on.
I was able to bring in Toronto with no interference from kdka or wht — and I am close to
wht. koa, wsmb, — and others came in strong,
clear, and without distortion. Not so on the
earlier model. I could not get Toronto. You see
I had two complete outfits — speakers, power
units, aerials, and grounds. I tried to make a fair
and intelligent test of the two sets. With the later
set I actually tried to get interference on the
lower waves on the locals. It couldn't be
done.
The letter below is from Alfred V. Waller who
lives in Halifax, Nova Scotia:
Just a line to let you know that I have been
an R. B. Lab. Circuit fan since June, 1926, and

R2 — 1 Electrad grid resistor, 500
type
R3ohm
— 1 PFrost deluxe resistor, i
ohms
R6No.
— 1 30Durham grid leak, 2.0
megohms,
with mounting
SWi — 1 Yaxley s.p.d.t. switch

SW2 — 1 Yaxley s.p.s.t. switch No. 10
Ti, T2 — 2 Silver-Marshall audio transformers, No. 240
T3 — 1 General Radio output transformer,
type 367
1 Westinghouse
Micarta panel, 7" x 2 1" x
a
1 Yaxley cable and plug, No. 669
25 Eby 4-prong
binding posts
sockets
2 National single drum dials
2 Coils of Celatsite hook-up wire
2 lengths of \" bakelite rod.
The additional parts necessary to make the
set operative are three 201A or 1 12A type tubes
and a 171 type for the last audio stage, a loud
speaker, and A, B and C batteries or power
supply units. The receiver will give best relong. sults with an outdoor antenna, 75 or 100 feet

LAB CIRCUIT

NCE the first appearance of articles on this
ircuit
in Radio Broadcast, many readers
1"
have Swritten
of their experiences. The first of
the letters quoted below is typical. It comes from
a man of about forty who sells locomotives —
we cannot, we regret, publish his name.
For your personal information, I take the occasion to write you that your last edition of the
"Lab
as shown
in April issue,
far
excells Receiver,"
anything I have
ever experienced
in radio
receivers.
I had a set built according to earlier issues,
mounted in a handsome console with illuminated
dials (Hammarlund), and coupled to a Western
Electric 25" cone. Till recently I thought 1 had >
perfection.
However, I built a set for a friend as shown in
the April Radio Broadcast, using Thordarson
R-200 transformers and bypassing only the first
B lead with a 2 mfd. condenser and audio choke.
I used 3 ii2a's and a 171A. Both sets have the
r.f.This
and last
detector
6" x 10" sensitive,
copper boxes.
set wasstages
morein selective,
and
gave far better tone quality. I put up two grounds
and aerials and ran both on the same station,

©
FIG. 2. THE CIRCUIT DIAGRAM
The detail diagram at the lower left shows the proper connections to the cable plug

©

The presence of radio
frequency currents in
the input of an audio
amplifier is always to
be avoided; they tend to make the amplifier overload more easily, promote troublesome hand capacity, and invite a lack of
stability. In the February ist issue of the
Wireless World, A. L. M. Sowerby discusses this problem and suggests the use
of a resistance in the grid circuit of the
first a.f. tube, as shown in Fig. i-a. and
the equivalent circuit in Fig. i-b. Here
the resistance, R, is the external series
resistance, C is the effective input capacity of the tube, which under operating
conditions is much greater than the
capacity as measured when the tube is
cold.
At radio frequencies, without the external resistance, considerable voltage
may be developed across the input
capacity. With the resistance, however,
this voltage is divided between that lost
across the resistor and that appearing
across the capacity. It is only the latter
that is passed into the amplifier. If the
impedance of R is greater than that of
C, less voltage will appear across C. The
following formula gives the ratio between
the applied voltage and what actually
gets to the input of the amplifier,

And yet the Radio Commission bewails the fact that in all the short-wave
ether there are only places for 200
stations and they already have applications for 300 from this country alone.
What is to be done?
Not long ago we were called on the
phone by a brokerage firm operating
branch offices in all the larger cities of
the South and Southwest. Their bill for
wire lines was about $100,000 a year.
Wouldn't short waves cut down that
cost? They had heard that a short-wave
station could be built for $1000; that
the upkeep was small. Would we consider a consulting job of equipping this
brokerage company with twenty such
stations?
1 he Radio Commission has in its
power the issuing of short-wave licenses,
the most valuable pieces of paper in
modern time. What are they going to
do about it?

Keeping r. f.
current out of
the audio

and the following table gives the result of using an external resistance such
that the product of R and C is 10, when
R is in megohms and C in mmfd. Such a product
reduces audio notes of 5000 cycles only 5 per
cent., which is permissible.
Frequency
Per cent.Remaining
Radio Frequency
11000
500 kc.
750
500
150
300
This shows50 that on the broadcast band, the
r.f. currents can be cut down to a permissible
figure without greatly decreasing the high audio
notes at the same time. But in super-heterodynes operating at 50 kc. such discrimination is
not sufficient; 30 per cent, of the r.f. remains and
appears across the amplifier. Here a low-pass
filter is necessary.
What values of resistance and capacity should
be used? Mr. Sowerby states that the effective
input capacity of most tubes is about equal in
mmfd. to eight times the amplification factor
of the tube. This gives the following effective
input capacities of American tubes, and using
this figure we arrive at the values of resistance
given. These resistors need not carry much current; in fact, if the amplifier is properly designed
and operated the current that passes will be
negligible.
Resistance
Tube type Amp. factor Effective ca
pacity
ohms
171
24 mmfd. 300,000
20 1 -A
64
1 50,000
36
30,000
64
1 50,000
210
64
1
50,000
Hi-mu
240
40,000
Many people seem to wonThe Short-Wave der at all the excitement
Market
about the allocation of frequencies in the short-wave
spectrum. This is probably because the uninitiated ones do not know that a license to
operate a station below 100 meters is about as

"Smkor Swim"
Tube Testing

unique a franchise as has ever been granted.
We often hear that there are no more lands to
be developed, that nations must find some way to
utilize the Arctic, that the nitrate beds are all
doled out, that the oil interests have gobbled up
all the available fields — and yet the entire surface and depth of the earth has not been explored, or populated. Other fields of oil or deposits of gold, or beds of gypsum may be discovered. Itis not so in the realm of the short
waves. All have been discovered — and unless
the Radio Commission gets busy, all will be occupied by other nations, who are not at all altruistic about our getting our share.
Once assigned, and with a station operating
on a channel, say at 40 meters, the story is told.
Any other station of equal power will interfere.
Nothing that man has as yet discovered will
alleviate the situation. In other words, nothing
is so rare as a short wave; it is truly unique. It
is like a rare Mauritius postage stamp — we know
how many were issued in the year 1847, we know
where these stamps are, and nothing can be
done about it. No wonder the price is high.
We listen in at infrequent intervals to the
short-wave stations, hammering out ultra fast
commercial traffic, facsimile transmissions, tele
vision signals, shooting shafts of highly concentrated beams of electrical energy at Canada,
South Africa, Australia. Nearly every time we
listen we discover a new station; one of the
blank spots on our dial has been filled. There are
only a few left.

h|iMhHh|iP
FIG. I
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It has been our intention for some time
to mention the excellent " Laboratory

Broadcasts" which appear in the Hartford (Connecticut) Times, a column or
two of radio ideas, gossip, popular explanations ofwhat happens in your receiver, etc. L. W. Hatry, who has written
for Radio Broadcast as well as other
radio publications, is the author; he has
had occasion to mention the Laboratory,
and the writer, for which we thank him. He
has recently discussed hard and soft tubes and
states that a good test for a soft tube is to give it
100 or more volts — on the plate, we assume — and
if it turns blue internally, it is soft. Which reminds us of the way we used to determine whether a small boy could swim or not. We threw
him into the creek, and if, after counting up to
a hundred, we pulled him off the bottom and
found that he was blue in the face, couldn't tell
his name, couldn't walk, couldn't even breathe
— we assumed he couldn't swim.
Can anyone suggest a better test? — we are
now soft
referring
for
tubes. to Mr. Hatry's method of testing
In a recent release from
the Radio Corporation of
America, Doctor Alfred N.
Goldsmith is quoted as stating that there is no serious line voltage problem.
He is speaking of this non-existent problem — according to him — because many a.c. sets have
caused no end of trouble due to tube failure,
when excessive line voltage variations caused
the voltage across the a.c. tubes to average too
high a value for long tube life. Doctor Goldsmith's statement was based on a series of tests
made in the New York metropolitan district,
where the power companies spend much money
to maintain their voltages constant at the consumer's home or plant.
So we took an a.c. voltmeter home, plugged it
into the socket and made readings at various
times during the day and night. The average
voltage was 110, the highest recorded was 113,
and the lowest 105. Apparently, the people who
generate and distribute power to this part of
Long Island (Garden City) take as much care
to maintain good lines and good voltage regulation as they do in the city.
But we wonder what happens out in the
smaller towns, at some distance from cities, say
in places with about 35,000 population? How
great is the voltage variation there? Is it within

Line Voltage
"Variations
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L, = Hammarlund 85 mil. Choke
L2=Brownmg-Drake Antenna Coil
FIG. 2

Many experimenters have
been hoping for a.c. screengrid tubes. The following
data is the result of some measurements in the Laboratory on several tubes
of this type. The filament is the standard 2.5volt, 1.75 ampere heater type with the accessory
plate and grid structure around it as in the d.c.
tubes. Under normal conditions of screen and
plate voltage, we obtained an impedance of about
375,000 ohms and a mutual conductance of about
500 micromhos.
Realizing that the most experimenters prefer
actual gain measurements to those on the tubes'
constants we hooked up the circuit shown in
Fig. 2 and secured a voltage gain as shown below.
Frequency Voltage gain
500
40
580
41
660
48
940
80
1050
120
The coil and condenser unit was standard
Browning-Drake apparatus used as the input
to an r.f. amplifier tube. The inductance was
200 microhenries and at 500 kc. the combined
coil and condenser had a resistance of about 5
ohms. These values of resistance and inductance
indicate a theoretical voltage gain at 500 kc.
of about 56.
It should be noted that a resistance input was
used, and that d.c. was used to heat the heater.
The effect of a.c. when this tube is used in an
actual circuit has not been determined, although
reports indicate that it makes an exceptionally
good high-frequency amplifier, the question of
selectivity remaining where it was when recently
discussed in these pages.

A C. Screengrid tubes

Last month we quoted
"Strays" from some strange business about
other Laboratories a loud speaker test that
took place in one of our contemporaries' laboratories. During the test the output current from the amplifier ran as high as
49 milliamperes, and from 1200 to 1280 volts
appeared somewhere in the circuit without the
necessity of calling out the fire department.
The following statement appeared recently in
another radio publication: "The Raytheon BH
rectifier tube is now tipless, increasing rating to
125WeMA."
feel the prize, however, for technically inaccurate statements appeared in still another
radio paper a year or so ago. An author was describing aworld-beating receiver consisting of
one or more r.f. stages coupled to each other by
means of t.ansformers. Figuring that the usual
voltage gain in a neutrodyne stage, which has
60 turns on the secondary and 6 on the primary
of the interstage r.f. transformers, was 10, this

1928

been mentioned more than once in these columns.
,199

the 5 per cent, that the R. C. A. engineering and
test department found to be true in Manhattan?
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writer suggested using only one primary turn,
when the voltage step-up would be increased
from 10 to 60 per stage!
The field for one's imagination in radio is apparently unlimited.
Several months ago we
Making D C.
mentioned the fact that we
Sets Comsaw little reason why anyfortable
one should throw away a good
battery-operated set in favor of an a.c. receiver,
when the former only required about eight
minutes a week to place the battery on charge.
Mr. Beecher Ogden, of Pleasantville, New York,
forces us to admit that we have no simple device
for doing this work for us, and that we still get
down under the table, fuss around with wires,
get hands and knees dirty, and get into a generally bad humor — at least once a week. Mr.
Ogden's scheme for preserving one's friendliness
toward the battery-operated receiver is illustrated in Fig. 3. It consists of a switch which
throws one battery on the set and another on
charge — or if one has only one battery, a simple
d. p. d. t. switch will throw the battery from the
receiver to the charger, which may be connected
into a base-plug or any other source of a.c. Say
Mr. Ogden:
I am shocked and grieved at the implied
admission on page 352 of Radio Broadcast
for March, second paragraph, that you still
have to disconnect the battery from the set
to put way
it onthat
charge,
I can't take
figure eight
any
other
couldforpossibly
minutes a week. Radio Broadcast has described several switching arrangements that
certainly don't need five seconds to put the
battery on the charger. However, here is a
real one that has been in use for years. Take
a four-pole d. t. switch and cross-connect
it on the back so that one battery is on
charge and another on the set at the same
time. A 2-ampere Tungar will give you about
30 a.h. a day, which should be enough.
The following letter from
Loudspeaker a Norfolk, Va., radio enthuTests
siast speaks for itself. It
describes the result of two
very interesting tests on loud speakers, and
calls attention to the dynamic type which has

!■Or"Bat.No.2 CT^ --back
Wiring
>
Switchofon
FIG. 3
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I read with
interest
your department's
comments
on recent
developments
in loud
speakers under "Strays from the Laboratory" in thethe February
Your readers
appreciate
necessity issue.
of protecting
your
advertisers, but information of that nature
based on the results of comparative tests in
the Laboratory are of the greatest value to
your readers. I hope you will continue to give
us the results of your tests.
I have followed the development of loud
speakers for a number of years, and have
known that the Western Electric has been
generally favored for monitoring work in
the control rooms of broadcast stations. I
have had occasion to compare this speaker
with others before an audience composed of
people with trained musical ears and technical knowledge. The loud speakers were arranged behind a curtain so that the audience
would not be prejudiced by preconceived
opinions. Seventy per cent, rated the W. E.
first on music, and 90 per cent, rated it first
on voice. The same experiment was tried
with an audience composed of people none
of whom had had a musical education or
technical training. Practically everybody in
this audience preferred the RCA model 100-A
over all other speakers on music, and they
were about equally divided between this
speaker and the W. E. on voice. These experiments were performed under conditions of
ideal local reception, that is, without heterodyne -squeals or static. Under conditions of
distant reception with heterodyne squeals,
background noises, and static present, almost everyone agreed that the RCA model
100-A was to be preferred to the Western
Electric. In other words, the high-frequency
cut-off filter incorporated in this (RCA)
speaker which eliminates the greater part
of these interfering noises is certainly desirable under present broadcast conditions
even at the slight sacrifice of clearness of
speech which it entails.
I have been testing out a Magnavox dynamic power cone under various conditions
of baffling, recently, and I am surprised that
you did not mention this speaker as being
one of the best of the new speakers in your
article on this subject. The power handling
capacity of this speaker is so far superior
to that of other types that it is a little
difficult to make comparisons. A 5000-cycle
cut-off filter effectively eliminates heterodyne squeals and background noises. On
some nights when static noises are so loud
on the Western Electric that reception is
unsatisfactory, the Magnavox brings the
music in clear with a minimum of interfering noises. Of course, this is accomplished at
a slight sacrifice in "intelligibility."
We have read with condecent
Articles siderable
the followof Interest
ing articlesinterest
in various
radio
and technical publications:
Amplification Behind the Talking Movies,
Bell Laboratories Record, May.
Loud Speakers of High Efficiency, Journal
of the A. I. E. E., April.
Getting Started at 30 Megacycles, QST, May
Practical Audio Filters, QST, May.
Amplification and High Quality, Wireless
World, May 2nd.
May.
The Earth as a Magnet, Scientific American,
May.
Geophysical Prospecting, Scientific American,
The Inverted Vacuum Tube, Proceedings of the
I. R. E., April.
The Development of the 250 type tube,
Proceedings of the I. R. E. April.
Broadcast Control Operation, Proceedings of
the I. R. E., April.

A CABINET MODEL OF THE SHORT-WAVE RECEIVER
The short-wave set shown above uses the same parts and employs the same circuit as the
receiver described in this article. It differs only in the aluminum panel and shielding used;
these are obtainable through Silver-Marshall, Inc., or may be home constructed

A

Screen-Grid

Short
By Howard

THE tremendous interest in short-wave
reception which has been sweeping the
country of late has brought about a great
:hange in the requirements of a good short-wave
receiver. The old-style short-wave receiver of
the "ham" days, while still as sensitive as ever
for c.w. work, has proved inadequate for receiving the modulated signals of telephonic
broadcasts with the smoothness and quality of
the reception obtainable in the higher broadcast
bands. The short-wave receiver described in this
article provides this higher degree of performance, plus freedom from radiation, for the oscillating detector is isolated from the antenna
by a screen-grid r.f. amplifier tube. This tube does
not add a tuning control, its input circuit being
untuned, yet it improves the reception of telephone signals, and entirely eliminates "dead
spots" at which the set will not oscillate, since
it effectively isolates the antenna from the sensitive detector circuit.
An unusual degree of smoothness of regeneration control, freedom from "putting" and
"fringe effect" noises as the set goes into oscillation is effected by careful circuit and coil
design, notably by using a small coil, which on
the lower waves, particularly around 20 meters
and below, provides smoother and sweeter control than the two- three- and even four-inch
short-wave coils generally used. The coils are
actually a refinement of the popular "tube base"
or
has been results.
found toThese
give
such"Scottish"
excellentidea
andwhich
economical
forms are slightly larger and longer than the
average tube base, making it possible to design
more efficient coils than are possible on the or-

-Wave

Receiver

Barclay

dinary tube base (often not available except at
the expense of breaking good tubes). A winding
space 15" long and 15" in diameter is available,
with a tickler
and of
tV the
widemoulded
at the
filament
end. slot
On \"
the deep
bottom

THE short-wave receiver described in this article employs a screen-grid tube as an r. f.
amplifier and incorporates an audio system that
amplifies high quality signals without distortion.
It was designed in the Research Laboratories of
Chicago for Silver-Marshall, Inc., and uses a new
and ingenious type of coil wound on a form that fits
into a five-prong or Y type of tube socket. In the
Laboratory the receiver seemed remarkably free
from the noises which often ruin short-wave reception, and on the sometimes swinging, sometimes
steady signals of 5SW in England we received good
dance programs from the Savoy —Hotel
London.
The inEditor.

form are five hollow lead pins, properly positioned to fit any five-prong a. c. tube socket.
These coil forms are so cheap that any number
of experimental coils for different wave bands
can be wound at little cost, to be tuned by any
size of condenser that may suit the builder's
fancy.ever,In
of "builder's
howitis this
well matter
to remark
incidentallyfancy,"
that while
2
0
3
a code receiver can be thrown together almost
any old way and still work, physical placement
of parts and wiring details must be most rigidly
watched in order to get a good modulated signal
receiver. In the set described, the tickler con-

denser hardly reacts at all on tuning, over 20
degrees at 40 meters being needed to tune a c. w.
code signal out of "readable" audibility.
CONSTRUCTION OF THE RECEIVER
THE set illustrated is mounted on an 8 x 18
x \" seasoned wood baseboard, with all parts
placed in a simple straight line as shown in Fig.
1, instead of being tied up in a knot (as in
broadcast band receivers) difficult of assembly
and "trouble shooting." In Fig. 1, at the left is
the antenna chpke coil Li, next the screen grid
r.f. tube socket, then the five-prong coil socket
up on \" studs, next the grid condenser, Ci, and
grid leak mounting, detector tube socket, plate
r.f. choke, L3, and the two audio tube sockets,
with a pair of flat characteristic 3:1 transformers, T, behind the a.f. tubes. At the rear are
the Fahnestock connection clips, and on the
front panel are the .00014-mfd. tuning condenser,
C4, the 20-ohm detector filament rheostat, R2,
and the .00035 tickler condenser, C5. The circuit
diagram, giving the proper connections, is shown
in Fig. 2.
The matter of a good short-wave variable
condenser is an interesting one, for few good
broadcast condensers, even of properly reduced
capacity, are good at 20 meters and below, where
bearing noises develop to an annoying degree.
A noisy broadcast type of condenser can often
be quieted for short-wave work by insulating
its bearings, at increased cost and labor. However, the type of compression bearing found in
the General Radio and Silver-Marshal condensers is quiet at 20 meters, and offers all the
advantages of a good mechanical bearing of

RADIO

204

AUGUST.

BROADCAST

1928

greater numbers of turns for other wave bands
canthebe setquickly
the "tube base four"
as
might wound
well be for
named.
The operation of the set is simple, almost any
antenna from fifteen to fifty feet giving quite
good results; even a long broadcast antenna does
not seem to destroy the sweet control of the set.
Any good storage battery, nine volts of C battery
and 135 volts of B battery (or as low as 90 will
do) are all that is necessary for operating power.
Socket-power units are generally noisy on short
waves and are not to be recommended. If a Bsupply unit is used, a 45-volt battery should be
supplied for the detector plate voltage. This will
cut down the noise appreciably. Two 112A
audio tubes, a 201 a detector, a 222 screen grid
r.f. tube, and phones or loud speaker are also
necessary.
LIST OF PARTS
THE coilsployed inare
only special
this the
receiver,
and theparts
data emfor
them is given above. Parts of similar characteristics may be substituted for all the
other apparatus mentioned in the list below.
Ci
C-2
C3
C4

—
—
—
—

1 Condenser, .00015 rnfd.
2 Condensers, \ mfd.
1 Sangamo condenser, .005-mfd.
1 .S-M317 condenser, .00014 mfd., type

C5

— 1 S-M

condenser,

.00035 mfd.,

C6 — 1
Li, L3 — 2
Li — 1
Ri — 2
R2 — 1

FIG. 2
brass and steel. This feature of quiet bearings
may be possessed by other types on the market
as well.
In building this type of set, the parts should
be placed just about as shown, so that a short
direct ground line can be run in from the antenna
choke, along the back of the variable condensers
and over to the a.f. transformer frames, which
must be grounded. All wiring should be short,
direct and well soldered, and care should be
taken to avoid the possibility of "closed loops"
of wiring which would pick up energy and possibly cause irregular regeneration control. The
apparently unnecessary bypass condensers, as
across the a.f. C battery, C2, and from the second a.f. tube plate to ground, C6, should be used;
their purpose is to cut stray r.f. currents from
the audio amplifier, all in the interest of smooth
operation.
The parts used in the model, which was rebuilt several times to make sure that it would
go together the same way and with the same results in spite of the minor variations bound
to occur in home assembly, are listed at the
end of the article. The panel is not a necessity,
and can be left off to cut cost, if appearance is
not an object. Everything else is quite important to smooth performance, though fixed condensers, sockets, and such parts might be substituted ifon hand. Unless you are only interested in code reception, do not substitute for
r.f. chokes, coil form size and variable condensers
unless willing to "smooth up" your own particular set's operation by the "cut and try"
scheme of adding bypass condensers, r.f. chokes,
and resistors at needed points.
The coils are all wound on the same type of
Silver-Marshall form, with No. 34 d. c. c.

wire for the ticklers, and No. 22 enamelled wire
for the secondaries (except the 104.0-204.5 meters coil, which used No. 24 d. c. c.) All secondaries have turns so spaced that the windings cover
the full 1 5" of form space. The windings are so
connected that the top or start of the secondary
terminates in the G post of a standard 5-prong
tube socket and the bottom or end in the
right hand F post (the F post nearest the P or
plate post). The slotted tickler, wound in the same
direction, starts at the "F" post nearest the
"C" or cathode post and ends at the "P" post.
The number of17 turns necessary to cover the
four bands from 17 to 240 meters are given below, using a 0.00014-mfd. condenser and a
0.00035 mfd. tickler condenser.
'avelengthCOIL DATA
M Range
Secondary
104
Type
TicMcr
Meters
"T" 57 5—32
0 — 204. 1 5
65 turns
27—59.0
— 110.0
"U"
1 35 turns
5! turns
"V"
255 turns
'W"
5J turns
1 9j
5 j turns
OPERATION
turns
492 turns
THE tuning curves for a particular set of
four coils are given (Fig. 3) as an aid in
finding stations when the set is first operated,
and it will be seen that the amateur wave bands
fall well away from °the ends of the condenser
3
scale, so that with good vernier dials no difficulty is had in tuning amateur code signals.
To duplicate the curves given, it may be necessay to trim coils a bit once they are wound,
but this is easily done, or coils simply rewound
on the small Bakelite forms. Coils of fewer or

Condenser, .002 mfd.
S-M short-wave
chokes, No. 227
3 1 6-A
S-Mtypeshort-wave
choke, No. 275
Yaxley resistors, 10 ohms
Yaxley midget rheostat with
switch, 20 ohms
R3 ■— 1 Lynch resistor, 5 to 10 megohms
Pm — 1 Lynch resistor, jV to J megohm
R5 — 1 Yaxley resistor, 2 ohms
T
— 2 S-M audio transformers, type 240
2 National vernier dials
4 S-M blank coil forms, type 130
4 S-M tube sockets, type 411
1 S-M five-prong socket, type 512
2 Lynch resistor mounts
9 Fahnestock clips
1 8" x 17" x \" wood base
1 7" x 18" x |" micarta panel
Screws, nuts, hook-up wire, solder,
lugs, etc.
If factory wound coils are preferred instead
of winding coils at home, one each of SilverMarshall 131 T, 131 V, 131 U and 131 W coils
may be obtained. The amount of wire needed
for a set of home-made coils is given here.
2 lb. No. 22 plain enameled wire
I lb. No. 24 double cotton covered wire
3 lb. No. 34 double cotton covered wire
T U V W

FIG. 3
0 10 20 30 40 50 .60
DIAL DIVISIONS

70 80 90 101)

These tuning curves were obtained with coils mentioned inthe lists of parts. Home-made coils can he
made which will give similar results
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Tubes

tube may be found in pages 450 to 470 of the
Signal Corps book, Principles Underlying Radio
Communication. The experimenter is encouraged to read these pages, and to put in his
notebook there.
his own digest of the information
contained
RADIO BR0ADCA
When the filament is heated by the current
LABORATORY
passing through it, a current begins to flow
CX 301E^O
-A No 20 3T
across the evacuated space between the filament and the positive plate. This current is
very small, of the order of thousandths of
amperes, or milliamperes. It is carried on the
negativelyAncharged
emitted carried
from the
filament.
ampere electrons
is the current
by
6.28 x 10'8 electrons per second. The greater
the temperature of the filament the greater is
the electron stream, and the greater the plate
current. Therefore the plate current increases
with increase in filament temperature — up to a
certain point; then the plate current remains
fixed in value
much theThistem-is
perature of theregardless
filament ofishow
increased.
shown in the curves on Fig. 1. This is known as
the saturation effect. The only way to increase
the plate current further is to increase the plate
voltage, which increases the attraction for the
negative electrons and increases the number
EP=iS
that arrive per second.
This experiment demonstrates
1. The effect of filament voltage on plate
current.
2. The saturation effect at low plate voltages.
3. The fact that under no conditions is there
any need or benefit in increasing the filament
voltage
beyond 5 volts.
FIG.
The experimenter
should explain each of these
PROCEDURE
E\
points in his notebook. These explanations, and
the answers to the problems given below, may
Screw the socket to the baseboard; place the
clips in a row along one margin of the board, and mount the rheostat
be sent to the Laboratory, where they will be criticized and returned.
on a small piece of brass strip. If a General Radio or Pacent rheostat is
PROBLEMS
used it can be screwed to the baseboard, and the mounting strip avoided.
The connections are shown in Fig. 4, and the experimenter is encouraged
1.
The
d.
c.
resistance
of
the
tube, that is, the resistance offered to the
to follow out this arrangement of parts since the set-up will be used flow of electrons through the space
inside the tube, is the ratio between
many times
in
the
laboratory
experiments.
An
hour's
time
making
everything fast and ship-shape according to this layout may save much
applied
and tube
the plate
currentvalue(in amperes)
calthe resistance
of the
for each
of filamentflowing;
and plate
annoyance later, and possibly prevent a good meter from going back to the plateculate voltage
its manufacturer for repairs. voltage applied, and plot against filament voltage.
2. If 6.28 x 1018 electrons per second constitute a current flow of one
Fig. 3 is a photograph of the
set-up used in the laboratory.
ampere, how many electrons per second make up a current of one milliamTwist a pair of leads, preferably of different colors and
3. If power in watts is the product of amperes times volts, calculate
about a foot long, and attach the power used up in the plate circuit at each value of plate and filament
one end of the twisted pair to voltage
used, and plot against filament voltage.
pere?
4. Where does this power come from? Where does it go?
the low minals.
voltage
voltmeter
terAttach the
other ends
5. If the average B battery has a life of 5000 milliampere hours, how long
should it last furnishing plate current for the tube used in this experiment
of the pair
the filament
minals on theto socket.
Make terthe if the filament voltage is 5 and the plate voltage is 45? If a receiver uses
four of these tubes at 90 volts on the plate and one tube at 45 an the plate,
following connections:
all at zero grid bias, how long will the batteries last?
1.
Milliammeter
between
clips
6 and 7.
+o
TABLE I
2. A plus to clip 1.
3. A minus to clip 2.
CX
301
-A
TUBE
NO.
20
Ef
42
4. Clip 5 to clip 4.
EP = 22
45
5. B minus to clip 2.
EP = .290
2.0
2
Ep = .267
6. B plus, about 22.5 volts at
2.25
3.0
1 2
the start, to clip 8.
2.45
.15
4.0
4
1
.25
.32
1
A schematic diagram of the
.30
6.0
47
3.65
above is shown in Fig. 2.
.35
5.0
EP =1
o+l|3.4
3.6
Turn on the rheostat slowly
Ef = filament volts
and watch both filament voltmeter and plate milliammeter. If
Ep
plate current
volts in milliamperes
either reads backwards, reverse
Ip == plate
FIG. 2
the connections to the meter.
Note down as in table 1 the plate
current as the filament voltage
is changed; then
turn
off
the
rheostat,
increase
the plate
voltage
to ap-or
proximately 45and repeat. Repeat for higher values
of plate
voltage
until the plate milliammeter needle reaches its full deflection. Plot this
data as minals
shown
in Fig.the1. plate
Remove
the voltmeter
the filament
terand measure
voltages
applied to from
the tube
in the above
experiment by attaching the twisted pair to the high voltage posts of the
meter and the other end of the pair of wires to the B minus and the several
0+ B-Bat. +°
B plus posts which were used in the experiment.
DISCUSSION
A good description of what happens within the glass wall of the vacuum
'T'HERE
few radio
that doarenotveryemploy
one receivers
or more nowadays
vacuum
tubes. Many receivers use as many as ten of
them; the average in the United States is probably five per receiver. Experiments on such
tubes engage part of the time of every serious
student of radio because they are the heart of
all of our modern circuits and equipment utilizcircuits. To understand
aboutingthethosecharacteristics
of such tubessomething
we shall
need the following:
LIST OF APPARATUS
1.
Source
of current, dry cells or storage battery.
2.
A
rheostat,
such as the Frost 20-ohm type
720.
3. A voltmeter, preferably a double range
instrument, reading up to 10 volts on its low
scale, and up to 100 or more on its second scale.
A good one is the Weston Model 506 which
reads 7.5 and 150 volts, or the Jewell Pattern
77 which has similar ranges.
4. A milliammeter reading about 10 milliamperes toryfull
scale. this
The experiment
one used inwasthea Laborato perform
Weston
Model 301. It lists at $8 and is very useful.
5. A source of plate voltage that is variable
in steps of 10 or 20 volts up to about 90 volts.
6. A receiving tube, such as a CX-301A.
7. A baseboard made from 5-ply or -J-inch
stuff8. Fahnestock
and about 6" x 16" in size.
Belden Colorubber.clips, wire, such asCelatsite or

o

FIG. 3
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Ohm's Law
THE most fundamental rule in all
across a resistance when a current
electrical work is known as
flows through it; it is sometimes
—
k
merely referred to as a voltage
Ohm's
— from its Previous
discoverer,to
' RADIO BROADCAST
a GermanLawexperimenter.
drop.
It may be calculated, as may
LABORATORY
its discovery experimenters had
be seen from its name, by multiplyR = 20 jH
only vague notions regarding the
ing
the
current by the resistance.
R"(260-90)»
10~3
j
E
amount of current that passed
5.4-2 \E
Similarly
of an unknown voltagethemayvalue
be determined
through diations ocircuit
under
given
conf voltage and resistance.
by
observing
how
much
current it
This law states that in any electrican force
known
resist„ = .02x 103 1
cal circuit, the current in amperes
ance. Thusthrough
a metera for
measuring
equals
voltage
in
volts
divided
by
voltage,
known
as
a
voltmeter,
is
resistance in ohms.
simply
a sensitive
current
measurIn
electrical
language,
this
means
ing
device
calibrated
in
volts
rather
that
than in amperes. Throughout an
experiment
this gokind,
calculations ofwhich
withandit, the
the
I (intensity of current) equals
E (electrical pressure or voltage)
proper
units
must
be
used
to make
divided by R (resistance)
FIG. I
the formula
correctvolts,
answer. The rulebring
uses the
amperes,
This law may be stated in three
and ohms. In this experiment we
have used a meter which measures
ways, viz.,
1.1 = E/R
2. E = I x R
3. R = E/I
thousandths of amperes, or milliamperes. In order to use the various ways
To get a working knowledge of this fundamental law, we need the of stating Ohm's Law, we must convert these milliamperes into amperes
following:
and cuit
thenwas 94proceed.
For example,
the Laboratory
in the
cirmilliamperes
when thein voltage
across R2thewascurrent
2 volts.
In this
LIST OF APPARATUS
case onestead we cannot
divide
2
by
94
and
expect
to
get
an
answer
in
ohms;
inaccordingly.
must realize that 94 milliamperes are 0.094 amperes and divide
1. A nsource
ected in series.of current, say a storage battery or several dry cells conThus in Ohm's
Law, which
in any oneelectrical
of threequantities,
ways, is
determining
any onecanof bethreestated
fundamental
2. Two resistances, about 20 ohms each. One-may be a rheostat such as useful
was used in Experiment 2 and the other a similar rheostat or a fixed re- voltage, current, and resistance.
The Yaxleythat20-ohm
De Luxe
PROBLEMS
3. A sistor.
voltmeter
will read
up to resistor
six volts.forA example.
Model 301 Weston was
used in the Laboratory.
4. A milliammeter reading about 300 milliamperes. The one used in
Throughout
experiment
the1.circuit.
Where this
are they?
What there
should have
their been
sums two
be? "IR" drops in
the Laboratory was a Jewell Pattern 54.
2. Calculate all of the values of current and voltage drops that would
5. Hook-up wire.
ohms.
exist if R2 had a resistance of 10, 40, 400 ohms and Ri were equal to 0, 1,2
PROCEDURE
3. What current would be taken from the battery if a receiver using five
tubes were operated from it?
The baseboard set-up described in Experiment 2 may be used for this i-ampere
4. If the storage battery has a useful life, on one charge, of 100 ampere
experiment
by connecting
the second
resistance,
i. e.thethefilament
20-ohm terminals
rheostat
hours,
how
long can you operate a five tube (201 A) receiver at three hours
or the fixed resistance,
R2, and
the
voltmeter
across
of the socket. The connections are shown in per day without recharging the battery?
Er2
TABLE 1
Fig.
3,
that
is,
minus
A
to
3,
plus
A
to
the
meter and the other meter terminal to 4. ER2
The
diagram of the set-up is given
I
Eb
in Fig.schematic
2.
Turn the rheostat arm slowly and note the
94
21.3
4
2
2
voltmeter and milliammeter readings. If
■VWWVWWV—
4
3
1
140
either tionsreads
backwards,
the 1connec600
6
1
to it. Note
down asreverse
in column
and 2
4
6
1
5
236
in table 1 the voltage and the current as the
21.0
190
6
6
290
20.7
0
rheostat is varied. As a final reading, short
21.0
circuit the rheostat and allow the full battery R2 open, I
Im meter current
voltage
to
be
applied
across
R».
Read
the
=
10
=
current in the circuit. Then remove R2 but
i = R2
= voltage across R2 ^
leave the voltmeter across the filament ter- ER2
minals to which R2 was attached. Read the I = current in milliamperes ERi
tflflH
HlFIG.
current flowing now. This is the current R2 = resistance of R2
2
taken by the meter.
Ri = resistance of rheostat =
thirdresistance
way of expressing
Eb — Er2
law,Using
viz.,thethat
is equal Ohm's
to the Rm = resistance of meter
voltage divided by the current, calculate the resistance of R2 and of the ERi = voltage across rheostat
voltmeter. Plot on cross section paper as in Fig. 1 the current against Eb = voltage of battery
the voltage, using the vertical scale for the voltage.
DISCUSSION
The experiment we have just performed is what is known as the
method resistance
of measuring
a resistance.
All that through
is neededit
tovoltmeter-ammeter
determine an unknown
is to measure
the current
when a known voltage is across it.
The total voltage of the battery has not changed during this experiment,
but the voltage across the resistor, R2, has varied with each setting of the
rheostat. What has happened to the remainder of the battery voltage?
Clearly meterit across
has this
beenvariable
cut downresistance
by the rheostat,
and if we isplace
the voltas the experiment
repeated,
we
shall perceive that the total voltage, that is, the voltage lost across resistor R2 and that across; the rheostat, adds up to the terminal voltage of
the battery.
Since we know the voltage across the rheostat, that is, the battery
voltage minus the voltage measured across resistance R2, and the current
through it (the current in a series circuit such as this is the same in all
of the circuit)
we may of use
secondat method
of stating
law
toparts
the resistance
the the
rheostat
each reading
in ourOhm's
table and
filldetermine
in the values.
When the current is plotted against the voltage, a straight line results.
The slope of this line, that is, the vertical units divided by the horizontal
units, is the resistance of the circuit. If this line did not turn out to be
straight, we should have to assume that the resistance of something
in the circuit changed with the current through it. This is true of the
vacuum tube filament. It has a temperature coefficient, that is, its resistance changes with increase in temperature.
FIG. 3
This matter of temperature coefficient is discussed in the Signal Corps'
Principles
Underlying
Radio
Communication
on
page
37
in
Morecroft's
Principles of Radio Communication on page 25, in all physics textbooks
and in books on electricity.
An "IR drop" is the technical expression for the voltage appearing
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Pick-Up"

Shall
Grimes

I

Buy?

Here is an unbiased description of the various manufactured pic\-up units now available for modernizing
the old-style phonographs with the aid of electrical
reproduction and amplification. With the data given
here you can choose the unit which best suits your
own needs, and provide the accessories which have
been proved most valuable in electric phonograph
THE EDITOR.
reproduction.

AL pick-up units first started
ELECtoTRIC
appear in radio circles early in 1926.
Since then several dozen different types
have been manufactured and as many articles
have appeared covering their operation. Yet at
a recent public demonstration of a particular
make in one of the large New York stores, nine
out of ten people were amazed that such a device
was in existance and, of course, knew much less
of its workings. For the benefit of the uninitiated,
let it be here stated that an electrical pick-up
unit is nothing more than an electrical sound
box for your phonograph.
The name "pick-up" unit has been given to
that particular arrangement suited for connects
ing your old type phonograph with your radio
receiver. This has required a few circuit kinkwhich are new, but the fundamental principle
employed goes back to the early stage of the
telephone and the phonograph. Alexander Graham Bell about 1875 discovered that when a thin
piece of magnetic metal was vibrated in front of
an electro-magnet, currents were created in the
windings of the magnet. These currents were
exactly similar in their electrical vibration to
the mechanical vibration of the magnetic metal
directly in front of the pole pieces of the magnet.
Thus, when he talked directly against this thin
Coil Wires---.
Pole Piece

j

. Thin Iron
Diaphram

Wire Coil — wwJ
FIG. I. A CROSS-SECTIONAL VIEW OF
AN ORDINARY TELEPHONE RECEIVER

piece of iron it would vibrate and create currents
in the windings of the magnet similar to his voice
vibration. This was the first electric telephone.
Reference is here made to Fig. 1, which shows
a cross-sectional view of the modern telephone
receiver with its electrical windings, magnet, and
thin metal diaphragm located directly in front
of the magnet. But what has a telephone receiver
to do with this subject? Bell's first telephone
used only one of these receivers at each end. The
subscriber talked and listened through the same
device, switching it to his ear when he wanted
to listen and to his mouth when he wanted to talk.
Few people realize that the telephone receiver
to-day is practically unchanged from Bell's
original conception of the complete electric
telephone. As the art developed, other more
sensitive principles were used for the telephone
transmitter or mouthpiece, but nothing has
been found better for the receiver. And even now
the receiver, when used as a transmitter, produces better tone quality but less volume than
the ordinary telephone transmitter.
We gather from all this that an electro-magnet
with a thin piece of iron in front of its poles will
act either as a transmitter or as a receiver. You
can prove this for yourself at any time by holding
your hand over the telephone transmitter and
talking to your party at the other end of the
line by shouting into the receiver. You will have
to talk rather loudly, as the efficiency of this
circuit arrangement is quite low, but you will
be heard very distinctly at the other end of the
line.
Now, Thomas Edison brought out the phonoyears took
after the
Bell's
telephone.
This wasgraph acouple
a deviceof which
minute
vibrations of the thin iron disc and, instead of changing them into electrical impulses, recorded them
on a wax cylinder which was rotated when recordings were made. This 0was done by attaching
7
a sharp needle on to the 2center
of the thin disc.
This needle cut a waving impression in the wax
cylinder as the disc moved to and fro under the
influence
voice.theThen,
whenwasit
was
desiredof tothehearperson's
the record,
thin disc

placed at the end of a horn and the needle was
made to travel over the same waving path which
it previously had cut. The wax groove forced
the needle to and fro, which in turn actuated
the diaphragm. Such a device is called a soundbox on the modern phonograph. A diagram of it
appears in Fig. 2.
An electrical pick-up unit is merely the combination ofthese two inventions. A phonograph
needle must be attached to the pick-up device.
This needle actuates a thin strip of iron mounted
directly in front of the pole pieces of an electromagnet. As the needle is forced back and forth
by the waving nature of the grooves of the phonograph record, the thin iron diaphragm is forced
to vibrate in unison in front of the electro-magnet.
This vibrating magnetic metal induces electrical
currents in the windings of the magnet whose
vibrations are similar in nature to those of the
diaphragm,
and 4.in turn to the grooves in the
record. See Fig.
Of course, these currents are extremely weak,
although very clear and excellent in tone quality.
If we should place a pair of headphones across
the output of this electric pick-up unit we would
hear some very fine music. The only problem
■Thin Diaphram

Actuating Arm
Fixed Pivot
Needle Holder
Needle
FIG. 2. A CROSS-SECTIONAL VIEW
OF A PHONOGRAPH SOUND-BOX
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FIG. 3. THE AMPLION REVELAPHONE
that now remains is to amplify this sufficiently
to be heard well from the modern loud speaker.
Here is where the radio receiver comes into the
picture. So far, we have only used the turn-table,
motor, and record of the old photograph. The
electrical pick-up unit has taken the vibrations
off the record and has transformed them into
Pick up Wires
Pole Piece

-Actuating Arm
Fixed Pivot
-Needle
FIG. 4. A CROSS-SECTIONAL VIEW
OF AN ELECTRIC
PICK-UP UNIT
electrical currents; now they are to be amplified
by the radio set.
ONLY THE AUDIO IS USED
THESE currents are not radio currents at
all. They are merely the amplified music
and voice from the record. Hence, only the audio
amplifying end of the radio set is utilized, and
the pick-up unit must be so designed as to be
readily attached to this audio amplifying section
of the radio receiver. The currents are then
amplified through the audio amplifier and are
reproduced through the loud speaker, just as
the radio programs are amplified and reproduced
after they are detected by the detector tube.
One would guess from this that the pick-up units
are attached in some way to the detector tube,
at the beginning of the audio amplifier. All of
the electrical pick-up units tested in my laboratory operated on this principle. Most of them
were arranged to operate in the plate circuit of
the detector, although one was arranged to work
into the grid of the detector tube and thus gain
the amplification of the detector tube.
A careful study of the constructional details of
quite a number of different designs shows the
necessity of some sort of damping on the vibrating piece of thin iron. Naturally, everything has a
natural or inherent period of vibration. Just as a
tightly stretched piano string will vibrate at a
certain pitch when plucked with the finger, so
will the thin iron reed in front of the pole pieces
of the magnet tend to vibrate at some particular
pitch whenever it is set in motion. If this were
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not damped or stopped in some way the unit
would rattle on certain notes and blast and distort the music. This damping is accomplished by
mounting pieces of soft rubber tightly between
the iron reed or diaphragm and the pole pieces.
The photograph in Fig. 5 shows how this is done
in the pick-up unit made by the StrombergCarlson Company. In the Amplion Revelaphone
the entire vibrating iron reed is pivoted in sponge
rubber. The reed is thus left free to vibrate between the pole pieces, but is damped by the
rubber mounting at its pivot. The Bosch Recreator also operates on the damping principle of a
rubber pivot rather than rubber between the pole
pieces. The Baldwin Needlephone has a rubber
damped pivot as well as damping rubber between
the pole pieces.
MOUNTING AND VOLUME CONTROL
THERE are two main methods of mounting
these electrical pick-up units on the phonograph turn-table. Most of them are built with
their own mounting arm which holds the magnet
and the needle on the record. The mounting arm
is swiveled on a supporting base which screws
on to the top board of the phonograph, adjacent
to the revolving table. This is shown in Fig. 3,
a picture of the Amplion Revelaphone. The
Bosch arm is swiveled on a leaded base which is
heavy enough to hold the arm in the correct
position without screwing the base down to your
phonograph. The Stromberg-Carlson unit has a
leaded or weighted base, but has provision for
screwing it down also, if desired. The second
principle of holding the electrical magnet and
needle on the record is that employed by the
Baldwin Needlephone and the Pacent Phonovox.
Both of these units are arranged for attachment
on the present phonograph arm which holds the
regular sound-box.

1928

The regulation of volume of tone has brought
forth almost as many ideas as there are different
electrical pick-up units. In general, these volume
control boxes are variable resistances which shunt
out some of the electrical currents generated in
the pick-up unit. An adjustable knob enables
the volume to be reduced to an almost inaudible
whisper. In the Pacent Phonovox and the Amplion Revelaphone these volume regulators are
quite small and look more or less like an electric
switch such as is often used in lamp cords. The
Stromberg-Carlson control box is medium and
is arranged for screwing on the baseboard of the
phonograph, if desired. The control box for the
Bosch is the largest of all, it being the largest
piece of apparatus in the pick-up ensemble.
Then, again, we have the other extreme in the
Baldwin Needlephone, which has no volume
control at all, but relies on the volume control in
the radio receiver.
The question of weight on a record is indeed a
serious problem. Records as well as needles wear
out, and we are quite familiar with the fact that
needles should be changed rather frequently.
PICK UP WIRES

RUBBER PADDING
BETWEEN REED
and POLE PIECES
MAGNET
PICK UP COIL
THIN IRON REED
FIG. 5. THE COMPONENTS OF
A TYPICAL
PICK-UP UNIT
However, one is not accustomed to think in
terms of "record wearing." Nevertheless, this is
quite an important factor, if the electrical pick-up
unit is made at all heavy. It is this factor that has
controlled the size of the magnet in the pick-up
unit and accounts for the fact that all of them
are extremely small. Of course, it would be possible to build a pick-up unit which would deliver
considerable volume without amplification, but,
the weight of the magnets would soon ruin any
phonograph record. In this connection, it is

FIG. 5. THE STROMBERG-CARLSON

PICK-UP UNIT
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worth while noting the Stromberg-Carlson
system. A stiff rugged spring is mounted at the
point of support for the pick-up arm and its
mounting base. This spring tends to lift the arm
and unit off the record. Of course, the weight of
the unit overcomes the spring action, but the
spring takes a great deal of the weight of the
electrical pick-up unit off the record. The
Amplion Revelaphone has a slightly different
system. By making the unit arm pivot near the
unit itself, only the weight of the unit rests on
the record while the rest of the supporting arm is
rigidly swiveled on the base, which is screwed
to the top of the phonograph.
HOW THE UNITS ARE CONNECTED
THE methods of connecting the pick-up
unit to the detector tube vary considerably
in each case. The Bosch Recreator is attached by
means of a special plug which fits into the detector socket in place of the detector tube. At the
top of the plug are two tip jacks into which the
cord tips are inserted. The Amplion Revelaphone
is built with a combination plug and socket.
The detector tube is removed, the plug inserted
in the detector socket, and the detector tube
replaced in the special socket at the top of the
plug. The StrombergCarlson electrical
pick-up unit is built
with a standard plug
which is made specially
to fit into the proper
jack for the purpose
in their various models
of radio receivers.
The Pacent Phonovox
Unit is designed with a
very unique method of
attachment which utilizes the amplification
of the detector tube
and so permits the
tube to be reinserted
in its socket. A thirl
bakelite strip with the
proper holes is pushed
on the pins at the base
of the tube. The tube is
then inserted into the socket. By means of eyelets in two of the holes (the grid and filament)
contacts are made with two pin jacks at the outside edge of the bakelite strip. The electrical
pick-up unit is connected by cord tips in these
two pin jacks.
The electrical coils wound on the pick-up
magnet must be very small, mainly because of
the smallness of the pick-up magnets themselves.
As previously discussed, the magnets must be as
small and as light as is consistent with good results, in order to reduce the wear on the phonograph records. In order to make a compact,
small, electrical coil, it is necessary to use very
small wire. This wire is hardly larger than a hair,
being in the neighborhood of No. 40 B & S gauge.
Obviously, such a coil would quickly burn out if
any battery currents were allowed to flow
through it. Of course, any unit which is attached

FIG. 8.

FIG. 6. THE BOSCH RECREATOR
to the grid of the detector tube does not have to
have any special precautions for eliminating the
battery currents from the electric winding, as no
battery current exists in this part of the circuit.
All of the pick-up units that are designed to
operate on the plate circuit of the detector or the
primary of the first audio transformer, must be

FIG. 7. THE PACENT PHONOVOX
arranged with a fairly large condenser in series.
This condenser prevents the flow of the detector
battery currents through the pick-up unit, but
allows the audio current generated in the unit to
pass through into the primary of the first audio
transformer. This circuit arrangement is shown
in Fig. 9. The Stromberg-Carlson receivers are
equipped with a pick-up jack wired according to
Fig. 8. This places the pick-up unit directly
across the primary of the first audio transformer
when the pick-up plug is inserted in the jack.
A stopping condenser, under these circumstances, isnot necessary.
HOW TO GET BEST RESULTS
ALL of the electrical pick-up devices which
we have tried operated very satisfactorily.
Some were particularly low pitched while others
covered the higher ranges. It would be entirely
a matter of taste which would be considered the
best from the point of view of tone quality. In
this connection several important things should
be mentioned in order to do justice to all types
of electrical pick-up units. In the first place, it
is most desirable to use the latest type of electrically recorded phonograph records. On the
Victor records this can be easily ascertained by

the letters "VE" at the top of the name-plate
at the center of the record. This means "Victor
Electric." Electrically cut records of other makes
are also plainly marked on the signature of the
disc. The old-fashioned records were not made
with the bass notes because there was no way of
reproducing these bass notes. You will not obtain
the best tone quality
on any electric pick-up
with an old record.
In the second place,
it is essential, for best
results, to employ a
power tube
last
audio
stagein ofthe your
radio set. Such a tube
should be operated cn
at least 135 volts and
should preferably be
of the 171 type. Th.;
has more effect on th*;
reproduction of the
base dio
notes
than the au-of
transformers
your receiver. I have
heard of a case where a
man went to all the
trouble of replacing his
audio transformers in
his radio set to give him the bass notes and then did
not employ a power tube in the last audio stage.
In the third place, a good cone speaker, an exponential horn or a dynamic speaker should be
used on the set. The use of the old type horns or
small cone speakers will take away much of the excellent tone quality which is noticeable in the
modernOrthophonicand Panatrope phonographs.
The most important of these suggestions is
that you should have a power tube and good
speaker if you are seriously interested in good
quality. The reason for the excellent tone quality
on the latest phonographs is not solely the electric sound-box. A loud speaker and a good power
tube, such as is used in the Panatrope, are
equally essential. The picture at the beginning
of this article shows an excellent arrangement
for phonograph reproduction. A StrombergCarlson pick-up, a Samson PAM power amplifier, and a Jenson dynamic speaker are used.

FIG. 9.

THE EQUAMATIC REVAMPED FOR REGENERATION
The Equamatic system is well known to all radio experimenters and home constructors. The addition of one small condenser, C,t, makes a lot of difference in
the sensitivity of this circuit — as well as that of any neutrodyne or t. r. f. set
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Regeneration

to

Any

Herbert Grove
as well as one across the audio
,NE of the commonest
ways of finding out
input, C2. Condenser, Ci will be
whether or not a radio
Making Regeneration Simple
about 1 mfd., effectively conducting r.f. currents through the
scheme works is the "cut and
JK/fANY radio writers have a habit of making very simple
primary coil back to the filament
try" method. This is usually the
things seem most complex. In this article, the originator
of the last r.f. amplifier tube and
longest way around an often simof the Equamatic circuit, which was first described in this
keeping them from running all
ple problem, but radio has not yet
magazine, does the opposite. He tells how in a very simple
advanced to the point where one
over the plate in the B-battery
leads. Condenser C2 is usually
can do all his labor at his desk or
fashion the seemingly complex trick of adding regeneration may
about .001 mfd. and is placed
drawing board. Some work must
be played upon the Equamatic, any t. r. f. set, or any neutroacross the audio amplifier input
be done with a screw driver, solddyne. Such a trick should double the stations one can hear on a
so that r.f. currents in the plate
ering iron, and pliers. A little jugood night — at least, it did so in the Laboratory.
circuit of the detector are given
dicious work with pencil and
Mr. King's trick consists in adding regeneration to the dean easy path across the amplifier.
paper, however, will often save
tector ofthe circuit by means of the primary of the r. f. transA better way to connect C2 is
hours of labor and promise
former which connects the previous tube to the detector. The only
from the plate to the filament of
either ultimate disappointment
additional instrument necessary is a small variable condenser.
or success.
this tube so that these r.f. currents need not go through the B
In some cases a r. f. choke may also be necessary.
For example, if you knew that
— The Editor
battery or plate supply. Of course,
adding a little regeneration to
there will be a tuning condenser
the detector of a neutrodyne, or
■inuunuiiiiiiiiiiiuiikmiiiiij and some other apparatus, but
t.r.f. set, or an Equamatic resince we shall not need to discuss
ceiver, would give it sufficient
them further we shall dismiss them from the
pep to enable it to get that elusive dx, how
would you perform this minor operation?
argument at once.
Let us revamp this diagram so that it looks
Before presenting a system for which we are
indebted to Mr. Louis G. King, known to
like Fig. 2, which from the viewpoint of radiofrequency currents differs not at all from Fig. [.
Radio Broadcast's readers as the originator
Condenser Q. connects the lower ends of both
of the Equamatic system, let us look at a few
primary and secondary coils, and C2 goes from
simple diagrams. In Fig. i we have the convenplate to filament. Now let us look at Fig. 3, which
tional detector circuit of a receiver — let us say a
is a simple regenerative detector. We have added
neutrodyne — in which an r.f. stage precedes
the detector. This is the fundamental detector
coil T in series with the audio amplifier and the
circuit used in such receivers as the Atwater
plate of the tube. All radio-frequency currents
in the plate circuit of the detector must go
Kent, the Crosley, t.r.f. sets, etc.
through this coil before returning to the filament
Following Professor Hazeltine's patent papers,
of the tube.
No. 1,648,808, the primary P, will have about 8
fig. 1
These changes are small, but the difference
turns, the secondary, S. about 60, and there will The conventional detector circuit preceded by the
probably be a bypass condenser,' Q, from the primary of a transformer which couples this de- such a slight circuit change makes to weak
plus 90 lead to one side of the filament circuit,
tector to a preceding radio-frequency amplifier signals is remarkable. Regeneration in a detector
210
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FIG. 2
The same detector circuit as shown in Fig. 1 , hut
drawn differently. The bypass condenser, C\, connects directly from the bottom of the primary to the
filament and hence to the bottom of the secondary
winding. Radio frequency currents are bypassed
from the plate to the filament directly
is often as good for weak signals as two or more
stages of radio-frequency amplification. How
can we make our neutrodyne detector, Fig. I,
look like Fig. 3? Add a tickler coil? No, says Mr.
King, there is a simpler way. Let us look at Fig.
4. This is exactly the same as Fig. 3 but drawn
differently — the tickler coil is at the bottom of
S instead of on top of it. It works just the same.
Thf lext step, shown in Fig. 5, is more complicated. Here is where the trick begins.
In Fig. 5 we have added a radio-frequency
choke and regeneration condenser, C3, and
placed the audio system as a shunt path, instead of a series arrangement, to the regeneration circuit composed of T, G> and C3. The
choke keeps the r.f. currents out of the audio
system; C3, which is about 0.0001 mfd. keeps the
audio currents out of the tickler circuit. We have
provided an effective filter system, keeping the
two frequencies in their respective channels.
The tickler coil, T, is now fixed in place and
regeneration secured by varying C3.

REGENERATION

TO

ANY

the regeneration condenser at each frequency,
since more regeneration is needed at the longer
waves. But if applied to an Equamatic, and Mr.
King had this receiver in mind when he worked
out the trick, C3 can be placed inside the
cabinet, adjusted, and let alone. The photograph
at that head of the article gives a good view
of the installation. It can be fixed so that the
detector oscillates all the time, or nearly oscil ates, or so that the additional pep is just
enough to give one the dx required. This simplicity isdue to the variable coupling between
P and S, which is the heart of the Equamatic
system and which automatically increases the
coupling between T and S at the longer waves
where more coupling and more regeneration
are needed.
Sometimes if the impedance of the audio frequency channel is sufficient at radio frequencies
to keep r.f. currents from flowing through the
winding and to force them through the shunt
circuit, the choke may be omitted. It will be
necessary to remove the condenser across the
audio input, and if the regeneration condenser,
which may be 0.0001 mfd. as a starter, is not
sufficient to cause oscillations at the longest
wavelength
to' be received, the choke may be
added.
Suppose, then, we have an old-style neutro-

THE R. F. PRIMARY AS A TICKLER
HERE is where Mr. King steps in. He notices
that the primary coil, P, is attached to the
secondary by Q, just as tickler T is, and says
why not use P as the tickler coil as well as the
primary of the r. f. transformer which connects
the r. f. amplifier to the detector? The result is
Fig. 6.
If applied to a neutrodyne or t. r. f. set of the
conventional type it will be necessary to adjust
R.F.Choke

FIG. 5
Instead of a series tickler and audio system arrangement, we can use this arrangement, which
shunts the audio input across the regenerative
apparatus. Variable regeneration is obtained by
the condenser, C3

FIG. 4
The same regenerative detector drawn differently .
The tickler coil is at the filament end of the secondary instead of near the grid end It works equally
well in the two cases

dyne. We get into the box, attach our regeneration condenser from the plate- of the detector
to the plate of the previous r.f. tube, and
listen-in. If nothing happens we look for the
bypass condenser across the audio transformer
primary and remove it. The detector should now
oscillate at the shorter wavelengths and with
about 0.0001 mfd. regeneration capacity. If the
detector does not oscillate, the primary of the
transformer, which is also being used as a tickler
coil, must be reversed. If the detector oscillates
on the longer waves as well as on the short, all
well and good. The next step depends upon the
type of set to which this trick is being applied.
If it is an Equamatic receiver, in which the
primary automatically moves as the tuning condenser capacity changes, nothing need be done
but to determine the best setting for the regeneration condenser. This is the point at which
regneration occurs at all wavelengths, but actual
oscillations do not occur at any. Some receivers
have decided bumps and hollows in the gainfrequency curve, so that a setting of the regeneration condenser which does not cause the

SET

FIG. 3

A rengerative detector. The additional coil marked
T is the tickler. There is no more sensitive or
efficient single circuit than this
detector to break into oscillation at one frequency will cause decided oscillations at another.
The trick is to find the position of this condenser
which causes oscillation at no setting of the tundials. receiver has fixed primaries, as in the
Ifingthe
neutrodyne or the t.r.f. sets, the regeneration
condenser had better be on the panel so that the
amount of regeneration is under control at all
times. With such an additional control it is
always possible to make the detector circuit
oscillate, and to tune in stations by the familiar
sary.
"squeal" method. If oscillations do not occur in
the longer wavelengths, the choke will be necesIn the latest Equamatic, in which a stabilizing
condenser is used as shown in the photograph at
the head of the article, the procedure is as
follows. Open up the stabilizing condensers until
the receiver oscillates. Then screw them down
slowly until the set is under control at all frequencies. Then add the regeneration condenser,
and choke, if necessary, and ascertain the combination ofstabilizing capacity and regeneration
capacity that is best — it must be determined by
experiment alone.
The result of such a procedure is to make the
receiver, be it an old-style t.r.f. set that has little
or no amplification at the lower radio frequencies, or a modern high-gain set, more sensitive and naturally more selective.
The parts necessary for these changes are but
two, the 0.0001 mfd. variable condenser and the
r.f. choke — which may not be necessary.

FIG. 6
Instead of adding a tickler, we may use the primary
of the interstage transformer, not only as a primary,
but as a tickler as well. The r. f. choke may not be
necessary, provided the condenser across the audio
primary is removed. Condenser C3 provides the
variable regeneration necessary to cover all frequencies

THE PANEL OF THE 5-METER RECEIVER
A top view of this receiver is shown in Fig 1. At the left is the tuning condenser, of the
vernier driven type. The knob in the center of the panel is the regeneration control. At the
right is the filament rheostat
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By R. S. Krase

THERE has been too much sorrowing for
the Ishmaelites, those chaps who fell out
with the community and took to the hills
where there were better chances of running away
— and more things to run from. I suspect that in
the course of hunting and being hunted they fell
across more interesting things per month than
their orderly relatives down in the towns saw
during a lifetime.
This is of course an argument for crime and
disorder, which is quite fitting, since we are
about to tell a story of some wholly irregular
proceedings that resulted in driving a surprising
lot of interesting radio rabbits out of the electric
brush.
HOW IT BEGAN
f~\ F COURSE there isn't anything novel about
the 5-meter wave except by reason of its
having so long lain in mothballs with all the
other short waves that the early radio men from
Hertz to Marconi investigated. The spark apparatus then available not being very suitable for
short-wave work, not a great deal was learned,
and the styles turned toward long waves with
antennas large enough to cover a Texas county.
When the vacuum tube had become thoroughly
practical as a transmitting device we were
treated to the singular show of a world full of
radio folks stoutly insisting that a vacuum tube
was useless on all waves below 400 meters — but
that it was of small moment, since the waves
below 3 50 were worthless anyway.
At this statement a number of us went off the
reservation just as the Indians used to and after
some bushwhacking around we discovered that
the short waves were not worthless but looked
astonishingly as if they might be improvements
on the longer waves. Furthermore, we found
that the vacuum tube oscillated nimbly at 60
meters, whereas our spark sets refused to get
down to 150 at all. This was duly denounced
as rank heresy by the orthodox, who took no part
whatever in such practices, i.e., making circuits
that would oscillate at 60 meters.
So it went, even as late as 192 1. Sprinklings of
stations below 200 there were, but at least one
of us (which was I) was hauled before the radio
club and accused of communicating with an
imaginary station because I and the station I was
working were both on 160 meters, and the

MANY years ago, when there was no radio hut
telegraphic radio, we used to talk to station
gLQ, at Lawrence Kansas. Not so many years ago
we met the operator of this station, who was then
at Cruft Laboratory working with John Hays
Hammond on the various secret radio transmission
systems in which the inventor was interested.
Together we listened with considerable awe to
lectures on tubes, etc., from Professors Pierce and
Chaffee. Since then, we have known Kruse intimately through his breezy articles in QST.
Now, we are glad to say that Mr. Kruse will be
a regular contributor to Radio Broadcast. He
will speak about short-wave receivers, transmitters,
antenna systems, laws, problems — and all that
goes with them. An article to follow this one
will give the constructional data on the 5-meler
receivers and transmitters described in this article. Ifthere is any reader of Radio Broadcast
who does not know Kruse already, he is hereby
introduced !
— The Editor.

accuser, being nearby, could hear my part of the
proceedings but not the other fellow. Of the
commercial folks our good friend Grebe first
showed faith by building a tuned r.f. amplifier
that went down to 150 meters!
Grebe shows his continued faith in short waves
by continuing to build receivers for the very
high frequencies.
By 1923 we had become fed up with this sort
of thing, and through the machinations of Boyd
Phelps and myself, some amateur stations staged
an "Exploring 100 Meters" Party, moving our
transmitters down by steps and demonstrating
that signals would really come through at such
wavelengths as 60 meters. There was loud derision atfirst — and puzzled silence afterward — for
the signals had of course come through like the
well-known ton of bricks just as several years of
tinkering had assured us they would. The
tinkering was, by the way, started by Phelps at
least as early as 19 19 with a low-power 33-meter
spark set. After that many names appear that all
amateurs know — Reinartz, Dunmore, Conrad,
Ramsay. Presently, there was a short-wave "CQ
Party" and many stations were heard over great
distances. However, the great congregation
212

remained at the old waves — mainly a little above
200 meters. It is very singular that all the wavemeter errors were upward!
Presently, the Washington Radio club produced some active 100-meter stations, those of
Browne, Darne, Basim and Hastings in particular. Soon we managed to blast out of the authors
some articles on short-wave tuners. These tuned
all theto way
down to 90 meters and Schnell's
went
60 even.
Things now became active — there were
investigations between the Naval Research
Laboratory and other stations, under the leadership of Dr. A. H. Taylor and L. C. Young.
Then a cooperative arrangement with Leon Deloy of Nice, France, put our own Schnell's 100meter back.
signal Aacross
the Atlantic
and thentalked
Deloy'sto
came
few hours
later Reinartz
Deloy and then many others did it. Presently,
in 1924, the Department of Commerce gave
back again to the amateurs some of the territory below 150 meters, which resulted in the
present system of amateur wavebands and the
pages of QST bristling with articles on using
them. The population, however, howled murder
and refused utterly to use the low waves until
there was much more demonstration by Schnell
and others that the 40- and 80-meter bands were
good ones. At that the 20-meter band lay idle
until the Experimenter's Section of the American Radio Relay League made 20-meter tests
resulting in daylight transcontinental contact
between Reinartz on the East Coast and Willis
on the Pacific.
SETTLING UP
BY THIS time the 80-meter band was settled
territory and presently the40-meter band became the same. Nowadays, the 20-meter band is
thickly populated. Long ago, however, the ones
who discovered the 20, 40, and 80-meter bands
have moved on down to 5 meters and have run
assorted tests with uniform results — oh, very
uniform! Without exception there have been no
signals but those of Uncle Henry's model T
ignition systems. From this it is clear that there
is nothing to this 5-meter business, especially
since the latest and most up-to-date transmission theory points out clearly that wavelengths ofthe order of 5 meters will never come
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FIG. I. A RECEIVER THAT GETS 5 METERS
An ancient ymeter receiver — still good. This set was used to make 1200 field observations on transmissions
from 2EB at Jamaica and ioa at Hartford and Glastonbury. The circuit is perfectly normal, being of the
general type of the circuit shown in Fig. 2 plus a second audio stage. With so simple equipment the signals
from a ux-852 have been copied in a moving car through ignition noises at 5 miles, and at 60 miles with the
car stationary and a 20-foot antenna hung on a tree. The pencil points toward the tuning inductance
down at all on this earth, except, mayhap, in the
antipodes.
However, the wanderlust drives on the same
group that originally departed from the 200meter reservation. With the group consisting
of Ducati of Italian, 'acd,' Douglas out in
Kansas, Phelps and Kruse on the east coast, it
became necessary to make some more detailed
study in place of mere "blind" transmissions.
EXPLORING 5 METERS
AT THIS point there entered the radio
flivver, financed by Phelps and known as
Conny because of its Connecticut and New York
licenses. The flivver wandered restlessly about
Jamaica and Hartford, gradually determining
what one may expect 5-meter waves to do. The
results were surprisingly normal and unalarming.
The signals do not die off in the rapid manner
that we had been warned against, nor do they do
anything especially freakish.
Some 14 months prior to the days of Conny a
few signals from an ancient 5-watt uv-202 transmitter of Phelps, at Staten Island, had managed
to put signals at 5.2 meters into Glastonbury,
Connecticut, where an amazing "haywire"
receiver of mine received them. We hoped to repeat this and make it more consistent. We did
repeat it, but not before many trials were made,
more power used, the apparatus repeatedly improved, and an appalling number of tests run. Our
difficulty was with a tremendous "noise level,"
far worse than at longer waves. This having
finally been greatly reduced by means of a double
detection receiver, we again hoped for communication, but failed.
Phelps then built a huge automatic key that
ground out his call and a test signal by the week,
and after some listening this was heard in Kansas
by Douglas and in Seattle by another listener.

My own signals struggled as far as Kansas,
and I heard Ducati's signals. Ducati's transmitter was located at Bologna, Italy, and used
about 400 watts. This began to look more hopeful
but the contacts were always brief. Phelps then
organized a two-way contact with E. S. Strout,
2NZ, of Newark, N. J., and several conversations
were held at 25 mile distance. However, the
"lure of distance" was again at work.

.

MORE DISTANT RECEPTION

TN THE fall of 1927 a trip to the West Coast
1 seemed to offer a good opportunity. A 5meter double-detection receiver was rather
hastily discarded in favor of a new detector-audio
receiver which I took to Lawrence, Kansas.
However, it proved to be not sensitive enough
and was replaced by another and better double-

FIG. 2. A SIMPLE 5-METER RECEIVER CIRCUIT
This receiver is of the detector-audio type. Regeneration control is by the resistor, R, only the Frost type
having proved satisfactory at 5 meters. The ux-112 and 112A detector tubes are best. Ci, C2, and Cj
all have the same capacity, about 10 mmfds., obtained by trimming down a "vernier" condenser. Li may
range from 1 to 4 turns of about 1" diameter. Ci must be driven by a quiet vernier dial, such as National
type
only a knob
for calibration.
"set and forget"
use — otherwise
the tuning
will over
be all
mixed mfd.
up
since F,thewhile
use ofCjthisneeds
condenser
disturbs
C4 should
have a capacity
of not
0.0001
The grid condenser is about 100 mmfds. with a high leak (8 megs). The detector tube must be cushioned on
sponge rubber and all leads to it made flexible.
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Again, the attenuation (i.e., the dying off of the
signal as one goes from the station) does not
seem to follow theory. The thing seems to fall off
no worse than some other wavelengths which are,
theoretically speaking, better.
THE ABSENT ANTIPODES

A WAVEMETER — OLD STYLE
A bit of history. This old time wavemeter was used by Phelps at pzT in Minneapolis in the fall of ign .
The range is from 10 to 1 50 meters, (a range of 28,000 kc) and the condenser has a capacity of 1000 mmfds.
detection set built before breakfast in some
miraculous way by Douglas. With this nothing
was heard at Newton — 180 miles west — at night,
which was expected. At Grand Canyon, Arizona,
both Norwell Douglas (Kansas) and Phelps
(New York) were very weak. At San Diego,
neither were the signals thrillingly loud nor were
they amazingly steady, but they were there !
At San Antonio, in the midst of perfect receiving
conditions, there was an equally perfect silence.
As nearly as can be established, the reflector at
qeht (the Kansas station) was not aimed right,
and the schedule at 2EB (the New York station)
was either not sent or else sent at another time
than it was listened for. At New Orleans the set
stubbornly refused to function and after finally
being persuaded into unstable oscillation, grudgingly turned out a rather weak and barely readable signal from Kansas.
All this looked highly encouraging, especially
when viewed in the light of the reception of
Italian ier (Santangeli) — a distance of about
1000 miles — at Tripolitania by Captain Filipini,
and the rather consistent 24 mile reception by
C. H. West (2CSM)'of his own very low-powered
automatic signals at distances within 24 miles
of Stapleton, New York, and finally the very
nice work of C. H. Turner with a crystalcontrolled 5-meter transmitter in the Vermont
mountains at distances above 100 miles.
The thing was especially interesting because
the results did not "gee" very well. Turner's
conclusions were that the wave was a daylight
one (on which we seem to agree) and that it was
useful only for straight-line work, whereas we
have numerous cases wherein the signals were
very healthy indeed behind hills of good size, for
instance, on the opposite side of Avon "mountain" (Connecticut for hill) from my own Hartford station. Again the alleged daylight wave
has at certain times shown a strange disposition
toward abnormally strong signals on very foggy
days,
thoughor this
to themain,
" local"
(60 miles
less)applies
signal seemingly
only. In the
the
distance reception has been best and steadiest
with clear skies, the California "high fog" (West

Coast for generally cloudy) being a good barrier
in the few cases where it was possible to observe
while it parted.

|T IS, perhaps, especially interesting that the
1 Australian observers, who seem to be better
than average, have never heard the signals. They
are the ones with the best mathematical right to
hear signals — which again leaves matters open
for speculation.
For that matter there is no end of room for
speculation in the whole thing. A few of the
puzzling things we hope to answer. Douglas
has a pair of reflectors, horizontal and vertical,
with which to aim signals at suspected points,
and Langreth of Wesleyan University, at
Middletown, Connecticut, is building a crystalcontrolled 5-meter transmitter to wash out some
of the other uncertainties. To fit into this picture
there is being made a receiver with cx-322
intermediate-frequency amplification, a longwave heterodyne and an autodyne first detector,
all of which is hoped to be an improvement on
present equipment. Perhaps there will be
something more to report of communication
results.
Meanwhile, the reader, if still following this
story, has begun to do a bit of speculating of his
own, asking of what conceivable use all this may
be. As to that — why is that so serious? If we
make a "useful'' wave of 5 meters then the
utilitarians will say the thing has been good
all along. And if by any rare chance an interesting scientific fact emerges we have the approval
of the pure scientist. On the other hand, if
neither follows, our plaything is still good as a
plaything and should have the whole-hearted
approval of the radio amateur. Nor are we at all
a closed corporation; if anyone in any of these
classes desires to play the game with us — welcome! More about this will be said in a following issue.

A WAVEMETER — NEW STYLE
A later chapter in the story. The new short-wave meter at 2EB, Phelps' present station. The condenser
capacity is 33 mmfds. there are 5 plates instead of 43, and the tuning range is from p.p to 10.8 meters
(30,301 kc. to 27,77s kc., or 2525 kc.) for the full scale of the short-wave coil. This gives a precision, aside
from the mechanical improvement, of approximately 14 times that of the old wavemeter! The one-turn coil
is for ymeter work
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Increasing the Output Voltage of
Simplified Plate Rectification
B -power Units
OURfor Readers
Suggest"
is aThere
clearing
house THE
advantage
rectification
— the
short radio
articles.
are many
lessened
possibilityof ofplate
introducing
distortion
IN PAST numbers of this department suginteresting ideas germane to the science of radio
gestions have been offered by readers for the
through
overload
of
the
detector
tube
—
has
been
transmission and reception that can he made clear described on various occasions in "Our Readers
modernization of power supply devices
in
a
concise
exposition,
and
it
is
to
these
abbrevidesigned before the advent of high-voltage rectiSuggest" columns. In some cases this advantage
ated notes that this department is dedicated. While
fying tubes and power tubes. These suggestions
many of these contributions are from the pens of fails to justify the loss in detecting efficiency.
have generally considered the possibilities of professional writers and engineers, we particularly
It would be well to determine, before permanently changing the wiring in the receiver,
improved voltage divider systems, the addition
solicit short manuscripts from the average reader
whether or not satisfactory signal strength will
of C-supply resistors and the slight gain ef- describing the various "kinks," radio short cuts,
and economies that he necessarily runs across from
be obtained on the desired stations when using
fected by the use of new rectifying tubes. Two
plate rectification. This can be found out in a
readers of this department, William C. Millar of time to time. A glance over this "Our Readers Sughalf minute by substituting a C battery for the
gest" will indicate the material that is acceptable.
Long Island City, N. Y., and Wallace Allen of
Possible ways of improving commercial apparaDenver, Colorado, have simultaneously contus is of interest to all readers, The application of grid leak in the average receiver. The C battery
tributed details of a simple device that, conthe baffle hoard to cone loud speakers, is a good is connected across the grid leak mounting. It is
not necessary to remove the grid leak. The neganected exterior to the power supply unit, inexample
of this
sort of lightning
article. Economy
tive side of the C battery is connected to the grid
creases the output voltage of the transformer,
such as the
spark-plug
arrester, "kinks,"
are most
making it possible to take full advantage of the acceptable. And the Editor will always be glad to • side of the leak. The potential should be varied
new tubes and voltage distribution system. Both
receive mentalmaterial
designed to interest the experi- between 1.5 and 9.0 volts, the plate voltage being
fan.
contributors have suggested the same arrangefrom 22.5 to 60.0 volts for each C batPhotographs are especially desirable and will be changed
ment, but, as they individually cover slightly
tery adjustment, in an endeavor to determine a
paid
for.
Material
accepted
will
be
paid
for
on
pubcombination giving the greatest signal response.
different phases of its possibilities, the editor
lication atour usual rates with extra consideration
Henry Whitehall, Camden, N.J.
has combined their two contributions into a
for particularly meritorious ideas.
— The Editor.
single article, rather than accepting only one of
them.
Parallel Plate Feed
The device recommended has two principal
advantages. It permits the use of C bias resistors
THE use of a parallel feed, i.e., a separation
of the direct current and alternating current
in the negative plate current return without
supply units to compensate poor line regulation
reducing the applied plate voltage below the
in suburban districts. In this case a tapped boostpaths in the plate circuit of a vacuum tube, certainly has no claim to novelty. This system of
ing transformer such as the Ives type 204 and
potentials secured without the bias resistors and
connection has not, however, achieved the
the Thordarson TY121 will provide the desired
the booster. Also, it raises the output of powerpacks designed for the original Raytheon and
popularity to which its merit would seem to enregulation.
title it. So far the set builder is familiar with the
similar tubes to voltages suitable for the efficient
circuit
only as associated with the loud speaker,
operation of modern power tubes.
Cleaning Corroded Battery
The arrangement, fundamentally, is a transTerminals
where
the
of the The
so-called
"speaker
filter"
has becomeusegeneral.
parallel
plate circuit
former booster, raising the line voltage from apASIDE from being unsightly and causing applies the principle of the speaker filter to the
proximately 1 5volts to 130 volts before applygeneral corrosion of A-battery leads, dirty audio amplifier. The circuit is illustrated in the
ing it to the input of the power supply transdiagram in Fig. 2.
terminals on a storage battery are responsible
former. The output of the power supply source
<S
Inductance L should have a high value of
is increased in proportion. The filter systems of for much of the so-called "static" experienced in
many receivers. Dirty terminals are easily about 100 henries. It must be of such construcpresent-day line power devices built by reputable
tion as to maintain its inductance at currents of
manufacturers have a factor of safety permitting
cleaned by washing with a saturated solution of
Toy
this overload. This is not generally true of units
baking (bicarbonate) or washing soda. The ter- several milliamperes. Capacitor C is a condenser
minals
should
be
swabbed
with
this
solution
until
of sufficiently large capacity to offer a low
designed several years ago and there is a possibility that filter condensers will break down if there is no more effervescence. The terminals and
impedance at low frequencies — from 2 to 4
this method of increasing the output voltage is battery top may then be wiped perfectly clean
<lll[li
with a rag.
RJ
applied to some older B-power units.
In addition to cleaning the battery, the soda
The only additional part required is a small
wash effectively puts a stop to the corrosive
toy or bell ringing transformer having a secondary output of about fifteen volts. This is conaction by neutralizing the acid — an effect that
\
cannot be secured by ordinary cleaning.
nected between the line and the power supply
unit in accordance with the diagram, Fig. 1.
CO
A. J. Peters, San Francisco, Cal.
E
15V.
The secondary of the step down transformer is
al former CO
connected in series with the primary or line voltNew Use for a Block Filter
age, giving an additive effect when connected
/ V.
TransCondenser
properly. (If the output voltage of the power unit
Power Supply
is less when the booster is used, the connections
THE more popular models of dynamic cone
>I15
130 V to
to the secondary should be reversed.) So conloud speakers, such as the Jensen or Magnanected, the device is, in effect and actually, an
vox, require a six volt source of magnetization
auto-transformer.
current. I find that this can be adequately supA new BH Raytheon tube (or similarly perplied by many of the popular
trickle chargers
215
across its output
fected rectifying tube) should be substituted for with a Tobe A Block connected
FIG. I
the type employed with the lower voltage in to eliminate hum. This combination is altogether
satisfactory, not a trace of a.c. being perceptible A simple and inexpensive booster arrangement
order to take full advantage of the increase.
Mr. Millar suggests that this arrangement
in the speaker, which functions at full efficiency. which will increase the output of a power supply
device from ten to fifteen per cent.
Albert E. Chase, Quebec, Canada.
might well be employed even with modern power
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FIG. 2
The principle of parallel feed, familiar in oulput
devices, applied to the conventional transformercoupled amplifier.
microfarads. The direct plate current flows
through the choke, L, which has a low impedance
to direct current, while the condenser offers an
effectual bar to the flow of direct current
through the primary of the transformer. Alternating current is prevented from flowing through
the choke, L, in appreciable amount because of
its high impedance, while the condenser and
transformer primary offer a path of low impedance as compared with that offered by the
choke. In this way the two componentsof current
existing in the plate circuit of the tube, i.e., the
space current (constant and undirectional), and
the audio frequency signal current are directed
into different circuits.
The separation of the direct and alternating
componentsof the plate current of a vacuum tube
is desirable for a number of reasons. Direct current flowing through the primary of a transformer sets up a field in the core which may cause
magnetic saturation in the core. Saturation is a
condition under which changes in magnetizing
current do not produce corresponding changes in
flux. Since the operation of the transformer is
dependent on changes in flux, the instrument is
naturally affected. The better the transformer,
the more likely is this to happen. If the transformer's core is of silicon steel, saturation is not
likely to occur with tubes of the 201A or 199
type, but if a 1 12 or 227 tube is used, saturation
may occur. Cores of nickel steel such as are
coming to be used to an increasing extent are
much more subject to this difficulty than are
silicon cores.
Many experimental receivers employ semipower tubes, such as the 112, in the first stage.
In such cases, the following transformer should
always be parallel fed.
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Currents of more than a few milliamperes will
seriously affect the behavior of the nickel steel
transformer, and the instrument may easily be
permanently injured by the application of too
large a direct current magnetizing force. The
effect of saturation of the iron is to reduce the
input impedance of the instrument, resulting
in a loss of amplification which is particularly
marked at low frequencies. When using cores of
some of the nickel alloys, the gain due to the
special core material may be completely sacrificed as a result of too much direct current in the
primary.
The elimination of oscillation and motor-boating in the amplifier is another advantage gained
by the use of parallel feed. It has been noted
that the signal current does not flow through
the direct current circuit, i.e., no signal or
audio-frequency current flows through the
plate supply unit. Since no signal current from
any stage flows through the plate supply, no
audio-frequency voltages are set up, and no
coupling between the stages results from the
common impedance in the plate supply device.
The result is an increase in the stability of the
amplifier, and elimination of regeneration and
"motor-boating."
C. T. Burke, Cambridge, Mass.
Some More on Balanced Speakers
OUR Readers
has devoted
consider-of
able space toSuggest"
the interesting
possibilities
operating speakers of opposing characteristics,
such as a cone and a horn, in series in order to
obtain adequate reproduction of both high and
low notes. Different resistor devices have been
suggested to determine the correct balance. I
find that the simple arrangement, employing
a Duplex Clarostat, as shown, in Fig. 4, altogether satisfactory and less complicated than
the systems heretofore suggested. I am using
an R.C.A. horn with a Western Electric 24-inch
cone. When the right hand screw is tightened,
the cone is cut out of the circuit and the high
notes emphasized. When the left hand adjusting
screw is tightened (and the right hand screw
loosened if necessary) reversed conditions prevail, and the low notes are accentuated. Once the
correct balance is obtained, the resistors should
never be touched, and the screw driver adjustment iswell adapted to this semi-permanence.
R. Mackey, Schoharie, N.Y.
A Milliampere Meter Protector and
Multiplier

FIG. 4

a wellrepresent
ago theurer
A FEW
me aofstartling
gave ative
knowndaysmanufact
figure on the number of milliammeters repaired
daily at his factory. After one of mine had been
laid up for repairs, I adopted the protective
device shown in Fig. 5.
The milliammeter is shunted with a 30-ohm
General Radio filament rheostat. When the
ammeter is inserted in the circuit, the resistance
is adjusted so that the resistance is practically
cut out. In this position, a very slight deflection
of the meter is noticeable, which serves to show
if the polarity connection is correct. The resistance of the rheostat may then be gradually
increased and the meter reading noted. If the
current in the circuit is above the meter capacity,
it will be noted before any damage is done.
Providing all is well, the rheostat may be turned
to
the "off"
position,
full
deflection
on the
meter. which
If the gives
meter normal
has a scale

This balancing arrangement for adjusting cone
and horn speakers connected in series is useful
where one unit favors the high frequencies and the
other low frequencies.

of fifty or more milliamperes, the rheostat may
be used as a multiplier with sufficient accuracy
for all ordinary purposes.
While on the subject of protection, 1 might
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FIG. 3

An emergency storage battery connector that is
quite independent of the elusive binding-post cap.
add that I find the 199 Amperites a very effective
fuse in the B and C battery circuits, and 1- and
3-ampere fuses useful in the A circuit.
Edward T. Werden, Mt. Vernon, N. Y.
STAFF COMMENT
THE rheostat can be used as a multiplier
regardless of the range of the meter as far
as the requirements of the average experimenter
are concerned. The rheostat should be set so
that the indication of the meter is some easily
multiplied fraction of the actual current. For
instance, with the rheostat open, the current
through the meter should be noted (any desired
current can be secured by connecting the meter
in series with a high range Clarostat and a dry
cell). The rheostat is then cut in until the current through the meter drops to one half or one
third or one tenth of the original reading. This
fraction will then hold for all readings. For
example, if the rheostat is set for a one quarter
deflection, three milliamperes on the meter indicate an actual current of twelve milliamperes.
Tinning Wires
WHEN using
an untinned
for thediffiinternal connections
of a wire
receiver
culty is often experienced in tinning the ends
before making a joint. The process of tinning
these wires may be carried out much more
effectively if a groove is filed in one of the surfaces
of the soldering iron. This groove will readily fill
up with solder, and then by sliding the wire to be
tinned into the groove, it will be tinned on all
sides simultaneously.
J. B. Bayley, Jersey City, N. J.
Emergency Battery Connections
IN THE absence of the usual battery clip a
good emergency connection may be made with
an ordinary one inch finishing nail, or even a flat
head if it is of small diameter. First drive the
nail into the lead end post about a quarter
to three eighths of an inch. This may seem
difficult, but is really very easily accomplished.
Then remove the nail and insert the wire from the
receiver or charger and drive the nail in again.
Fig. 3 shows how it is done. This will make
a good solid contact equal to the carrying
capacity of the wire used.
FIG.
5
J. Jersey
B. Bayley,
City, N.J.

AWAW

An inexpensive milliamand itsmultipliermeter
that protector
will save
fifty
cent cost many times over.

A KEW WAT TO RECLAIM OLD SETS
The use of the screen-grid tube in an external amplifier unit constitutes one of the simplest
and most efficient ways of giving new life to receivers that are in need of a little more r. f.
amplification. High gain, easy operation, and the elimination of the necessity for neutralization are among the features of this unit

An
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By The Laboratory

THERE is hardly any receiver that cannot profitably utilize a little more radiofrequency amplification to enable its
owner to reach out for those stations which
ordinarily are just beyond the set's range. If,
at the same time, selectivity can be added — and
all this very cheaply — it is small wonder if
many thousands of the one-stage screen-grid
tube radio-frequency amplifiers described here
are not built. It may be added in front of practically any receiver, and with those which are
none too selective or sensitive now, the difference made on weak signals after they have
passed through this amplifier is extraordinary.
Such an amplifier as is illustrated in Fig. I
is quite simple to build. It adds a stage of radio,
adds selectivity, adds dx-getting ability, and
with simple sets like the one tubers, the crystal
receivers, or the reflex receivers, makes all the
difference between a local or one-station receiver
and a high gain modern receiver.
The apparatus is as follows: a screen-grid
tube, a coil and a condenser with a dial, a socket,
an r. f. choke and a coupling condenser. The tube
requires 3.3 volts at 0.132 amperes for the
filament, 45 volts for the screen grid and from
9Q to 135 for the plate. The bias on the control or
signal grid is obtained by taking the drop across
a resistance in the negative filament lead of the
tube. The circuit diagram is given in Fig. 2,
and any one can put the apparatus together in
about an hour witiL the certainty that it will
work. If desired a box can be built around it, or
the whole outfit can be placed in an aluminum

Any

Receiver

St

or copper can or — as was done in the Laboratory
— it can be built in the simple manner shown in
Fig. 1.
When this amplifier is used with a receiver
which is not shielded, and which may already
have considerable r. f. gain in it, it may be an
advantage to shield the external amplifier, either
by putting it into one of the Alcoa or similar box
shields, or by placing a metal box around the
coil. Under some conditions the amplifier may
cause the receiver to oscillate, or the amplifier
itself may oscillate. In the Laboratory no
MANY owners of radio receivers desire to add a
stage of radio-frequency amplification in
front of their set. Such an amplifier with a tube
of the 201 a type has a tendency to oscillate and
create trouble if it has any r.f. voltage amplification
in it. The answer is to use a screen-grid tube,
which does not oscillate so easily. Such an amplifier
is described here. In the Laboratory it has been
possible audible
to hear
without it.stations with its use that were inWhen the unit is used with the crystal receiver
described in June Radio Broadcast, the receiver
changes from a one-station set to one which will not
only separate wjz from weaf under the very severe
receiving conditions mentioned in the article, but
will bring in all the other New217 York stations as well.
No receiver has been found in the Laboratory
which could not be used with this additional amplifier— it seems to be a universal— unit.
The Editor.

trouble was had at all, even when the external
amplifier was used with receivers which had
considerable gain.
In the Laboratory the amplifier was used with
the crystal receiver described in the June
Radio Broadcast, making it possible to receive
wjz, which is about thirty miles away, without
getting weaf, which operates within 50 kc. of
wjz and is only five miles away. Ordinarily wjz
could not be distinguished through weaf on this
crystal set. It was also possible to hear good
signals from the other New York and New
Jersey stations when the amplifier-crystal detector receiver was operated, although they could
not be heard at all without the amplifier. In view
of the extremely strong field in the vicinity of
the Laboratory from weaf, the gain in selectivity
evidenced by this additional tuning circuit
and its amplifying tube is considerable.
how the unit is operated
TTHE operation of such an amplifier is simple.
The antenna is removed from the receiver
and attached to the amplifier. Then the output
wire from the amplifier is attached to one of three
places on the receiver. On most sets it is merely
necessary to attach the output wire to the
antenna binding post. On some sets which have
an additional tube with an untuned antennaground circuit ahead of the r. f. amplifier itself,
better signals will be received if the output wire
is attached to the grid terminal of the first or
second tube socket, or to the rotor or stator
plates of the first tuning condenser. The best
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If the constructor desires to build his own coil,
about 90 turns of No. 24 wire on a 2-inch form
with about ten turns for the antenna-ground
coil will do nicely. With a .0005 mfd. condenser
about 75 turns will be correct. The kind of insulation on the wire is not important.
A stage of r. f. amplification similar to the unit
described here was described in the June Radio
Broadcast (A Screen-Grid Booster) by Glenn
Browning, and may be purchased complete from
the Browning-Drake Corporation or the parts
may be assembled at home. A similar unit is
manufactured by the Sterling Manufacturing
Company. Up to the present time, this unit has
not been tested in the Laboratory.
The parts used in the unit described in this
article are as listed below. Other similar parts
may be used, of course.
LIST OF PARTS
Ci
G>
Li, L2
L3
Ri

Simplicity is the key note of this additional stage of r. f. amplification which can he
added to your present receiver. It adds amplification and selectivity — and costs hut little
place to connect the output wire is a matter to be
determined by test only. There is no danger
attached to such an experiment; nothing can
happen if the wrong connection is made.
The receiver is then tuned as usual or to the
dial setting where signals are to be expected,
and the amplifier dial turned until the signals
are heard. Under some conditions a slight readjustment of the receiver dial or dials may be
necessary. In general, however, the external
amplifier will have no effect on the receiver tuning with the exception of the first tuning conreceiver's
antennadenser isof theremoved
fromr. f.theamplifier.
first tubeSince
of the
the
receiver's r. f. amplifier, the tuning of this
circuit may be a degree or two different from
usual. The volume control remains on the
receiver itself.
Power for the amplifier may be obtained from
the receiver power supply unit. Several long
leads may be cabled together and attached to

plus and minus A, plus 45 and plus 90 to 135.
These voltages are not critical. If the receiver's
A-voltage supply is used, minus B will be already
attached to the A supply; if an additional A
battery is employed for the amplifier, minus B
must be attached to it. Whether it is connected
to minus or plus A makes little difference. If
dry cells are used, six of them arranged in a
series-parallel connection (Fig. 4) will be economical to operate. A rheostat should be used under
these conditions to cut down the voltage from
4.5 to 3.3, and the C bias for the grid obtained
as shown in Fig. 3. If an external battery is used,
the amplifier
be grounded.
the set's
battery
is used,should
it is probably
already Ifgrounded,
automatically grounding the amplifier.
COIL DATA
THE coil used in this amplifier is the Remler
plug-in type 550 coil, designed to cover the
broadcast band with a 0.00035 mfd. condenser.

I Remler condenser, 0.00035 mfd.,
type 638
1 Sangamo fixed condenser, 0.001
mfd.
1 Remler inductance, type 550
1 Remler r. f. choke, No. 35
1 Frost
Luxe type
resistor,
RemlerDe dial,
637 20 ohms
1
2
1
1

Carter Imp on-and-off switch
Remler sockets
Baseboard, 7x8 inches, 5 ply
Panel,. 7x8 inches, f-inch walnut
25 feet Celatsite Hook-up wire

To place the amplifier in operation the following apparatus will be necessary:
1 Screen-grid tube, ux-222 type
1 A Battery supplying not less than
1 45-volt screen-grid voltage source
1 490-135-volt
plate voltage source
volts

FIG. 3

222-Type

4 to 45 Volts
// dry cells are used a variable resistor should be
used to lower the battery voltage to that required by
the tube. This diagram shows how to connect it in
the circuit

+ 90 to 135
FIG. 4

FIG. 2
The circuit diagram of the amplifier if a six-volt storage battery is used. The fixed resistor Ri drops the
battery voltage to 3.3-3.4 required by the tube and supplies a constant grid bias of about 1.3 volts

Six dry cells in this series-parallel connection will
supply 4.3 volts and when used to light the filament
of a screen grid tubelasttaking
a long1 32timemilliamperes should
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QUESTION of importance is brought
up by Mr. F. H. Akers of Chicago in the
following communication:

There is, I think, a growing tendency
among the broadcasting stations, at least
around Chicago, against which I should like
to raise
"squawk."
1 have been
noticing
for
some a time
an increasing
tendency
for
articulation to become poor and a general
inability to hear spoken words distinctly. At
first I looked in the set for the trouble but
was not able to find it, and, checking up with
other sets and with a friend working at a
broadcasting station, 1 found that they are
favoring the low audio frequencies so that
their station will sound better on sets with
poorer audio equipment. This seems to be a
growing practice which, of course, is nice for
the fellow with a poor audio amplifier, but
leaves the quality not so good for the listener
with fine equipment. Perhaps others are having the same trouble and are mystified at not
being able to find the cause. In the long run
I do not believe such practices will be good
for broadcasting, because they discourage
buying good receiving equipment. I do not
know to what extent this is being done, as the
better and larger stations do not do it, and I
may be wrong in my conclusion.
I have not run across cases of intentional frequency discrimination at broadcast stations,
such as Mr. Akers complains of, and doubt their
prevalence in the Chicago district or elsewhere.
Of course, there are numerous instances of failure
to transmit essential frequencies in the audio
band, but these are seldom purposeful, and may
as a rule be ascribed to poorly designed or badly
operated equipment. The case reported in this
department about a year ago, where a station
operator connected a half-microfarad condenser
across an amplifer to get rid of microphone hiss,
and incidentally cut out most of the tones above
2000 cycles a second, is a flagrant instance, but
quite extraordinary. In this case the owner of the
station liked the absence of high frequencies;
it made the music " mellow," he said. He should
have a dozen cheap violins smashed over his head
before being handed over to the constabulary.
Violins are rich in high-frequency partials. A few
years ago, also, a New York station broadcast
from a sea resort about eighty miles distant over
an unequalized wire line. The result was about
the same as in the station which eliminated carbon "rush" by the inspired-expedient aforementioned. Many stations, of course, transmit only
the three middle octaves of music, and the
Federal Radio Commission lets them stay in
business. But these are all effects of ignorance or
inadequate technical facilities. The stunt which
Mr. Akers describes is a different kind of offense.
If anyone has actually thought of such a device, Iagree with our correspondent that the
inventor had best put the idea in his cold file
and forget it. Compensation in one link of an
electro-acoustic chain for the defects of another
section is of course no novel idea, and in some
cases it is a justified, although always somewhat
dubious, design resource. Something may be said
in its favor when it happens to be economical
and when the defects to be ironed out are quantitatively known, so that a precise compensation
is possible. But receiving sets may have so many
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different defects that any attempt at correction
of the audio characteristic at the transmitter is
bound to injure as many listeners as are benefited
for the time being. If the lows are allowed to predominate atthe broadcast station, what is going
to become of the people who have drummy receiving sets, not to mention those who have already attained a reasonable flatness in acoustic
design? There is as much logic in making the station output tinny in order to help people whose
receivers are down at the high end. If the stations
went in for this sort of thing the audio-frequency
spectrum would become as disorderly as the
radio, which heaven forfend. Let the manufacturers of receivers, amateur and professional,
strive for audio characteristics flat between
ioo and 6ooo cycles, and let those of the broadcasters who have not yet at tained this reasonable
ideal bend their efforts in the same direction.
Plenty of the broadcasters are already ahead of
this standard. I offer in evidence Fig. I, a curve
of the frequency response of the National BroadcastingIsland.
Company'sThe
weafstation
transmitter
more, Long
was builtatbyBellthe
Radio Corporation and the transmitter supplied
by the General Electric Company (Advertisement). The observations for the curve were made
by Mr. Raymond Guy, and I will vouch for them
as authentic. That is a pretty curve, and for
practical purposes it would be no better if it
were a horizontal line drawn with a ruler between 30 and 10,000 cycles, because the irregularities inthe characteristic are too small for
the most sensitive human ear to detect. Alas,
not all of this lovely curve is utilized by the stuff
which gets out over the wire line. I reproduce it,
however, so that Mr. Akers may feel assured that
some broadcasters strive to let the efforts of the
artists go out to the world without any acoustic
infidelites. Those who do not at least make that
effort are, I believe, in a very small minority.

which a well-known telephone and radio research engineer lost his life, may give pause to
those who think nothing can happen to them on
1 10 or 220 volts. The clipping is taken from the
New York Times of April 13, 1928.
Deal, N. J., April 12— H. R. Knettles, 31
years old, a member of the technical staff of
the local Bell Telephone laboratory, was
killed early to-day when he came into contact with a low-voltage power circuit. His
body berswas
of the found
staff. on the floor by other memHe had entered an enclosure in which the
only electric power was a 240-volt alternating
current supply, and was probably killed, it
was said, when moisture in the air caused a
short circuit with his body. Pulmotor efforts
at resuscitation failed.

Low Voltages are Dangerous

The seriousness of an electric shock is dependent, of course, on the power dissipated in
the victim's body, rather than on the voltage impressed. The "medical" induction coils which
were popular ten years ago used to generate
several thousand volts, but the available power
limited the current to a few milliamperes, so
that no damage to tissue could result. When the
power is not so limited, and the resistance
presented by the body happens to be low, moderate voltages may cause death. Every year a
sizable number of persons are killed in bathtubs
on 1 10-volt circuits. Standing in water, and with
wet hands, they touch a defective electric light
fixture. Under these conditions the resistance of
the body is reduced to a few hundred ohms. The
resulting current may be of the order of an ampere. Any considerable fraction of an ampere,
especially when it passes through vital organs
or nerve ganglia, is likely to cause grave injury
or to kill outright. In handling high-power, highvoltage circuits, in general, contact means certain death. In the case of high-power, lowvoltage circuits one gambles with the electrical
of one's
it happens
be low
aresistance
few hundred
voltsbody.
will Ifsend
a man toto eternal

d the danger
ly stresse
HAVE certain
WE of coming
with high-tension
into contact
conductors in broadcast stations frequently enough in this department. Perhaps not
enough has been said about the menace of rerelatively low-voltage circuits. The following
account of a most unfortunate accident, through

sleep just as surely as a few thousand.
The story about moisture in the air, in the
case
of Mr. Knettles,
is, of course,
a reporter's
misconception.
Apparently
the engineer
came
into contact with the conductor through his
head, which may have been moist. Anyone who
has ever made a good contact with a 220- or 240-

Frequency Response Curve of
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a radio power amplifier, the remaining one as a
modulator. With voice input a 50-60 percentage
modulation is reached, the Heising system of
modulation being used. The quality of reproduction isstated to be very good, but no figures as
to the actual audio-frequency range are given.
The receiver is a simple and compact 5-tube
affair, with two stages of neutralized radiofrequency amplification, a regenerative detector,
and two stages of transformer-coupled amplification. The receiver derives its power supply from
the same generator which feeds the transmitter,
suitable filters being interposed.
The larger transmitters (100 and 300 watts
in the antenna for telegraphy) carry substantially
the same parts as the 10-watt outfit, with the
addition of spares, owing to the greater weight
permissible, and, of course, in proportionately
larger sizes where the power requirements are
greater. The 100-watt (ET-3653 )model uses a
ux-210 tube in a Hartley master oscillator circuit, followed by a neutralized power amplifier
in the form of a uv-21 1 tube. This power amplifier is modulated for telephony by the Heising

THE R. C. A. 3OO-WATT AIRPLANE SET
volt circuit knows what a terrible shock can be
sustained on such potentials.
Broadcast technicians, used to handling
potentials of the order of thousands of volts,
become contemptuous of lower voltages. They
are making a mistake. As one gets older in this
business one becomes more and more reluctant
to fool with electricity on any voltage at all,
when power is known to be behind the terminals.
As a young man, just out of college, I used to
test for a live circuit on 1 10 and 220 volts without hesitation, using my fingers. On one occasion
1 actually touched my thumb and forefinger to a
440-volt line feeding a telegraph quadruplex
to see what it would feel like. I did it in such a
way that the movement would disengage me,
and there were spectators present, but it was a
pretty idiotic stunt. Nowadays, I won't touch
the metal of a 110-volt circuit if I can help it.
There are plenty of test-lamps to be had for
twenty cents. And, incidentally, these warnings
hold for receiving set rectifiers as much as for
broadcast transmitter apparatus. One of these
days some enterprising broadcast experimenter
is going to be burned up on the 500 volts from his
power rectifier, when he forgets to turn off the
electricity before putting his hands into the case.
A few electrocutions are imminent. All I can do
is to point out the fact and wait for the newspaper reports.
Commercial Radio Publications
Radio Corporation of America:
"Aircraft Radio Equipment"
THIS is a beautifully printed pamphlet of
specifications and illustrations of three types
of airplane radio stations marketed by R.C.A.
It is issued by the Sales Department of this
company, at 233 Broadway, New York City,
which will supply quotations on request. The
three types of transmitters and receivers available for planes of different sizes are described as
follows:
ET-3652 — Weight: 865 pounds. A light
weight transmitting and receiving
equipment for installation on the
smaller types of "single seater"

airplanes. Rated at 10 watts, it
will, under favorable conditions,
transmit via radiotelephony a
distance of approximately 25
miles, or by radiotelegraphy
(c.w.) a distance of approximately 75miles.
ET-3653 — Weight: 132! pounds. A medium
weight transmitting and receiving equipment for installation on
practically any type of airplane.
Rated at 100 watts, it will, under
favorable conditions, transmit via
radiotelephony a distance of approximately 7miles,
5
or by radiotelegraphy (c.w.) a distance of
approximately 300 miles.
ET-3654 — Weight: 202 pounds. This transmitting and receiving equipment
is designed for use on large aircraft where long distance communication to ground stations
and other aircraft is desired.
Rated at 300 watts, it will, under
favorable conditions, transmit via
radiotelephony a distance of approximately 200 miles, or by
radiotelegraphy (c.w.) a distance
of approximately 500 miles.
The above ranges are stated by the manufactures to be approximate, yet conservative,
so that at times a considerable increase in range
may be secured.
The following major units are included in the
10-watt Model ET-3652 equipment: 1 transmitter, including 3 ux-210 radiotrons; 1 control
unit; 1 terminal box; 1 receiver; 1 filter unit; 1 antenna with wire (300 ft.); 2 antenna weights; 1
fairlead (an insulating tube in which the antenna
lead is carried out through the fuselage of the
plane); 1 aircraft anti-noise microphone; 1 winddriven double-current generator; 1 Deslauriers
air propeller; 1 antenna ammeter; 1 flame-proof
key; 1 helmet and phones, cord and plug; 1 set
inter-connecting cable.
The rating of these airplane transmitters is
based on power in the antenna, so that the
Model ET-3652 will deliver 10 watts of r. f.
power to an antenna of the trailing type, 80-130
feet long. The frequency range available is 22502750 kilocycles (133-109 meters). Three ux-210
tubes are used, one as a master oscillator, one as

The receiver for this set covers a 3750-2200
system.
kilocycle (79.95-136.3 meter) range. It is
slightly heavier than the receiver provided with
the 10-watt outfit. The antenna wire, carried
on an insulated reel, is copper-clad steel. Ten
antenna weights are provided. In the case of
this transmitter and receiver the wind-driven
generator supplies voltages of 1000 for the plates
and 10 for the filaments. The io-volt winding
also feeds an inter-communicating telephone
system between the pilot and operator. The
maximum total output of the generator is 800
watts. Normally it provides 450 milliamperes
at 1000 volts for the plates and 9 amperes at 1 1
volts for the filaments and excitation circuits.
The housing is of stream-line design. As long as
the plane is in the air the generator maintains a
speed of 4000 r.p.m., regardless of wind speed or
load, the regulation being automatic through
a centrifugal governor which changes the pitch
of the propeller blade to compensate changes in
The 300-watt (ET-3654) outfit utilizes 1
speed.
uv-21 1 tube as a master oscillator, 3 uv-21 i's
as power amplifiers, 1 uv-211 as a speech amplifier, and 3 uv-21 i's as modulators. Presumably
the object of employing such a large tube as a
211 as a microphone amplifier was to confine the
set to one kind of transmitting tube. The master
oscillator is a modified Colpitts circuit, with its
tank circuit exciting the power amplifier, which
in turn feeds the antenna through a coupling
transformer. Part of the d.c. voltage across the
power amplifier grid leak is used to bias the
speech amplifier and modulators.
One novel design feature of this set is the
inclusion, in the microphone transformer, of a
side-tone winding which is connected across the
headphones of the operator and pilot and across
the receiver output. The headphones are thus
used for interphone communication, monitoring
radio telephone transmission from the plane,
and for reception of incoming signals, whether
telegraph or telephone. Operation is possible
from either the pilot's or radio operator's seats in
the plane, a magnetically controlled send-receive relay being provided. The general features
of the 300-watt equipment do not differ, except
in size, from those of the 100-watt model.
In all airplane installations adequate electrostatic shielding of the aircraft engine is essential
if any kind of reception is to be expected. Another precaution which cannot safely be neglected isthe bonding of all metal parts of the
plane by means of electrical conductors, to eliminate the danger of sparking between surfaces.
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Radio Broadcast's Service Data Sheets on Manufactured Receivers
The
RADIO receivers designed for a.c. operation fall
into three general classes, i.e., those using a.c.
tubes, those using standard battery type tubes with
the filaments connected in series, and those using
standard type tubes with the filaments connected
in parallel
and energized
This
latter type
of receiver from
may anbe A-power
operated unit.
from
batteries when one desires or may be made completely light-socket operated by the use of A- and
B-power
units. Such
receiver is ofthewhich
Fada is480-B,
a circuit diagram
and aphotograph
given
in this data sheet.
The Fada 480-B receiver is a dual control set, the
right-hand drum dial (in the diagram) tuning the
antenna stage and the left hand drum dial controlling all the other tuning condensers in the set.
Small trimming condensers are placed across each
main tuning condenser so that the
several tuned circuits may be
accurately aligned. The tuning
condensers are substantially made
with heavy plates and large bearings so that they will operate
smoothly and hold their calibration over a very long period of
time. The receiver may be operated from either a loop or an antenna, either indoor or outdoor.
This eight-tube receiver consists of four stages of tuned radiofrequency
detector andamplification,
either two or athree
stages of transformer-coupled
low-frequency
amplification,
depending upon the
position of the
toggle switch indicated at the top
of the diagram. All of the r.f.
stages are shielded, the plate
leads are all bypassed- with 0.5
mfd. condensers and each stage
is neutralized by means of centertapped primaries on the r.f. transformers^— a type of neutralization
familiar to many as the so-called
"Roberts"
method. inAnther.f.positive
choke filament lead of
coil, Li, is placed
each of the r.f. tubes to keep any a.c. currents out
of the plate supply, where it might produce common
coupling and cause oscillations.
A separate shielded compartment contains the

Fada

August,

1928.

480-B

A VIEW OF THE CABINET

THE SHIELDING ARRANGEMENT
audio-frequency
This compartment
the right in the amplifier.
circuit diagram
and contains istheat
sockets, three audio transformers, the output choke,
output condenser, and bypass condensers. By
means of the toggle switch on the panel either two

or three audio stages may be used; with the switch
thrown to the No. 8 position all three stages are
used, while in the No. 7 position only two stages
are used. Tubes of the 201A type are used in the
audio amplifier as well as in the detector and r.f.
tube sockets. A power tube of the 171A type is
recommended for use in the output of the amplifier.
The
power combination
circuit contains
in its the
output
chokecondenser
to protect
loud a speaker
from the d.c. plate current. The choke is marked
L2 in the diagram and the output condenser Ci.
The condenser has a capacity of 1.0 mfd.
An A-B-C power unit is made by the same
company to be used with their receiver; The B and
C unit uses a type 280 full-wave rectifier to supply
the necessary plate and grid bias voltages to the
set. The A-power unit consists of a rectifier-filter
system designed to supply approximately sixvolts and currents
up
2\ amperes.
This supply
usedto for
the operation
of theis
filaments of the tubes in the rethe output
is sufficientlyceivers
well andfiltered
to give
quiet
operation. The alternating line
current is converted to pulsating
direct current by means of a dry
type rectifier manufactured by
the Elkon Works, which is supplied with the correct amount of
voltage
from
the secondary pulsatwindingingof thecurrent
transformer.
is then The
filtered by
means of high-capacity dry A
type condensers
properly
designed choke coils.andThere
are two
adjustments
provided;
one
is
various line voltages between for
90
and 130 volts, and the other is
used to adjust the output of the
device for the operation of six,
seven, or eight tube receivers.
These 6-volt A-power units are
furnished in two types: one for the
operation of six-and seven-tube
receivers and another for the operation of six-,
seven-, or eight-tube receivers. Both of these types
are supplied in two models: one for operation on
either 50- or 60-cycle alternating current and one
for operation on from 25 to 50 cycles.
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Radio Broadcast's Service Data Sheets on Manufactured Receivers
The

Federal

THIS set signedis fora a.c.
good operation
example ofusing
a receiver
destandard
201A type tubes in a series filament arrangement
and supplied with filament current from a rectifier
filter system
employing a Raytheon type BA highcurrent
rectifier.
The seven tubes in the receiver are arranged as
follows: four of them are used as radio-frequency
amplifiers, one is used as the detector and the
other two are used asj audio amplifiers. A 171 A
type tube is used as the power tube. The order of
tubes in the series filament arrangement is: First
r.f., second
tector, and r.f.,
secondthirda.f.r.f., fourth r.f., first a.f., deInfierancareful
efficient
radio-frequency
designfour-stage
is essential
if the receiverampliis to
be stable over the entire broadcast band. To promote stability in this receiver all the r.f. stages
are
coils completely
are placed inshielded,
each leg ofradio-frequency
the filament ofchoke
each
of the tubes used in the r.f. amplifier, each plate
supply lead to the r.f. tubes is filtered by the
use of resistances, and bypass condensers, and
finally each stage is carefully neutralized, the
small inductance coils, L, in the filament circuits
forming part of the neutralizing system. The five
variable tuning condensers are ganged to a single
drum dial control, a small vernier condenser being
used
tem. to obtain fine adjustment of the tuning sysThe audio amplifier is of standard design. It is
interesting
to note 70thatvolts
the applied
first audio-frequency
tube
has about
to its plate
and that a 5-volt negative bias for the grid is
obtained by connecting the grid return from the
transformer to the detector tube filament, so that
the
5-volt dropon inthethegrid
filament
this audio
latter tube.
tube
is impressed
of theoffirst
Bias for the second audio tube is obtained from
the voltage drop across resistance Rs, in the
powerers areunit.
The coresto ofprevent
the twoanyaudiopossibility
transform-of
grounded
audio-frequency oscillations due to extraneous
coupling between the two transformers. Bypass
condensers are also connected at various points in
the audio amplifier to prevent common coupling in
the power supply. The detector and audio amplifier apparatus is housed in a single compartment, entirely separate from the radio-frequency
amplifier.

Ortho-sonic

Seven-Tube

THE RECEIVER IN ITS CONSOLE
Only ceiver
twofrom values
of plate
are supplied
to the The
rethe power
unit,voltage
180 volts
and 70 volts.
latter is reduced to 45 volts for the operation of the detector by means
of a 160,000-ohm
resistance
series with
the detector
plate circuit.
Volumeconnected
control inis
accomplished
by
varying
the
potentiometer,
P,
which
trols the amount of voltage applied to the plates of conthe
r.f. tubes.
A grid leak condenser type of detector is used. The
grid leak has a value of one megohm and the grid con-

Receiver
denser has a value of 0.0002 mfd. Because the
input tcapacity
a tube
as aas deector issomewhatof less
than when
when used
it is used
an
amplifier, it is necessary to connect a small midget
condenser, across the detector input so that
the last tuning condenser will gang properly with
the other tuning condensers. The output of the
detector contains a fixed resistance in series with
the plate circuit to keep the r.f. currents out of the
audio amplifier. In addition, a bypass condenser is
connected between the plate of the detector tube
and the negative side of the detector tube filament.
The loud
is insulated
the power
direct
current
in thespeaker
plate circuit
of the 171fromA type
tube
by
means
of
a
choke-condenser
combination.
The condenser, C2, has a capacity of 4 mfds. The
output choke, Li, is located in the power unit.
The power unit supplies all the A, B, and C
voltages required for the operation of the receiver.
The power transformer, T, is arranged with three
taps on the primary so that the installation may
be adjusted foY low, medium, or high line voltages.
The high-voltage secondary of the transformer
supplies the Raytheon BA rectifier. The output
of the rectifier feeds into the filter system which
consists of the usual two filter choke coils, L2 and
L.3, and three main filter condensers, C3, Gi, and C5.
The output of the filter goes to the resistance
bank from which taps are taken for the A, B, and
C voltages
required
for the operation
of the
receiver. Bypass
condensers
not necessary
across
these resistances,
as all the arenecessary
bypassing
is
placed
in the receiver
itself.
An
additional
5-volt
winding
is
placed
on
the
transformer and is used in this model to supply
current
to the pilot lamp located on the panel of
the receiver.
An adjustable resistance, Ri, is connected in
the primary side of the power transformer so that
small variations in line voltage may be compensated. The equipment is also protected by the
inclusion of two 5-ampere fuses in the primary
circuit.
This receiver is designed for operation on a loop
type antenna. The advantages of loop operation,
i.e., convenience, directional properties, better
signal-to-static
are well known.
model
illustrated in theratio,
photograph
the loopIn the
is located
on one of the doors of the cabinet.

THE CIRCUIT OF THE FEDERAL ORTHO-SONIC RECEIVER

The Listener's Point of View

Is

the

Highbrow
of

Entitled
His

to

a

Program

Own!

By John Wallace
placed end to end they would stretch from
rather lugubrious cross section it was. After its
*Ea result
ARE inofreceipt
of severalin letters,
our remarks
the Mayas New York to San Francisco and then some.
publication we received complaints to the effect
V W Tnumber, condemning us for an alleged
And if they were placed in the order of their that the general mediocrity of the listed turns
'
brow elevation, with Weird Stories and Liberty was due to the fact that the listening was done
desire to see
W radio go highbrow. We are reminded
at the beginning of the stack and the Novum
in Chicago instead of New York. This objection
by the writers that " radio is for the butcher, the
is not valid, for of the seven or so first rate
baker, and the candle stick maker." Further,
Organum
or
Mr.
Einstein's
book
at
the
finish,
it would be found that the lowbrow section
stations in New York, three are available in
they bring to our attention the highly original
would peter out somewhere around Elizabeth,
Chicago by chain. The three or four we might
point that " Radio can't please everybody. The
N. J., while literature and scientific writings,
have missed couldn't have done much to boost
great mass of people can't be neglected. Would
you deprive them of their entertainment . to philosophy, and other weighty tomes would
the average of the forty-one stations examined.
The following list, made from 8:30 to 9:30
stand in solid ranks for many thousands more of
please a dubious minority of highbrows?" All miles.
this because we had set forth an appeal that a
of a summer's eve, is, on account of the late sunset, confined almost exclusively to Chicago
In other words the printing press operators
little brains be applied to the devising of constations. Its general tone would doubtless have
tinuity programs so that they might cease being
haven't really given much of a whoop for the
an insult to the intelligence.
masses over their 472 years of production. So if been slightly elevated had such Eastern stations
now this new contraption, radio, decides to put as wgy and wbal been available but, after all,
In reply to such unmeditated protests we
wonder: if instead of an article on radio we had
in its major effort in behalf of hoi polloi there
we don't all live on the East Coast, so we hereinscribed a lengthy plea that larger areas in can be no great cause for complaint.
with present our last night's list as a reasonably
We trust we have by now made it quite clear
Chicago be devoted to playgrounds, would not
representative cross section of what's on the air:
these same correspondents have written in that we have neither any desire to deprive the
1 . Dance orchestra
candle stick makers of their rightful enjoyment
protesting, " Would you have our great office
2.
Hawaiian guitar
of any old kind of radio program piffle they may
buildings, hotels, and theaters leveled to the
3. Dance orchestra
ground to provide space for a lot of silly pastures
want, nor any slightest suspicion that any words
4. Soprano singing ballad
of ours, or of any one else's, could succeed in
which probably wouldn't be used anyway?"
6. Tenor solo, popular songs
The absurdity of such reasoning lies in its having them deprived of it.
5. Orchestra,
Hymns
But
since
the
printing
press
operator
not
7.
popular
assumption that there isn't room for both. Be8. Mixed quartet, American Indian song
infrequently
takes
off
his
silk
hat
and
his
kid
cause we, and others of the "highbrow" contingent, clamor in print, and otherwise, for more
gloves and runs off an edition of the Police
9. Solo
trombone
highbrow stuff, does not mean that we would
Gazette, it seems to us that it might be in some
10.
Piano
violin, popular music
cycleand
have the air filled with it to the exclusion of all way contrived that the radio lords dish up a
1 1 . United
Synagogue broadcast
else. If we ask for a loaf, persistently and again,
little program for the highbrows without, at the
12. Popular duet
it is not because we expect even half a loaf, but
same time, keeping one eye on the lowbrow and
13. Dance orchestra
both thumbs on his pulse. In short, we think it is
because we hope thereby to gain a few crumbs
14. Baritone solo, semi-classical
high time that some one, somewhere, put on a
of the general broadcast fare.
15. Dance
Dance orchestra
16.
orchestra
program with a little touch of sophistication to
There is not the slightest danger that the
it.
17. Male quartet
masses will ever be neglected by the radio
18. Orchestral program with continuity
Once before we published in this department
entertainment purveyors. They present far too
19. Mixed chorus, light opera
a list of the findings we made by starting in at
large a potential market for cleansing powders,
20. Concert ensemble, popular music
tires, tooth paste, hair tonic, and linoleum for the top of the dial and recording everything that
21.
program with continuity
22. Orchestral
Popular singing
anything like that ever to happen. They will was available from the top to the bottom. We
continue to get the popular stuff they want
offered this list, a record of forty-one stations,
23.
Banjo soloselections
as a cross section of what was on the air, and a
without lifting a finger. But if the high-school24. Operatic
graduated minority wants to keep some little
attention directed toward itself it will have to
We propose neither to praise or berate this
Ve present it simply as a record of the
continue to beg for it, to write to its congressit meets with your approval you can
man, and to stand on its head as means of
to be an endorsement of your opinion
ing notice.
> well with radio. If it meets with your
This is doubtless as it should be. Radio
displeasure you can cite it as proving
rights, belongs to the unlettered. They
the contrary. However, we might be
are entitled to make demands upon it.
allowed to call attention to this: of the
The lofty-domed minority can, with
twenty-four programs encountered on
justice, do no more than make requests
the one hour trip across the dial, twentyof it. The fairness of this arrangement
should be evident in view of this fact:
one were popular in make-up. The only
exceptions were numbers eight,
radio is the only agent of dissemination
nineteen, and twenty-four. Two
that has made its appearance since
of these were "light" and only
printing was introduced several cenone could by any stretch of the imturies ago. Through all those centuries
agination be labeled highbrow. That,
printing has been the rightful possession of the lettered. You may point to
the
last
named,
happened
to be wjz's
excellent organization,
the Continentals.
the vast stacks of popular periodicals
Thus
it
seems
apparent
that radio
that ornament the news stands as evidence to .the contrary, but that demon,
programs are directed, by an overStatistics, will show this to be but a
whelming majority, at the lowbrow.
This does not mean that the highbrow
drop in the bucket. If all the books and
HE SUPERVISES WBAL S ORCHESTRA
may not also enjoy some of them, but
pamphlets and periodicals that have
Michael IVeiner brought a love 223
for music when he immigrated to it
does mean, just exactly as it says,
been printed since Mr. Gutenberg in- this country jrom Russia as a boy. Now he supervises the orchestral
that precious few programs are leveled
vented movable type back in 1456 were
programs for which wbal is famous
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ONCE A WEEK AT WOC
The Voss Vagabonds, orchestra and mixed quartet, is one of the
most popular features broadcast from the Davenport, Iowa, station
at the highbrow. He is simply tolerated, and
privileged only to gather what crumbs he may
from his numerous brothers' table.
There is probably some very good reason
which we have stupidly overlooked — but why,
oh
why, doesn't
some program
sponsor
get up a
program
that is aimed
directly at
the individual
of mildly sophisticated taste? Evidently a manufacturer ofpaper picnic plates or overall buttons
wouldn't want to sponsor such a program, but
there must be somewhere in this country a
manufacturer whose product coincides with the
needs of a medium-highbrow audience.
To arrange a sophisticated program would not
be difficult, hardly a bit more difficult than
arranging a banal one. It would require only two
things, first, that an individual of some sophistication get up the program and, second, that he
be allowed to "let himself go."
The sponsor of a such-like program would
have heavy sledding at first, for the reason that
he hasn't a potential audience at the present
time. Individuals who make some cerebral demands on their entertainment do not listen to the
radio. This is not, as is popularly supposed, because of some silly prejudice against radio itself,
but simply because their various attempts at
listening have convinced them that radio programs are not, at present at least, intended for
the likes of them.
We do argue, though, that such an audience
could be worked up. If a genuinely witty and
sophisticated program made its debut, its appearance would excite all the attention that any
rarity does. Mr. Tallbrow would remark to Mr.
Highdome on the morning train, " I almost died
laughing at the Rolls Royce Hour last night."
And Mr. Highdome, knowing Mr. Tallbrow's
swell taste, would immediately rush out and buy
himself a receiving set.
That no such program now exists is apparent
to anyone who has tried looking for it. There
are highbrow musical programs, and excellent
ones, but they are always tempered with popular
selections to widen their appeal. That is all right,
too. But there ought to be at least one program
that would make no concession to popular taste

and which would make it snootily apparent that
itstreet.
didn't give a tinker's dam for the man in the

Pat Barnes
Chicago's Gift to the Radio World
is just the right sort of a heading to put on a brief
paragraph about said person, its wording being
quite in character with Mr. Barnes' style of
presentation. But, quite seriously, Mr. Barnes is
probably the most individual thing Chicago has
to offer. If you have never sought out one of his
programs through WHTyou should without delay.
Mr. Barnes is an announcer-impresarioartist of the " heart-to-heart " type — the type
which was so prevalent in the first years of
radio, and which has now largely disappeared.
Comparisons are odious, and so forth, but we
cannot refrain from comparing him to Roxy.
Barnes' delivery is of the same general style as
Roxy's — personality-plus stuff. But where Roxy
generally gives this particular listener somewhat
of a pain, Pat Barnes pleases him enormously.
This, we grant, is simply a matter of personal
reaction, for Pat Barnes seems to us convincing,
whereas we always have a feeling that Mr.
Rothafel is simply acting a role. Of course,
analytically, we realize that Barnes is acting,
too. No one with the intelligence he displays in
concocting his programs could be as witlessly
maudlin as he makes himself sound — but he does
it so infernally well. After all, no matter how unmomentous a thing a man picks out to do, if he
does it surpassingly well it is worth attending to.
The bit of Mr. Barnes' program which we
heard to-night included the reading of a perfectly banal poem with a moral. But the reading
of it, the enunciation, the phrasing, the nuances
of expression were simply perfect, and infinitely
better in toto than a selection from Shakespeare
poorly delivered. Then he sang "Chloe" — he has a
good voice — and interpolated a recitative passage of heart-rending cries of anguish for " Chloe,
where art thou?" which was the veriest melodrama and consisted in tearing passion to tatters.

But who cares? It was convincing anguish and
genuine passion. And then the elegant little choke
in his voice when he bids his audience "Good
night" . . . but try him out yourself some time.
Identification Marks of European
Stations

to be a r,
radiobecause
reviewermorein
be a pleasante
MUSTexistence
ITvaried,
England. If things on the Island get too dull
he has but to fish around for Continental stations
and get a nice assortment of languages and varying ideas about broadcast fare. This from the
reviewing department of Jay Coote in WorldRadio:
During my nightly trips around the ether I
have particularly noticed that many Continental stations have either made some alterations in their interval signals, or adopted new
methods to identify themselves to distant
listeners. The adoption by numerous studios of
the ubiquitous metronome, to say the least of it,
was becoming monotonous. Rome, instead of
using two bells, has now added a further one,
and between items you may now hear the notes
A, C, F in pure crystal tones. By this means a
very pleasant series of sounds is obtained.
Munich appears to have dropped its Morse call,
and in its stead opens its transmissions with a
long-drawn-out deep note resembling that of an
organ, although I feel sure it is produced by some
electrical gadget. Again, ptt, Paris, which for
a short time had adopted the call of the cuckoo
to its young, at the request of its admirers, has
withdrawn the signal and is, I understand, seeking some other noise more befitting its broadcasts. Radio Toulouse still possesses its alarm
clock; it can be nothing else, and its spasmodic
tock-tock preceding each item is at times peculiarly
irritating. To the credit of its announcer, however, itmust be said that the call Radio Toulouse,
clearly enunciated, is never omitted between
items in the programme. It is particularly galling
to hang on for some minutes in the hope of
identifying a station, and to find oneself rewarded by Alio I Alio I followed by an almost
incomprehensible mumble accompanied by
spark or atmospherics. Why do so many announcers persist in dropping their voice at the
moment the name of the city is broadcast?

THE A. C. MODEL OF THE NATIONAL SCREEN-GRID FIVE

Operating

the

National

Screen-Grid

Five

By J amies Millen

the National Screen-Grid Five
WHEN
was designed, it was with the idea of
making available to the radio public
a receiver that could be easily constructed by
the average fan; that would involve no difficult
mechanical work in its construction; that would
prove sufficiently selective to bring in a few distant stations while the locals were still on early
in the evening; that would be easy to tune; and
that would not require the use of a conventional
antenna.
That these results and even more have been
successfully achieved is well proved by the many
enthusiastic letters received from readers who
have actually built the receiver. One New York
City resident wrote that he received kfi, Los
Angeles, the first night he tried the set, while
letters and phone calls were also received from
a number of New England fans who were consistently obtaining far better dx reception than
the designer had even hoped possible.
As was pointed out in the previous article, the
set itself is an improvement on the original National Browning-Drake Circuit, in that the r.f.
transformer has been redesigned to use the
new ux-222 screen-grid tube; and the layout
and design of parts have been altered to provide
for single control tuning and simplicity of wiring.
From the contents of a number of the letters
received, it would seem that there are a few
questions of rather common interest regarding
accessories, operation, and variations in design
of the Screen-Grid Five.
THE CORRECT RESISTORS
OERHAPS one of the most important ques1 tions that have come up is in regard to the
values of filament equalizers or ballasts specified
and indicated in the circuit diagrams. The values
given were in ohms, which is the system being
used by most filament resistor manufacturers at
present. The *-ohm resistor is one which when
used with five j-ampere tubes, will drop the 6volt filament supply down to the 5 volts required. While only four ;-ampere tubes are used

JN THE May issue of Radio Broadcast Mr.
M Men described the construction of a Five Tube
Screen-Grid Receiver. Since this article appeared
Mr. Millen has received many letters from builders
of the set many of whom desired further information on how to operate it. The operating suggestions and trouble finding hints which are given
in this article should therefore prove interesting to
those of Radio
constructed
this set.Broadcast's readers who have
The description in the May issue described the
d. c. operated model. The availability of a.c.
screen-grid tubes has now made it possible to operate
this receiver from the light socket, and the circuit
diagram and photograph of the a.c. model are to
— The Editor
be found in this article.

in the set, the current drawn by the 222 plus
that drawn by the dial light is equivalent to an
additional J ampere. The 15-ohm equalizer is
used to decrease the five volts available across
the filaments of the large tubes down to the 3.3
volts required for use across the 222 tube filament.
In a few cases where trouble has been reported
due to the receiver lacking sensitivity, it was
found that the difficulty was caused by the use
of a 22-ohm filament resistor rather than a 15ohm unit. The 22-ohm filament ballasts are made
for use in cases where the ux-222 is operated
directly from six volts and not from five volts,
as in the case of this receiver.
In other words, the number 22 designation
should not be misconstrued to mean that this
resistor is the proper one for use with the ux-222
tube under all conditions.
When a type 22 filament ballast is used with
the National Screen Grid Five, the filament volt225 and the receiver is
age on the 222 is too low
insensitive. Another cause of lack of sensitivity,
which at the same time also results in lack of
selectivity,
is the failure to "line up" the two
tuned
circuits.

Perhaps, in order for the operator to become
fully impressed with the importance of this adjustment, itwould be well to loosen the condenser rotors from their shafts and tune in several local and semi-local stations by separately
adjusting each condenser. Then try detuning one
of the two condensers and note the difference
in results. It might also be well at this same
time to study the operation of the antenna variometer or trimmer. With the antenna variometer rotor in mid position detune the larger
variable condenser and then retune by means
of the trimmer.
Before fastening the condensers to the dial
shaft again, tune in a local station with a wavelength somewhere around 360 meters. The antenna trimmer should be in mid-position.
what tubes to use
\ A / HILE the use of a good 200-A detector
* * tube (when the grid leak return has been
shifted from the positive to the negative side
of the filament circuit) results in increased
sensitivity, the lack of stability and the noisy
operation encountered offsets these advantages.
Where a sensitive detector tube is desired for
dx reception, it is recommended that a highmu tube such as the ux-240 be employed.
While not generally considered as satisfactory
as the ii2a for all-around use, the 240 will be
found of worth-while aid on out-of-town reception. Due to the difference in inter-electrode
capacity of the 1 12A, 200A, and 240, it is necessary to readjust the trimmer and the tuning
condensers when changing from one detector
tube to another. In some instances, it may even
be found necessary to reset the position of one
of the variable condenser rotors, as previously
described.
There seems to be a trend upon the part of
many set builders at present to use smaller
values of grid condensers with correspondingly
higher values of grid leaks. While the use of
a 0.0001-mfd. grid condenser with a 4- or 5megohm leak will generally result in slightly
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better signal strength of dx stations, it has been
found that the more conventional 0.0002 5-mfd.
condenser with a 2-megohm leak results in more
smooth and uniform regeneration over the entire broadcast band. When the 0.0001-mfd.
condenser is used the set will not oscillate at the
very upper end of the wavelength range.
The polarity of the primary connections to the
r.f. transformer also has a noticeable effect at
times on the smoothness of the regeneration.
While generally best results are obtained with the
plate lead of the 222 tube connected to the primary terminal nearest the front panel, such is not
always the case. In some instances it makes no
apparent difference which way these leads are
connected, while in other instances the reversed
connection gives best results.
NOTES ON THE AUDIO SYSTEM

ceiver. Insuch event, the new a.c. type 222 tube,
such as the CeCo, should be used in the r.f.
stage. Alternating current has been used by
some experiments directly on the filament of a
standard d.c. type of 222 tube, but the results
have never been any too satisfactory, due to the
resulting 60-cycle modulation of the signal. The
new a.c. 222 tube, however, completely overcomes such trouble, as it is of the heater type,
similar to the UY-227.
The UY-227 works very well as the detector in
conjunction with the a.c. 222 in the r.f. stage.
In thebefirst
audioSomestages,
227's or the
may
used.
tube either
manufacturers
are 226's
now

THE audio system used in the original receiver, while capable of very satisfactory
results, is not the only type that may be employed. Many inquiries have been received
from readers who favored transformer or resistance coupling and wanted to know if one of the
other forms of amplification could be employed
with quite satisfactory results. The answer is
decidedly
"Yes."
pair National,
of high-grade
audio
transformers,
such Ifasa the
Amertran,
Ferranti, etc., are employed, just as fine results
are obtained with the use of one less tube. In
the advent of such a change, the f-ohm filament
equalizer specified for the 5-tube set should
be replaced by a i-ohm resistor.
It has been found that with some of the sets
made up by different constructors, it was necessary to ground the case of the tone filter to the
A -minus lead. This same condition was also encountered in one transformer-coupled set, in
which grounding the cases of both audio transformers, aswell as that of the tone filter, proved
worth while.
SOCKET POWER OPERATION

FREE BLUEPRINTS
The interest in the d. c. model of the
Rational Screen-Grid Five has been
so great that blueprints of this receiver
will be sent to all who write for them.
Address requeststo Mr. James Millen,
care of RADIO BROADCAST

\ A/HILE designed for use with a 6- volt stor' v age A battery and a good 180 volt B-power
unit, a.c. tubes may be used, if desired, for complete a.c. operation of the Screen-Grid Five re-

making high-mu a.c. tubes of the 226 type, one

of which will be quite worth while for use in the
second stage. In the output stage the regular
1 71 a with 5 volts a.c. on the filament is used.
The layout of the a.c. set is essentially the
same as that of the d.c. model except for a few
minor substitutions among some of the smaller
parts. For the radio-frequency and the detector
tubes, 5-prong sockets should be used in place
of the 4-prong type. The two filament ballasts
of the d.c. set are omitted. The two grid bias
resistors, the power tube grid filter resistor and
associated condenser, the two center-tapped
resistors, the small potentiometer, the bypass
condenser and the small i|-voIt biasing cell for
the 222 tube are the special parts required for
the a.c. receiver. The parts and connections are
indicated in Fig. 1.
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Flexible No. 18 rubber covered wire should be
used for making all the filament connections,
which should be run in twisted pairs. The dial
light is connected directly across the2.25-volta.c.
supply. The leads to the dial light should be
twisted together. While a center-tapped resistor
may, if desired, be used across the 15-volt filament line, it will be found in most cases that the
use of a potentiometer, or other form of adjustable resistor for this work, will result in less
a.c. hum from the finished receiver.
The average value of the resistor used for obtaining the grid biasing voltage for the first
two audio stages is about 1000 ohms, but it may
be found with some sets that a slightly higher
value will give better results. Varying the plate
voltage
of the
first a.f. stage is also something
well worth
trying.
The power unit for the operation of such a
receiver may comprise either a standard highgrade 180-volt B unit and separate filament
heating transformer, or else one of the special
combination A-B units, such as the National
No. 7180 A-B unit, in which the filament windings are part of the B-supply transformer. This
later arrangement makes a compact and easily
connected power supply.
A list of the additional parts necessary for a.c.
operation is given on this page. Other makes of
parts may be substituted if the set builder desires.
LIST OF ADDITIONAL PARTS FOR A.C. OPERATION
2 General Radio 5-prong sockets
21 25-ohm
resistors
2000-ohmcenter-tapped
resistor
1 1000-ohm resistor
1 .i-megohm resistor
3 single mountings
midget condensers
20-ohm potentiometer.
21 Carter
Tobe i-mfd.
1 i| volt C Battery
1 CeCo a.c. 222 tube
1 CeCo N 27 tube
1 CeCo M 26 standard tube
1 CeCo AC Hi-Mu tube
1 Ceco J 71 a tube
The accessories for a.c. operation are a
standard 180-volt B-power unit, and a filament heating transformer.

New

Apparatus
X 50
Coils for Short-Wave Work

~T) RODUCTS of radio manufacturers
-L whether new or old are always interesting to our readers. These pages, a
feature of Radio Broadcast, explain and
illustrate products which have been selected
for publication because of their special
interest to our readers. This information is
prepared by the Technical Sta ff and is in a
form which we believe will be most useful. W e
have, wherever possible, suggested special
uses for the device mentioned. It is of course not
possible to include all the information about each
device which is available. Each description bears
a serial number and if you desire additional
information direct from the manufacturer concerned,
please address a letter to the Service Department,
Radio Broadcast, Garden City, New York, refer ing to the serial numbers of the devices which
interest you and we shall see that your request is
promptly handled. — The Editor.

A 1 2-Condudor Cable for A. C. Sets
X47
Device: Yaxley Cable Type 612. A 12-conductor cable designed for use with a.c. receivers.
The twelve conductors are arranged as follows:
liV

No. i— Red
No. 2 — Black
2§V No. 3 — Red, with Green Tracer
No. 4 — Black, with Green Tracer
5V No. 5— Red, with Yellow Tracer
No. 6— Black, with Yellow Tracer
B— No. 7— Yellow
B+ Detector, No. 8— Blue
B-f- Intermediate, No. 9 — Slate
B+ Amplifier, No. 10 — Green
B+ Power, No. 1 1 — Brown
Spare, No. 12 — White
The plug terminals on the mounting plate are
plainly numbered in white. The individual conductors in the cable are colored as is indicated
above. In addition, each conductor is also numbered, 1,2, or 3, etc., to correspond to the numbers of the plug terminals on the mounting plate.
In this way it is a simple matter to make the
proper connections. Manufacturer: Yaxley Manufacturing Company. Price: $5.00.
Application: This cable may be used in cases
where the transformer supplying the filaments of
the a.c. tubes is not located in the set, but with
the B-power unit. In such a case it is, of course,
necessary to use connecting wires between the
set and the filament transformer as well as to
provide leads for the B voltages. This requires a
12-conductor cable such as we have described.

YAXLEY CABLE

STERLING TUBE CHECKER
X 48Resistors for B Supply
Device: Vitrohm Resistor Kit for use in Bpower units. A set of eight separate resistors as
follows: 1 750-ohm, 3 1500-ohm, 1 3000-ohm,
1 3500-ohm, 2 5000-ohm. Each resistor measures
about 2 inches long. Manufacturer: Ward Leonard Electric Company. Price: $8.90.
Application: The resistors are of such a size and
rating that they may be satisfactorily used as
voltage-dividing resistors in B-power units delivering voltages up to 500 volts. The two circuits,
Fig. 1, A and B, show how the resistors can be
used in two B-power circuits, one delivering up to
135 volts and the other supplying 400 volts. The
135-volt circuit makes use of only four of the
resistors. If the experimenter so desires he can
make use of all eight units and obtain some additional B-voltage taps at intermediate voltages
between 135 volts and 22 volts. As mentioned
above these resistors are of such values that they
can be applied to any ordinary B supply.
■ From Filter System -

Device: Short-Wave Coils. A set of three
coils to cover the band of wavelengths
from 13 to 130 meters. Additional coils
can be obtained to cover wavelengths up
to 550 meters. The coils, illustrated in
the photograph, are of the plug-in type,
different ranges being covered by changing
the secondary-tickler coil. The same primary isused for all wavelengths. The coils are
wound with a large size of wire so as to give them
considerable mechanical strength. The coil diameter is2 inches. Manufacturer: Aero Products,
Inc. Price: $12.50 for a set of three coils covering
the band from 13 to 130 meters. Two additional
coils, sold separately, may be used to reach up to
the broadcast band. These coils are $4.00 each.

AERO SHORT-WAVE COILS
Application: The coils may be used in the construction ofa short-wave receiver to receive code
and short-wave broadcasting. The plug-in base
and primary coil mounting are of the same
dimensions as were used for previous types of
Aero coils, so that either new or old coils may
be used interchangeably in the same mounting.
A Way
X51 to Remedy R. F. Oscillation

^/WW lAWA^-^W^WV^AMAA,
750 ohms 1500 ohms 1500 ohms 3500 ohms 11,500 ohms
Usel-1500
e* ohm
Usel-1500
J+ ohm
Usel-3500
728
ohmUsel-750
resistor Ii ohm
resistor 22
resistor 42
resistor 80i+ Usel-1500
and 2-5000 +t
torsohmresis-400
in series
- From Filter (A)System -

v"\AWVW\A-A^AAA/VW3500 ohms -AA/WWWV
3,000 ohms
1500 ohms -VWWWv^1500 ohms
Usel-3500
Use 1resistor
-3000
Usel-1500
ohm
resistor
ohm
Usel-1500
ohm
resistor
ohm resistor
90
135
FIG. X49I. B-SUPPLY<B> RESISTOR BANKS
A Handy Tube Tester
Device: Tube Checker. An easily operated, low
priced, rugged instrument with which to check
all types of tubes for short circuits between the
elements, and to check the emission of a.c. tubes
and 199 and 120 type tubes. To operate the unit
the plug is connected to a 1 10- volt light socket
and the tube to be tested is plugged into the tube
socket on the tester. The meter immediately
indicates any defect in the tube. Manufacturer:
Sterling Manufacturing Company. Price: $13.50.
Application: This instrument is a convenient
method for the radio dealer227or service man to use
when selling tubes to a customer, for it can be
used to show that the tube being sold is in good
condition. It will also be valuable in the repair
department or in the hands of the service man.

Device: Phasatrol. A device designed for use in
radio-frequency circuits to control oscillation.
The unit is connected in the plate circuit of an
r.f. amplifier tube and the adjusting screw is
then turned until the circuit is stable over the
entire
broadcast
Inc. Price:
$2.75. band. Manufacturer: Electrad,
Application: The item to which we have here
brought the reader's attention is not new, but
some information regarding its use should be of
interest to readers not acquainted with the
device and to those not realizing that it may be
applied to a wide variety of circuits. The performance of the unit depends, to some extent,
upon the fact that if the plate load on a tube is
made non-reactive (ordinarily its reactance is
inductive) the tube cannot oscillate. Although
the
device
givesimply
an exact
"bridge"
balance,
it isdoes
muchnotmore
adjusted
than
a bridge system, and can be readily applied to
existing receivers. The device can be used to
stabilize the intermediate-frequency amplifier
of a super-heterodyne. It can also be used in such
receivers as the Equamatic, the Bremer-Tully
Counterphase, Roberts receivers, all tuned r.f.
sets, etc., and its application to such circuits is
fully covered in the
circular supplied
with it. Readers
owning ceivers,
such
reor similar
ones, which cannot
be prevented from
oscillating, can use
aculty.
Phasatrol to overcorn e the diffi-

THE PHASATROL

Manufacturers*
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A Varied List of Books Pertaining to Radio and Allied
Subjects Obtainable Free With the Accompanying Coupon
l?E.4DERS may obtain any of the booklets listed below by useing the coupon printed on this page. Order by number only.
1. Filament Control — Problems of filament supply,
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Company. '
2.ties ofHard
and proper-on
hard Rubber
rubber asPanels
used in— Characteristics
radio, with suggestions
how to "work" it. B. F. Goodrich Rubber Company.
5. Carborundum in Radio — A book giving pertinent
data aonsection
the crystal
used for detection,
withof hook-ups,
and
giving asinformation
on the use
resistors.
The Carborundum Company.
9.
Volume
Control
—
A
leaflet
showing
circuits
distortionless control of volume. Central Radio Labora-for
tories.
10. Variable
Resistance — As used in various circuits.
Central
Radio Laboratories.
12. Distortion and What Causes It— Hook-ups of
resistance-coupled
Bradley Company.amplifiers with standard circuits. Allen15. tionsB-Eliminator
Power using
Amplifier
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Raytheon
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General Radio Company.
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and Power
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General
Radio Company.
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used. Samson
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to keep Electric
out radio-frequency
currents from
points. Samson
Company.
48.
Transformer
and
Impedance
Data
giving
the mechanical and electrical characteristics —of Tables
transformers
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use in the circuit. Samson Electric Company.
49. Bypass Condensers — A description of the manuCompany.facture of bypass and filter condensers. Leslie F. Muter
50. Audio
Fifty questionsandwhich
often
asked
regardingManual
audio— amplification,
their areanswers.
Amertran Sales Company, Incorporated.
52. Audio
Qualityof— various
A bookletkindsdealing
with application
audio-frequency amplification
and the
to well-known circuits. Silver-Marshall, Incorporated.
56. Variable Condensers — A bulletin giving an
analysis ofteristics.
various
condensers
together with their characGeneral Radio
Company.
57. Filter Data — Facts about the filtering of direct
current
supplied byElectric
means ofSpecialty
motor-generator
with transmitters.
Company.outfits used
70.
Improving
the
Audio
Amplifier
Data diagram
on the
characteristics of audio transformers, with a—circuit
showing
where
chokes,
resistors,
and
condensers
can
be
used.
American Transformer Company.
72. Plate Supply System — A wiring diagram and layout plan for a plate supply system to be used with a power
amplifier.
tran SalesComplete
Company.directions for wiring are given. Amer81. Better Tuning — A booklet giving much general information on the subject of radio reception with specific illustrations. PrimarilyManufacturing
for the non-technical
home constructor. Bremer-Tully
Company.
83.
Socket
Power
Device
—
A
list
of
parts,
and templates for the construction and assembly diagrams,
of socket
power
pany. devices. J efferson Electric Manufacturing Com84. Five-Tube Equamatic — Panel layout, circuit diagrams, and instructions for building a five-tube receiver, together with data on the operation of tuned radio-frequency
transformers of special design. Karas Electric Company.
85. Filter
on a high-capacity
condenser used in— Data
filter circuits
in connectionelectrolytic
with A socket
power
supply
units,
are
given
in
a
pamphlet.
The
A
box
Company.
86. Short-Wave Receiver — A booklet containing data
onpurposes.
a short-wave
receiver D.as Cardwell
constructed Manufacturing
for experimental
The Allen
Corporation.
88.ing fullSuper-Heterodyne
— Aandbooklet
givinstructions, together Construction
with a blue print
necessary
data,
for
building
an
eight-tube
receiver.
The
George
W.
Walker Company.
89. Short-Wave Transmitter — Data and blue prints
are given on the construction of a short-wave transmitter,
together with operating instructions, methods of keying, and
other pertinent data. Radio Engineering Laboratories.
90. Impedance Amplification — The theory and practice
ofgiven.
a special
of dual-impedance
audio amplification are
AldentypeManufacturing
Company.
93. B-Socket Power — A booklet giving constructional
details
of a socket-power
device usingIncorporated.
either the BH or 313
type rectifier.
National Company,
101.
Using
Chokes—
A
folder
with
the more popular circuits showing wherecircuit
chokediagrams
coils mayof
be
placed
to
produce
better
results.
Samson
Electric
Company.
22. A Primer of Electricity — Fundamentals of
electricity with special reference to the application of dry

cells to radio and other uses. Constructional data on buzzers,
automatic
switches, alarms, etc. National Carbon Company.
23. Automatic Relay Connections — A data sheet
showingcuits.howYaxleya Manufacturing
relay may be usedCompany.
to control A and B cir26. Dry Cells for Transmitters — Actual tests
given, well illustrated with curves showing exactly what
may
be expected of this type of B power. Burgess Battery
Company.
28.
B Battery Life — Battery life curves with general
curves
pany. on tube characteristics. Burgess Battery Com30. Tube
— A data Company.
sheet giving constants of tubes.Characteristics
C. E. Manufacturing
32. Meters for Radio — A catalogue of meters used in
radio, with diagrams. Burton-Rogers Company.
33. Switchboard
and PortableandMeters
A booklet
giving
dimensions, specifications,
shunts— used
with
various meters. Burton-Rogers Compant.
36. Charging A and B Batteries — Various ways of
connecting
batteries Company.
for charging purposes. Westinghouse Unionup Battery
37.viceWhy
Radio
Is
Better
Power — Ad-to
on what dry cell battery with
to use;Battery
their application
radio, with wiring diagrams. National Carbon Company.
53. Tube
Information
care beof
vacuum
tubes, Reactivator
with notes on— how
and when ontheytheshould
reactivated. The Sterling Manufacturing Company.
69.tics Vacuum
Tubestube— Atypes
booklet
characteris-of
of the various
with giving
a shortthedescription
where tionthey
may
be
used
in
the
circuit.
Radio
Corporaof America.
87. Tube Tester — A complete description of how to
build
and how to operate a tube tester. Burton-Rogers
Company.
92.
A. C. Operated
—A
booklet Resistors
giving circuitforsuggestions
for building Receivers
a. c. operated
receivers, together with a diagram of the circuit used with
the
new 400-miHiampere rectifier tube. Carter Radio
Company.
102. Radio Power Bulletins— Circuit diagrams, theory
constants,
trouble-shooting
hints for Manufacturing
units employing
the BH or and
B rectifier
tubes. Raytheon
Company.
103.istics of A.a new
C. Tubes
— The Five
designcircuit
and operating
a. c. tube.
diagrams charactershow how
toManufacturing
convert well-known
circuits.
Sovereign
Electric &
Company.
58. How
to Select
a Receiver
booklet
describing
what a radio
set is, and— Awhatcommonsense
you should
expect from it, in language that any one can understand.
Day-Fan Electric Company.
Radio weather
— A veryandinteresting
booklet
on 67.
the Weather
relationshipforbetween
radio reception,
with
maps
and
data
on
forecasting
the
probable
results.
Taylor Instrument Companies.
73. Radio
non-technical
giving
pertinent
data Simplified
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subjects. Ofbooklet
especial
int
e
r
e
s
t
t
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the
beginner
and
set
owner.
Crosley
Radio
Corporation.
76. used
Radioin radio
Instruments
— A description
of various
meters
and electrical
circuits together
with a
short discussion
of
their
uses.
Jewell
Electrical
Instrument Company.
78. Electrical Troubles — A pamphlet describing
the use of electrical testing instruments in automotive work
combined
with a interest
description
test batteries.
for storage batteries.
to theof the
ownercadmium
of storage
Burton
RogersOf Company.
95.use Resistance
— Successive
the
of resistors
inDatavarious
parts ofbulletins
the radioregarding
circuit.
International
Resistance
Company.
96. Vacuum Tube Testing — A booklet giving pertinent
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data on how to test vacuum tubes with special reference to
a tube testing unit. Jewell Electrical Instrument
Company.
Shieldingin —radio
A booklet
giving
on 98.
the Copper
use of shielding
receivers,
withinformation
notes and
diagrams showing how it may be applied practically. Of
special interest to the home constructor. The Copper and
Brass Research Association.
99. Radio
ConvenienceforOutlets
givingin
diagrams
and specifications
installing— Aloudfolder
speakers
various locations at some distance from the receiving set.
Yaxley Manufacturing Company.
Coils — Excellent
data onon six
a radio-frequency
coil
with105.constructional
information
broadcast receivers,
two short-wave receivers, and several transmitting circuits.
Aero Products Company.
106.transformer
Audio Transformer
on auseful
high-quality
audio
with circuits —forData
use. Also
data on
detector and amplifier tubes. Sangamo Electric Company.
Tubesand— Operating
characteristics
of an
a.c.108.
tube Vacuum
with curves
circuit diagram
for connection
in converting various receivers to a.c. operation with a
four-prong a.c. tube. Arcturus Radio Company..
1 10. Receiver Construction— Circuit diagram and
constructional information for building a five-tube set
using restricted field coils. Bodine Electric Company.
the
care111.andStorage
operationBattery
of the Care
storage— Booklet
battery describing
in the home.
Marko Storage Battery Company.
1 12. Heavy-Duty Resistors — Circuit calculations and
data on receiving and transmitting resistances for a variety
of uses, diagrams for popular power supply circuits, d.c. resistors for battery charging use. Ward Leonard Electric
Company.
1 13. Cone
Loud Speakers and
— Technical
practicaltype
information on electro-dynamic
permanentand magnet
cone loud speakers. The Magnavox Company.
114. Tubemethods
Adapters
— Concise various
information
simplified
of including
powerconcerning
tubes in
existing receivers. Alden Manufacturing Company.
What Setof Shall
Build? —receivers
Descriptive
with115.illustrations,
fourteenI popular
for thematter,
home
constructor. Herbert H. Frost, Incorporated.
104. Oscillation
Control
the "Phasatrol"
Circuit
diagrams, details
for with
connection
in circuit, and—
specific
operatingdevice
suggestions
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using the "Phasatrol"
as a balancing
to control
Electrad,
Incorporated.
1 16. Using a B Power Unit — A comprehensive booklet detailing the use of a B power unit. Tables of voltages —
both B andshooting.
C — Modern
are Electric
shown. There
Mfg. isCo.a chapter on trouble118. onRadio
Instruments.
"J" —forA every
descriptive
manual
the use
of measuringCircular
instruments
radio
circuit requirement. A complete listing of models for transmitters,
receivers,
set
servicing,
and
power
unit
control.
Weston Electrical Instrument Corporation.
120. tereThe
Worker —AA typical
monthly feature
bulletin article
of inst to the Research
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describes
the
construction
of
a
special
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amplifier
—
Aerovox Wireless Corporation.
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Filter
Condensers
—
Some
practical
points
on
the
manufacture and use of filter condensers. The difference between inductive and non-inductive condensers. Polymet
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Specifications
and pages.
operating
teristicnsinogfhvacuum
Twenty-four
E. T.characCunam, Inc.
123. Band Supply
Devices — Circuit diagrams, characterislist of parts
units. tics,Electrad,
Inc. for nationally known power supply
124. Power
Amplifier andandB constructional
Supply — A booklet
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several
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information
and a combined B supply and push-pull audio amplifier, the
latter using2iotype tubes. Thordarson Electric Mfg. Co.
125. A.
C. Tubea method
Operation
— A .small
complete
booklet
describing
of filament
supply but
for a.c.
tubes.
Thordarson Electric Mfg. Co.
126. Micrometric Resistance — How to use resistances
for: Sensitivity control; oscillation control; volume control;
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control, e:c. American Mechanical Laboratories.
127. Vitrohm News — A monthly bulletin dealing with
the resistance problems of the home constructor and experimenter. Ward Leonard Electric Co.
128. Sangamo
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Sangamo Electric Co.
129. Tone
hook-ups, and
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an explanation o—ftheSome
propermodel
use audio
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Sangamo Electric Co.
1 30. Screen-Grid Audio Amplification — Diagrams
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132. ceiThe
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with diagrams
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Unipac. Silver-Marshall
138. Silver-Marshall Data Sheet No. 3 — How to
build
operate
the S-Madapter.
four-tube,
short-wave receiver
and theandS-M
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s\ iHEREVER
radio apparatus is demonxjL/ strated, note how the receivers equipped
with Thordarson Transformers surpass in tonal
reproduction.
This year, more than ever before, fidelity of
reproduction is the determining feature in the
sale of the better radio apparatus. Since the
musical characteristics of a radio instrument

These

quality instruments

are Thordarson

equipped:

depend to such a great extent on a wise selection of the audio and power supply transformers, it is significant that so many leading manufacturers have turned to Thordarson as the
logical transformer source.
Equally significant is the fact that not once since
Thordarson transformers became available to radio
manufacturers has any other transformer approached
the manufacturer popularity of Thordarson.

Buckingham

darsoN
or
TH
RADIO
TRANSFORMERS

ARGUS
AUDIOL^

musical
perform ance
Thordarson transformers are universally available to custom'
set builders as well as manufacturers. Wherever radio parts are
sold, there you will find a complete stock of Thordarson Audio
and Power Supply apparatus. If you are building for real musical
performance, insist on Thordarson Transformers. .
THORDARSON ELECTRIC MANUFACTURING CO.
Transformer Specialists Since 1895
WORLD'S OLDEST AND LARGEST EXCLUSIVE TRANSFORMER MAKERS
<r7iuron and Kingsbury Streets
— Chicago.Ill.USA. sssi
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Helium

THE SECRET OF THE
STANDARD REPLACEMENT
[UBEA B EUMINAK
YUc use ot Ionized Helium, gives to
the Raytheon
"BH"a farTubelonger
a superior ruggedness,
lite
.md .i sustained voltage. Be sure
you get a Raytheon BH tor your
eliminator when the tube needs rewhich is generally every nine
to twelveplacingmonths.
/Raytheon
\
*%. 10NG LIFE RECTIFY! N t! TUBE ^

HERE

IU BE

Which Requires NO

CHECKER
BATTERIES

Weston Electrical Instrument Corp.
604 Frelinghuvsen Ave., Newark, N. J.
WESTON
RADIO
BNSTRDMENTi
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INFORMATION

SHEETS
THE Radio Broadcast Laboratory Information Sheets are a regular feature of this
magazine and have appeared since our June, 1926, issue. They cover a wide range
of information of value to the experimenter and to the technical radio man. It is not our
purpose always to include new information but to present concise and accurate facts in
the most convenient form. The sheets are arranged so that they may be cut from the
magazine and preserved for constant reference, and we suggest that each sheet be cutout
with a razor blade and pasted on 4" x 6" filing cards, or in a notebook. The cards should
be arranged in numerical order. In July, 1927, an index to all sheets appearing up to
that time was printed. Last month we printed an index covering the sheets published from
August, 1927, to May. 1028, inclusive.
All of the 1926 issues of Radio Broadcast are out of print. A complete
set of sheets, Nos. 1 to 88, can be secured from the Circulation Department,
Doubleday, Doran & Company, Inc., Garden City, New York, for $1.00. Orders for the
next set following can also be sent. Some readers have asked what provision is made to
rectify possible errors in these sheets. In the unfortunate event that any serious errors do
occur, a new Laboratory Sheet with the old number will appear.— The Editor.
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Selectivity
AS EFFECTED BY NUMBER OF R.F. STAGES
If, at a certainRAt point off resonance, the f.rst stage
reduced the amplification
to 83 per cent., then the
THE selectivity of a radio circuit depends upon
second stage would reduce the amplification to 83
many things, including the number of tuned per cent, of what came through the first stage. Restages, amount of coupling in the r.f. transformers,
fering to the curves, at a point 5,000 cycles off
the characteristics of the tubes, the amount of re- resonance,
the indicated
various stages
ive action as
below. introduce a selectgeneration inthe circuit, the accuracy with which
the individual circuits are tuned, etc. In this Sheet
First stage = 83 per cent.
Second stage = 83 x S3 = 69 per cent.
we will consider the effect on selectivity of increasThird stage = S3xS3x83 = 57 per cent.
ing the number of tuned stages in a receiver. Future
Laboratory Sheets will discuss the influence, on
Fourth stage = S3 x 83 x S3 x S3 = 47 per cent.
selectivity, of some of
This means that if
the other
factors menwe had a four-stage
tioned above.
V,
r.f. amplifier withthat
thesea
Curve 1 represents the
characteristics,
selectivity curve of a
10
BROADCAST
signal
5,000
cycles
off
AB0RAT0RY
single r.f. stage. At a
the resonance frequency
point
5.000the cycles
to which the stages
resonance
circuitoff
were tuned, would be
gives S3 per cent, of the
// ! A
amplified
amplification
at resoncent,
as only
much -17aspera
ance: at 10.000
cycles
k I
/
i \\\
signal at the resonant
off resonance
the
am—
ii ,
frequency. Since a radio
plification has dropped
s
to 60 per cent.
wave lation
includes
frequencies moduup to
1
A/
r!
more
r.f.
stages,
with
Now
suppose
we"
add
5,000
cycles
off
resona
n
c
e
,
i
t
is
evident
that
characteristics the same
1
such an r.f. amplifier
as that of the first
11
stage. We then get
wouldable sidecause
band considersuppresthe selective
action
"
10.000 5000
si5000
sion
with
consequent
sigindicated
in Curve
2.
cycles off 0resonance
nal distortion.

No. 210
Operates direct from the
A. C. LIGHT SOCKET
Or any other A. C. — 60 cycle — 90 to 130 volt
source of supply
Proper Voltage Regulation
is quickly obtained by means of the Voltage
Adjusting Dial and the Voltage Indicator.
Will test ever)- type of rube
A. C. or D. C. — having filament voltages of 1.5,
2.5. 3.3. 5 or 7.5 volts, including filament type
rectifying tubes.
Check Tubes at Time of Sale
It prevents comeback? and makes satisfied
customers.
Your jobber will supply you, or write direct to:

Radio
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Protecting the Rectifier Tube

A PILOT LAMP TO INDICATE OVERLOAD
TV/TOST of the rectifier tubes available at the
present time will be Beverly injured if they
are subjected
short circuits
excessive overloadto foraccidental
any considerable
period orof totime.
In constructing power units it is therefore wise to
place in the circuit some device which will serve to
indicate any overload. Such an indicator is described
in this Sheet and is applicable to power units of all
types whether they use gaseous or filament type
rectifiers.
The maintubes
precaution
rectifier
is that to be observed in operating
of avoiding an overload
with respect to plate
current. The shorting
of the rectifier output,
such allyas occur
maydueoccasionto the
failure of some part of
the apparatus (as by
the breakdown of a filter load
condenser
1 will overthe filament
and

August, 1928

result in filament failure (in the case of filament type rectifiers) unless the current is turned
off promptly.
To nectindicate
an overload
it is athegoodrectifier
idea tooutput
conasmall lamp
in series with
as indicated at B in the circuit diagram on this Sheet.
A small lamp such as is used as a dial light may be
used for this purpose. Excessive brilliancy of this
lamp will immediately indicate an overload, which
can then be remedied before damage results.
In constructing power amplifiers and B supplies
it is also a good idea to place a fuse in the primary
side of the power transformer. This fuse will protect
the transformer from
Filter System
damage inondary iscase
its secaccidentally
short circuited. The fuse
should
preferably
the ordinary plug betypeof
with a rating of about
three amperes. Only one
fuse neednectedbein series
used, with
conone side of the line and
the transformer.
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Letters
Readers
■ :from
l'
What a Vacuum Tube Can't Do
ANOTHER good fiction — and this one
countenanced by Radio Broadcast — has
received its death blow at the stern hands of
reality. Witness this letter:
To the Editor:
With no thought of destroying the sentiment
of the interesting and informative article, "The
Haven
of a Broadcast,
Sea-going Audion,"
the to
Juneprotest
issue
of
Radio
1 would inlike
the
author's
theory
that thebobbed
audion through
"may have
started
in the
Atlantic,
the
Canal,
Pacific,
etc." (I presume he
If he crossed
were tothevisit
the Canal
means the Panama Canal) he would find that it
would be impossible for any floating object to
drift through from one ocean to the other. The
level of Gatun Lake is eighty odd feet above the
sea. The water used in raising and lowering ships
in the locks as they enter or leave the Canal
comes from the lake, and flows to the sea through
the locks at either end of the Canal. The frail
glass bulb would have a poor chance reaching
the lake against such a counter current thus
created.
This is the second time in the last two or three
years I have noticed the same mistake in the
press. The general public is obsessed with the
mistaken notion of things floating through the
Panama Canal from one ocean to the other.
Don't you think a correct impression ought to be
made?
R. S. Fulton,
Radio Operator, S.S. Hochelega
Greenwich Mean or Civil Time?

THE list of short-wave transmissions which
appeared in the May number of Radio
Broadcast has brought forth several interesting letters in regard to the confusion existing about the meaning of the terms "Greenwich
Mean Tin*e" (G. M. T.) and "Greenwich Civil
Time" (G. C. T.) The list of short-wave stations
was reprinted from Wireless World, London,
England, and retained the time designations of
the English magazine. Radio Broadcast also
printed in the May number (page 53) a conversion table for G. C. T„ G. M. T., and 75th
meridian time (E. S. T.) That this conversion
table was in error is shown by the following letter
from C. S. Freeman, Superintendent of the U. S.
Naval Observatory in Washington D. C.
To the Editor:
It is unfortunate that the usage of the terms
"Greenwich Mean Time" and "Greenwich Civil
Time" is not the same in the United States and
foreign countries. Originally the term " Mean
Time" was universally used to refer to a day
beginning at noon, but on January 1, 1925, an
international agreement went into effect by
which the use of such time was discontinued,
and all solar time computed beginning from midnight. In the United States this new time was
designated as "Civil Time," but foreign counthe designation
Time."to
Both tries
theseretained
designations
therefore" Mean
now refer
the same kind of time.
Your table (page 53) should read:
G. C. T. or G. M. T. 75TH MERIDIAN (E. S. T.)
Hours
0
7:00 P. M.
1:00 A. m.
6
7:00 A. M.
12
9:00 A. m.
14
1:00 P. M.
18
5:00 P. M.
22
7:00 P. M.
24
It should be noted, however, that the expres"24 hours"In your
is nottable
in use,
hours"
being
in usesioninstead.
all the"o 75th
meridian
times are marked " p. m.," although the second,
third, and fourth should be marked "a. m."
(Continued on page 233)

PRODUCTS

QUALITY

The
Logical
Source
on
Parts
the source of supply by so
Scientifically designed and
Precision - Built Audio and
many of the substantial
Power Transformers, Chokes
companies who have learned
and Fixed Condensers — every
that Dongan usually is the
single one fundamentally
first
to introduce the new decorrect and guaranteed by one
of the oldest manufacturers
signs and can be depended
in the industry. Naturally
upon to foster nothing that
Dongan has been chosen as
smacks of the freakish.
Filter Condensers
Illustrating one of 9 types of Filter Condensers.
Built in all capacities for use with filter circuits
and power amplifiers. Exceptionally high insulation and permanent stability. For either
gaseous or filament type rectifier tube.
$1.50 to $7.00
Also By-Pass Condensers and Condenser Blocks.
No. 6570
Popular A C Transformer designed for
use with 4 U X 226, 1 UY 227 and 1 UX
171 power amplifier tubes. Equipped
with terminals for wiring harnesses,
lamp cord and plug outlet for B-eliminator, also tap for control switch.
$6.50

No. 1177
A splendid straight power amplifier
output
designed
use
with UX transformer
250 P. A. Tube.
One of for
several
power supply and output transformers.
$12.00

Send check or money order for immediate delivery, illustrated. Ask
for Radio Parts Catalogue.

Set Manufacturers and Custom Set Builders
To meet your individual manufacturing requirements is the duty of our
Sales-Engineering Department. You will be assured of Approved Parts
as per samples submitted and deliveries as specified.
DONGAN

ELECTRIC MANUFACTURING
2991-3001 Franklin Street
Detroit

CO.

NATIONA
Short Wave Equipment
Velvet Vernier Dial
Audio Frequency
Transformers and Chokes
There is a Ferranti for every audio requirement. Each unit is built to the
highest standards and tested to 1,000
volts throughout.
The 1928 Ferranti Year Book contains
60 pages ofstructions
helpful
information,
infor building
receivers,with
power
amplifiers, etc.
Mailed anywhere for 15c in coin,
stamps not accepted.
FERRANTI, Inc.
130 W. 42nd St.
New York, N. Y.

A Solid
ver DialGerman
with Silthe
Type
N Veroriginal
Velvet
nier mechanism
and
a real vernier for
close reading to one
tenth division.
PRICE — $6.50
Also — a new Equicycle Girder Frame
Condenser, Newin 4Snort-Wave
Tuning15
Transformers
ranges covering
to 115 meters, a new h. f. impedance
and other interesting apparatus.
Write for Short-Wave Bulletin,
128-B
NATIONAL COMPANY,
INC.
W. A. Ready, Pres. Maiden, Mass.
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Transmitter
Soldering Irons
HOW TO CARE FOR THEM

For Broadcasting, Phonograph
Becording, and
Power Speaker Systems
^^HIS
JL variestransmitter
its capacityis aatsmall
voice condenser
frequency,which
and
is coupledfication,
direct
a single
stage of amplicontainedinto
in the
cast aluminum
case.
The output, reduced to 200 ohms, couples
to the usual input amplifier. The complete
transmitter may be mounted on the regulation
microphone stand. It operates on 180 v. B and
6 or 12 v. A battery.
This transmitter contains no carbon, and is
entirety free from background noise. Its yearly
upkeep is practically nothing. It is extremely
rugged, and will withstand hard usage.
I'ricc, F.O.B.
complete
with 20 ft. shielded cable,
$225.00
Chicago.
J. E. JENKINS & S. E. ADAIR, Engineers
1500 N. Dearborn Parkway,
Chicago, U. S. A.
Send for our bulletins on Broadcasting
Equipment

ATTENTION!
B

Eliminator
Constructors
Owners

Solve all B eliminator problems.
Stop motor boating.
Improve your B eliminator.
Learn how to adapt your B eliminator to
various receivers.
Learn how to calculate B eliminator resistances.
Get the most out of your B power unit.

pRACTICALLY
are designed to all
heatcommercial
rapidly so soldering
that they irons
will
be brought to an operating temperature within a
short time after they are connected
to the line. Unfortunately, however,
if they are left connected to the line
after they have reached an operating temperature they become too hot
for satisfactory work, the tip blackens very quickly, becomes pitted,
and in a comparatively short while
the iron requires a new soldering tip.
All thiscome,trouble
can be ineasily
and the manner
which overit is
done in the Laboratory may be of
interest to readers.
The arrangement used in the Laboratory isindicated in the diagram.
The soldering iron is connected in
series with an ordinary electric light
bulb across switch,
the powerS, line.
A shortcircuiting
is provided
across the bulb. The procedure when
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some soldering is to be done is to push the plug in to
the light socket and close switch. S. With the switch,
S, closed the iron is then connected directlyiacross the
line and reaches a satisfactory operating temperature quickly. When this temperature is reached the
switch is reopened so that the electric
light is in series with the iron. The
size
of electric
light usedat isthesuchcorrect
that
the iron
is maintained
temperature and does not overheat
even though the power is left on
for hours without using the iron.
If an arrangement such as this is
used the tip of the iron will remain
tinned for a long time, and a better soldering job can be done.
wattage
the electric
bulbThethat
is usedof depends
upon light
the
soldering iron. The particular irons
used in the Laboratory work best
with a 75-watt lamp. The switch,
S, may be almost any type although
it is a good idea to use some kind
of enclosed switch designed for use
on 110-volt lighting circuits.
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Equalizers
WHY THEY ARE USED
to a value equal to the efficiency at high frequencies;
this is the function of the equalizer.
IN TRANSMITTING outside events (programs
The equalizer consists of a network of resistances,
*■
that
do
not
originate
in
the
studio)
broadcasting
capacities,
inductances of values such that they
stations have to make use of wire lines to connect introduce and
a considerable loss at low frequencies
the control room of the station with the microphone
where the transmission efficiency of the cable is high
and amplifier apparatus located at the point at and practically no loss in efficiency at the high
which the program originates. These wire lines frequencies where the transmission efficiency is low.
must transmit with equal efficiency a band of The result is that the efficiency of the entire system
frequencies from about 100 cycles to about 5,000 is reduced to approximately the efficiency of the
cycles. In order to give a wire line such a cable at the highest frequencies to be transmitted.
The curve B shows the characteristics of the
characteristic
it is necessary efficiency
that it bewill
"equalized"
so that the transmission
be equal
equalizerflatinfrom
use; 100
the frequency
charover the entire band of audio frequencies. The cable with acterthe
istic issensibly
cycles to 5,000
device used to give a line such a characteristic is cycles. As was mentioned above this betterment
termed an "equalizer" and its action will be ex- in the frequency
characteristic
obtained atThea considerable reduction
in overall isefficiency.
low
in this sheet
in conjunction with the diagramplaoninedSheet
No. 213.
efficiency
is
then
compensated
by
connecting
reThe offrequency
of a A seven-mile
peaters (power amplifiers) in the circuit to raise the
length
cable is characteristic
indicated in curve
on Sheet power level
of
the
entire
system.
The
broadcasting
No. 213. This characteristic shows that the cable circuit connecting New York with Chicago contains
transmits the low frequencies much better than the about
eight repeater points. Power amplifiers are
high frequencies,
to thethefacttwothatwirestherethatis form
con- located at these points and function to boost the
siderable capacitydue
between
power
in the line to overcome the loss in the cable.
the pair of cables and this capacity tends to bypass As a result
we frequently find cases where the final
the higher frequencies. Equalization is accomplished
amount
of power
atthethepower
receiving
end isintroduced
considerby introducing into the circuit a device that will
ably
greater
originally
lower the transmission efficiency at low frequencies in the line at than
the transmitting
end.
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Frequency Characteristic of a Seven-Mile Cable

JOHN F. RIDER'S
"Laboratory Treatise on B Eliminator Design and Construction"
is the most modern and up-to-date book
on B battery eliminators — written expressly for the B eliminator constructor
and owner. 88 pages 8| x 11, 71 illustrations. Every phase of B eliminator
operation is considered. Every B eliminator constructor and owner should have
one— Price $1.00.
This book will save you money!
RADIO TREATISE CO.
270 Madison Ave.
New York City
MAIL THIS COUPON
Here
my SI.postpaid
00 for theto "B Eliminator Treatise"
to be ismailed
Name . .
Address.
City

500 1000
.State.

1500

2000 2500 3000 3500
FREQUENCY IN CYCLES PER SECOND

4000

4500 5000

RADIO
Letters from Readers
(Continued from page 231)
From this letter it appears that the Greenwich
Mean Time used in the list reprinted from the
Wireless World is the continental equivalent of
the United States Greenwich Civil Time. This
Fact explains the following letter from a Toronto,
Canada, reader of the magazine;
To the Editor:
May I take the liberty of pointing out an
jrror in the May Radio Broadcast? At the top
sf the list on page 44 of the May number you
state that "all the times are given in Greenwich
Mean Time (G. M. T.) " — nevertheless the
times actually were given in G. C. T. (Greenwich
Civil
that E.fiveS. o'clock
p. m.
LondonTime).
time, Also
whichnote
is noon
T., certainly
is not 5:00 p. m. G. M. T.
For your information I would state the
following:
1. The term "Greenwich Time" is ambiguous
ind doesn't mean anything as far as we are
:oncerned.
2. G. C. T. (which is the same as London
time) is five hours ahead of E. S. T.
3. G. M. T. or Greenwich Mean Time is the
nean day, astronomical or solar day, commencing at noon of the civil day of the same date.
This was shown at the bottom of page 53, only
there was another error here — all the times under
'75th
were "p.should
m." read as follows:
The Meridian"
corrected column
Ipage 53)
G. C. T. G. M. T. 75TH MERIDIAN
00
12
07 P. M.
06
18
01 A. M.
12
00
07 A. M.
14
02
09 A. M.
18
06
1 P. M.
22
10
5 P. M.
24
12
7 P. M.
It is apparent that you listed the right times
Dut called them by the wrong name and also
that the two tables (pp. 44 and 52) do not conlict.
It is amazing how universal this error of
xmfusing G. C. T. and G. M. T. has been.
\pparently people thought G. M. T. meant
'Greenwich Meridian Time."
I am a ship operator and I certainly know that
10 p. m. E. S. T. is 0300 G. C. T. 1 also know that
35SW transmits phone from 1930 G. C. T., or
2:30 p. m. E. S. T., onwards.
If the U. S. Naval Observatory is correct, the
second column of this conversion table refers to
the old Greenwich Mean Time, which is no longer
used. It does not yet seem clear to us, however,
whether or not there is any recognized method of
time computation |em ployed at present here or
abroad which begins its day at noon.
An Old-T inter Recalls
To the Editor:
The picture of the Wireless Room on the 55
Bermuda in your June issue [page 71] came to me
like a voice from the past. The gear was that of
the Marconi Co. of London, a firm I worked for
from 191 5 to 1927.
On looking over the gear I noticed a slight
error: the 5-kw. quenched spark transmitter
should read j-kw. quenched spark transmitter.
It is a 1925 model originally intended for lifeboats but radiates up to 7 amps, and may be
tuned to 300, 450, 600, and 800 meters. It is
identical with the auxiliary transmitter on my
own ship. Our main installation is an R. C. A.
c. w. and i. c. w. transmitter with a range of
waves from 600 to 2500 meters.
William I. Boobyer
Radio Operator, 5.5. Beaconstreet
A Correction in the July Number
In the article "How to Build a Beat-frequency
Oscillator",
G. F. Lampkin,
in the occurred
July num-in
ber of Radioby Broadcast,
an error
the picture at the bottom of page 1 57. The two
coils marked 40T should be marked 55T, and the
two marked 55T marked 40T. The coil diagram
in Fig. 1 is correct in these dimensions.
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A

New

SHORT
The

and

Better

WAVE
Aero

RECEIVER!

International

Four

This new Aero Receiver embodies many noteworthy improvements. Uses latest design Aero Interchangeable
Coils that provide materially
increased efficiency of operation. Sensitivity has been
increased, control made easier,
noises eliminated. Particularly
adapted to musical broadcasts.
Uses New Kit
The coils illustrated are the
new L. W. T. 10 kit, price
$10.50. Designed for use
with special foundation unit
which includes mounting
(Rear Panel View)
are onl
These coils
base.in diameter,
2"
insuring
smaller y
external field and better
performance. They embody the patented Aero construction feature which provides 95% air di-electric — by far the
most efficient inductances as yet perfected.
Write for Literature
Investigate this superlative set at once. Write for complete
NOTICE
descriptive circular TODAY. You'll find it mighty interesting! Address
Your dealer can supply you with complete
parts for the Aero International Four in
knock-down form. By purchasing all parts,
AERO
PRODUCTS,
Inc.
including cabinet, in factory sealed package,
you are assured of perfect co-ordination beDept. 109
twe n al units.
If yourthe dealer
supply
you, order
direct from
factory.can'tWrite
for
1772 Wilson Ave.
Chicago, III. prices,
parts list, etc. NOW.
-j
W

LINCOLN
1
.%
■ a_e
s

ANNOUNCES
\

H
nsouu r» -P <r
■
Curve "A" is Lincolnu • 105■ mt first stage
transformer. Curve "B" ia Lincoln 106
transformer.
"C" is
asecond
$10.00stagehigh-grade
audio Curve
transformer
of standard make. All curves are under
actual amplifier operating conditions.
Note absolute Lincoln superiority.

All Lincoln transformers
can be identified by the
satin-copper case 3V'
high, mounting
2\" wide, feet.
and -?iY'
over

REVOLUTIONARY
A. F. TRANSFORMERS!
LINCOLN
radio transformers
of phej nomenallyoffers
highnewamplification
and precision
manufacture, designed by Kendall Clough. Look
at the actual operating curves for these new Lincoln
products! Where have you ever seen such high
and excellent offer!
frequency characteristics
asamplification
these new transformers
The new 105 first stage audio transformer haa an
average
ratio of 4.4:1
— nearly 50%
than othereffective
more expensive
transformers.
The more
106
second stage audio transformer is 3.7:1 or nearly
25% plymore
than
other
types.
And
the
tone
—
it
simmust be heard to be appreciated, so far superior
is it to that of ordinary #8.00 and £1 2.00 transformers. No matter what set you have, or what you're
going to build, Lincoln's are the best audios, for
they'll cagive
finer tone and 50% more amplifition on weakyousignals.

POWER UNITS — B and ABC
"'WO
new Lincoln
powerthesupplies,
a "B"
eliminator
only, and
other aonecomplete
"ABC" tainepower
supply
for
A.
C.
tube
sets,
are
cond in attractive brown crystaline steel shielding
cases, long and narrow so that they may be placed
in a radio set cabinet by the receiver itself. Each
case is 13" long over two mounting feet, 3 1" wide,
andModel
5V high,
67" over
singlefrom
280 180
type totube
110 Borpower
unit the
delivers
200 used.
volts at 50 to 60
m. a. from the "high voltage" binding post, and 22i, 90, and 135 volt*
from
other
posts.
From
a
special'
post,
a
variable
voltage
22 1ofto ona
9<J
volts is available. This powerful eliminator will operate anyof set
to ten tubes, and is especially designed for high quality Lincoln audio
amplifiers, its filtration being remarkably fine.
The model 110-ABC unit furnishes just the same B voltages, plus
1.5, 2.25, and 5 volts for up to five 226 tubes, three 227 tubes, and
four 1 12 A tubes. C voltage is obtained by suitable bias resistors in any
A. C. set. Type HOB is priced at S36.00, and type 110-ABC at £39.00
retail list, fully guaranteed. Both will operate from any 105 to 120 volt,
60 cycle alternating current lamp socket.
Lincoln will soon have ready a new receiver kit of wonderful tone,
excellent
selectivity
and sensitivity
a setafter
that night.
brings DX right into the
Lincoln offices
in a steel
building —night
Send 2c for all data on new Lincoln products.

LINCCLNRADIO
329 SOUTH WOOD ST. —

CORPORATION
CHICAGO - ILLINOIS.
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Owing to the rapid advances in the radio
science, a text or reference book on radio
gets out of date unless revised every few
months. We never have over 10,000
copies printed to an edition in order that
we may issue a new and revised edition
every few months, and keep our publication right up to date.
The 4th Edition
"Radio Theory and Operating"
By Mary Texanna Lootnis
is just off press, thoroughly revised with
much new and valuable material never
before published; contains nearly 900
pages and over 700 illustrations. The
author is lecturer on radio in Loomis
Radio College, member Institute of Radio
Engineers, her long experience in handling radio makes her well fitted to know
the needs of the radio student, engineer,
amateur or fan. The book is used by
practically all the leading radio schools
in this country and Canada, universities,
colleges and high schools, and all Government radio schools. For sale by
nearly all bookdealers, or sent direct by
the publishers. Price $3.50, postage paid.

Loomis Publishing Company
Dept. 10
Washington, D. C.
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of Radio Parts
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A. C. Switch
your re arest frost
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.
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m
See hi todea
Send 10c for New 16-Page Frost Radio Data Book
A complete,
valuable
manual ofresistance
hook-ups, information.
radio tube
data
and fixed
and variable
Write
for
your
copy
to-day.
Inclose
10c
to cover
postage and mailing.
HERBERT H. FROST, Inc.
New York
ELKHART, IND. Chicago
HERBERT H. FROST, Inc!
160 North La Salle Street, Chicago
Please bysend
me mail.
your new
16-page10c Frost
Radiopostage
Data
Book
return
I enclose
to cover
and mailing.
N ame . .
Address
City . .
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Measuring Instruments
HOW THEY WORK
'THE
on thisof sheet
shows inin ansimple
form
the drawing
arrangement
the parts
electrical
measuring instrument such as might be used to
measure the currents and voltages
in a radio receiver. The instrument
consists essentially of a very strong
permanent magnet, M, a cylindrical
soft iron core, C, a moving coil, L,
the ends of which connect to the
leads 1 and 2 which would be connected to the binding posts on the
instrument. The space between the
poles of the magnet, marked N and
S, and the iron core, C, is made quite
small so that an intense magnetic
field will exist in the air space between the core and the pole pieces.
The coil, L, is free to move in this
gap. To the coil is fastened a small
spring, G, and a pointer which is
generally made of aluminum so that
it will be very light in weight. The
coil is pivoted at its center on jeweled
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bearings and the spring is adjusted so that with no
current flowing through the instrument the pointer
rests at the
zerocoil,
'on itthe
passes
through
movesscale.
on itsWhen
pivots.current
This motion
is opposed by the spring
each value
rent there isand
somefor position
of theof curcoil
at which the turning force produced by
the current is exactly balanced by the
force due to the spring; the pointer
therefore comes to rest at a position
on the scale corresponding to the
point ance.at The.which
forcesoffbal-in
scale these
can betwomarked
values so as to indicate by its position on the scale the amount of current flowing through the instrument.
With strong magnets, delicate parts,
and accurate
workmanship,
ments can be built
which takeinstruonly
a very small fraction of an ampere to
move the pointer over its entire
range; the scale may be calibrated
inltamperes;
thousandthsthe ofinstrument
an ampere, or milknown
as a milliammeter. is then
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The Hi-Q Six
the parts used
'THE circuit diagram of the Hi-Q Six, the 1928
-1 model of the kit receiver produced by the
Hammarlund-Roberts Corporation, is published
on Laboratory Sheet No. 216. On this Sheet we
give some details regarding the circuit and parts
used so that readers who are keeping a file of these
sheets may have on hand for ready reference the
data on this kit. Other sheets to follow will give
information on other popular kits.
The circuit consists of three stages of r.f. amplification, followed by a non-regenerative detector
and fier.
a two-stage
ampliThe r.f. coils transformer-coupled
are arranged so that audio
the coupling
between the primary and secondary is varied automatical y asthe receiver is tuned. This feature helps
to make the receiver perform equally well over the
entire broadcast band. The first two tuning condensers are ganged to one tuning control and the
other two condensers are ganged to the other control
on the drum dial. Volume control is accomplished
by means of a rheostat in the filament leads of the
r.f. tubes. All of the r.f. stages are shielded.
The following parts were specified for the official

. 2:
OAnt.

kit; the notation in this list refers to the diagram
on the following Laboratory Sheet.
Ti — Samson Symphonic Transformer. Ta —
Samson
Type HW-A3 0.0005-Mfd.
Transformer Midline
(3-1 Ratio).
Ci
— 4 Hammarlund
Condensers. L—i 4 L2Hammarlund
"Hi-Q"
AutoCouple Coils.
— 4 Hammarlund
TypeSixRFC-85
Radio-Frequency Chokes. C2 — Sangamo 0.00025Mfd. Mica Fixed Condenser. Ca — Sangamo 0.001Mfd. Mica Fixed Condenser. Ri — Carter 1R-6
"Imp" Switch.
Rheostat,R2 —6 Durham
Ohms. Metallized
Si — Carter Resistor,
"Imp"
Battery
2 Megohms. Ci— 3 Parvolt 0.5-Mfd. Series A
Condenser. R3 — 4 Amperites No. 1-A. Rt — Amperite
No. 112. Rs — Drum
3 500-ohm
Hammarlund
illuminated
Dial.grid1 resistors.
Pr. of Sangamo
Grid
Leak Clips. 6 Benjamin No. 9040 Sockets. 3 Eby
Engraved Binding Posts. 1 Yaxley No. 660 Cable
Connector and Cable. 1 Hammarlund Roberts " HiQ" Six Foundation Unit (containing drilled and engraved
panel, completely Westinghouse
finished Van Bakelite
Doom Micarta
steel . chassis,
four
complete heavy aluminum shields, extension shafts,
screws, cams, rocker arms, wire, nuts, and all special
hardware required to complete receiver).
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The Circuit of the Hi-Q Six
Shields
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Type
A manufacturer can have
no greater faith in his
products than to guararv
tee faithful operation and
with such a guarantee all
TOBE PRODUCTS are
sold.
Write for pamphlet on
TOBE PRODUCTS
TOBE
S

DEUTSCHMANN
CAMBRIDGE, MASS.

CO.

A EROVOX Filter Condenser Blocks and
Resistors are Built Better. They will
ENDURE!
The Aerovox Research Worker is a free monthly
publication that will keep you abreast of the
latest developments in Radio. A postcard will
put your name on the mailing list.
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Amplifier

585

Transformers

THE General Radio Company announces
a new group of high quality transformers at a direct to the consumer price. This
new group consists of two instruments, the
type 585-D and the type 585-H, the amplification characteristics of which are shown
below.
Type 585-D Ratio 1 :2
Pri. Inductance 79 H.
Type 585-H Ratio 1:3.5 Pri. Inductance 71 H.
Price, either type - - $7.00
New Prices. Write for new catalog No. 930 listing
new low prices on all General Radio parts on a
direct from the factory basis.

EROVM.
"Built Better"
78 Washington St., Brooklyn, N. Y.
GENERAL
RADIO
PANELS
BAKELITE— HARD RUBBER
Cut, drilled and engraved to order. Send rough sketch
for estimate. Our complete Cataloe on Pnnels, Tubes and
Rods— all of genuine Bakelite or Hard Rubber — mailed
on request.
STARRETT MFG. CO.
521 S. Green Street
Chicago, 111.

ROBERT S. KRUSE
Consultant and Technical Writer
103 Meadowbrook Road, West Hartford, Conn.
Telephone Hartford 45327

An Attractive Subscription Offer
FOR READERS OF
RADIO

BROADCAST

Don't miss this Special Offer to
subscribe to Radio Broadcast —
for the next 8 months. If you
buy or build, make or sell, anything in radio you need to read
RADIO BROADCAST
Eight months for $2.00
RADIO BROADCAST
Garden City, N. Y.
Enclosed is Two Dollars for the
next eight issues to commence with
Name
Address
City .

State

RADIO

COMPANY

BO State Street, Cambridge, Mass.
274 Brannan Street, San Francisco, Calif.

Commercial Radio Institute
(FOUNDED 1920)
Resident School Only. All Branches
Taught. Laboratory. Workshop. School
ThoroughlytificatesEquipped.
Graduate
CerDay and Evening
Classes.
FALL
CLASSES
SEPTEMBER
24th.
Literature.
10 East Centre Street, Baltimore, Md.
FOR
SALE
Western Electric Tyre one naught six a one
thousand Watt Transmitter complete, with remote control, studio and speech inputs. Antenna system with eighty foot towers. Spare
parts, etc. Less than year old. Inventory
upon request.
Box 2, Radio Broadcast, Garden City, L. I.
Fahnestock

Clips

RADIO'S GREATEST CONVENIENCE
Used by Manufacturers of Standard Sets and Parts
— and by Manufacturers of High Grade Wet and
Dry Batteries.
ALL GENUINE
FAHNESTOCK
CLIPS
bear our imprint on the thumb
piece of the clip.
WORLD'S LARGEST MAKER OF CLIP TERMINALS
48 different sizes and styles to meet all requirements.
Send for Catalog and Samples
FAHNESTOCK ELECTRIC CO.
L. I. City
New York
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Replace

<StMimul
lQ28 Features
Few radios AT ANT PRICE combine ALL of
these features which are essential to today's new radio reception.
The Crosley Radio Corporation
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a hit
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"
l928's greatest
radio
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8 tube SHOWBOX $80
Genuine Neutrodyne,
3 stagesaudio
radio(lastamplification, detector. 3 stages
two
being
171
push-pull
power
tubes)
and fre280
rectifier tube. Newly perfected audio
system illuminated
creates marvelous
quality. quency
Modern
dial. tone

AMPLIFICATION
I Neutrodynel0xl040=l,000
Other systems 5*5*5 =125
Crosley Radios tune efficiently
Crosleytive andNeutrodyne
selective. circuit
Distantis sharp,
stationssensiare
easily found. Local stations tune without
Crosley Radios are shielded
Each element
shielded
from and
each other proselectivity
in the vides
mostmaximum
expensively
made setsis featured

New Dynamic
*»^J jD
Amazint]
ONE
YNACSpeaker
v/

Crosley Radios are very selective
In crowded
d;stricts
wherein many
local staair youto find
means tionofs fil the
listening
ONE at Crosley
a time. radio a
Crosley
Radios Have great volume
Volume may be increased to tremendous
proportions
This provides plenty without
of volumedistortion.
for power speakers.

Crosley Radios can be
softened to a whisper
A positive volume control enables operator
toscarcely
cut any
program
down to faint and
audible reception.
V
Crosley Radioskind
fit any
of furniture
Outside
cases
are
easily
chassis are quickly fitted intoremovable
any typeandof
shape console cabinet.
Crosley Radios
have illuminated dials
The modern way enables you to see. clearly
in the dusk or in shadowy, corners.

When the pennant
winners meet.

6 tube
GEMBOX
AC ELECTRIC

65
FIVE DAYS FREE TRIAL IN YOUR OWN HOME
Crosley originated the idea of a national policy of home demonstration.
Home is the place to buy a radio set. Compare a Crosley radio set with
any other that you are contemplating buying and you will choose the
Crosley. If you have electric current in your home, your set should be a
modern, AC electric receiver. A converted battery set is out of date. If
you pay more than $65.00 for a radio set, it should have two 171 output
tubes, push-pull instead of one, eight tubes instead of seven. To be upto-date, your new radio set should be designed to take and supply the
current for a power or dynamic type of speaker. Crosley sets are so designed. Other sets designed for power speaker use are much more costly.
You should demand the tone quality and the performance resulting
from high power output coupled with dynamic speaker. Your set should
be completely shielded and incorporate the highly sensitive, genuine,
neutrodyne circuit. It should have a modem illuminated dial. An extion of Crosley radio sets will show you many other modern exclusiveaminafeatures.
$25.00 NEW DYNAMIC DYNACONE AMAZING SPEAKER!
The Dynacone
new lessrevolutionary speaker atis a aprice
than
many good magnetic speakers.
The first minute you hear this
new reproducer, it will thrill you
to a new conception of what radio
broadcast reception should be.
Crosley manufacturing speed and
straight line methods permit the
extremely low price.
WHY PAY MORE THAN
CROSLEY PRICES?
We urge you to listen to a Crosley

radio set, try it, put it to any test
you can think of. No sets that
approximate Crosley prices can
compare in performance. Why
pay a highfavorably
price for with
a setCrosley?
that can
compare

8tubeJEWELB0X$95
Genuinefication— 227
Neutrodyne
stages3 radio
detector 3tul>e,
stages ampliaudio
frequency,
and
280
rectifier.
Shielded
coils,
modern illuminated dials, highly selective
and powerful.

6 tube BANDBOX $55
An
modelto better
of theradio.
1927 Genuine
receiver
that improved
led the world
Neutrodynefinement,
— every
fittingdial.
and Thereincludingmodern
illuminated
set
you
can
safely
buy
where
AC
current
not available— selective, sensitive, powerful!is

5 tube BANDBOX Jr.$35
Operates pecially
entirely
from dry
cells andcurrent
is esdesigned where
electric
is available either
for AC noradio
or recharging
storage
batteries.
Modern
radio
with
all the features
of good reception Crosley
engineers
have developed.

SIX TUBE GEMBOX
AC ELECTRIC, $65.00
Self-contained AC electric receiver.
It utilizes two radio, detector, two
audio and a rectifier tube — 171
power output tube. Designed for
use with the new Crosley Dynafrom mic
110 power
voltsspeaker.
60 cycle ACOperates
house
lighting current.

Crosley Radio
Corporation
Powel Crosley, JrJfe.
Cincinnati .Ohio.

, , CvtffrMd, Nw'Meme
slightly Mgfw:

Improved MUSICONE $15
The outstanding Magnetic type speaker
available, still maintaining its leadership,
today, asproved,from
its inception
Imit is without
questioninthe1925.
greatest
speaker value vou can find.
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MailNearest
this-cceLver
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re1 have checked
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sponsored

realism is radio's newly acknowledged refinement . . . originally
by Magnavox.
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dible range. A

"Beverly Model
GtACefully proportioned cabinet
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F*r A-Batttry Operation . . . $^
For AC Operation $70
Other floor .mvl table models up to $175.
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11 #

IT-

TUN ABIE
I F STAGES

400

MILES

IN

2000

MILES

AT

DAYLIGHT
NIGHT

THE Lincoln 8-80 gets its remarkable results from a new principle as simple as it is radical — just merely that you tune the "onespot" intermediate amplifier stages after your set is built, instead of our doing this at the factory when we don't know how you're
going to build your particular set! If you've ever built a super, you
know what it is to use "laboratory matched" transformers that turn
out to be away off when your set is done — you get squeals, broad
tuning, station repeats — but try as you will, you are at the mercy of
"factory matching."
In the 8-80 four screen grid tubes are used, three in the tunable
"one-spot"
And that'seach
the with
heartitsofownthe little
set.
In it are fourintermediate
new Lincolnamplifier.
101 Transformers,
tuning knob on top. And when you finish building your set you
don't
pray that
is matched
just conditions.
turn the knobs
and match
it foryour
youri.f.ownamplifier
particular
tubes and— youcircuit
And at the same time you are correcting for all variations in peak
frequency due to built-in transformer capacity, varying constants in
different tubes, and various capacity and feed-back reactions due to
slight differences in wiring layout — all these things which have helped
to ruin the team-work of so many sets of "lab oratory -matched" transformers. Every such influence is immediately overcome, once you
have tuned the four stages to peak with each other. To do that is
just as simple as tuning once the several dials on a t.r.f. set — and when
it's done once, your i.f. stages are permanently matched. Then if you
want to change your intermediate frequency, you can do so by another turn of the same four knobs — selecting anything from 300 to
500 kc— isallentirely
"one-spot"
frequencies.
Yet that
this hasobviously
sensiblein
amplifier
different
from anything
been offered
the past.
Not alone in selectivity, though, is the 8-80 supreme. Its new

CN
A 1<S-rC©T
ANTENNA!
J INSIDE A STEEL BANK BUILDING
Clough audio system gives it better tone, more volume and less distortion than any old-st>le transformers possibly can — an effective
transformer ratio averaging 4.4 to 1 — 30% greater in each stage than
many more expensive transformers. And with all this — a true tone
fidelity, giving positively uncanny realism.
Even for "eye value" — hardly to be hoped for in the average super
— the 8-80, when neatly housed in the beautiful Lincoln 112 twotone metal shielding cabinet '39.25 extra) compares favorably in
appearance with the most beautiful factory jobs.
It is these features that make the 8-80 the sweetest eight-tube
super you've ever tuned. And that it positively is. In the Lincoln
offices in a steel-reinforced-concrete building — the most difficult type
for radio reception— the 8-80 plays stations 1000 to 2000 miles away
on a hot summer night, and several hundred miles away during the
day! All this is with all Chicago stations operating, and with only a
15-foot inside antenna! Pittsburgh, Davenport, Nashville, New
Orleans — generally these and more come in without any antenna at all!
The price of the complete kit for the 8-80 is #92. 65. And the
set you build from it will give these same results, for every set built
tunes easily and positively to peak efficiency, thanks to the new principle of William H. Hollister — an old-timer in the game who demonstrated "wireless" to college professors before Marconi first bridged
the Atlantic. And all his experience, ranging over a quarter of a
century, has gone into the 8-80. It ought to be some set — and it is!
Lincoln guarantees that the 8-80 will give better results than any
other eight-tube super you can build!
If you want an evening full of straight-from-the-shoulder superheterodyne dope written by an engineer who has played with every
super going in the last few years, send 25 cents for William H. Hollister's "Secret of the Super," using the coupon below.

Have you seen the new Lincoln power supplies? There are two: one for H voltage only and one for A, B, and C voltage for AC tubes. Each one comes in a beautiful brown crystaline steel shielding case. 'B current of 50 to 60 m.a.
plenty for any 10 tube set— at 180 to 200 volts, with 22V2> 90, and 135 available— also 22-90 variable. Type HOB
lists
at $36.00.
at $39.00. They're fully guaranteed, and are described in detail in the big catalog which
the coupon
belowtypewill110ABC
bring you.
LINCOLN

ENGINEERING

SERVICE

ON

STANDARD

KITS

We can supply promptlv all high-grade kits such as
Silver-Marshall Products
Scott World's Record Super
H. F. L. Isotone
Tyrman Radio products
LINCOLN

329

SOUTH

Setbuilder agents are wanted in every
community. We have a most interesting plan which you will find highly
profitable.
Write for complete details,
or use the coupon.

RADIO

WOOD

ST.

—

CORPORATION

CHICAGO

LINCOLN RADIO CORP., 329 South Wood St.. Chicago. 111.
Send me your big free catalog, listing a complete line of
1929 kits
customdetails
building.
Let mefor have
of your agency plan.
Enclose find 25c. for which send me William H. Hollister's new book, "The Secret of the Super."
Name

- ILLINOIS.
Mail the
coupon
NOW!
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What

Leadership

S-M parts,
going to have
the selectivity
that
makesyouallknow
the it's
difference
between
satisfying
reception and a scramble of interference. And new
coils, condensers, and shields insure even more
selectivity than ever before in the new kits announced
on
the following
pages.selectivity
In thesenecessary
you'll find
the
positive
10 to 15 K.C.
to give

Selectivity — demonstrably sharper

leadership
today — and they're all sure-enough
leaders!
Distance, too, you've gotten with S-M — but the
new S-M designs are even more powerful distancegetters.
Take the
short-wave
Four — bringing
in five
continents"Round-the-World"
in an evening, or
the Sargent-Ray ment with its 100-station record
made on a hot evening. Or take the leader of them
all, the Screen Grid Six, which, on test, has left
supers, regenerative hook-ups, multi-tube t.r.f. sets —
all far behind. On distance alone — forgetting all
other factors — S-M kits lead the field.

—
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Tone quality — that's where S-M stands supreme.
At the Trade Show in June, Silver-Marshall, already
famous as the manufacturer of the never-excelled
220 audio transformers, surprised the radio world
by demonstrating entirely new audios, built on a
totally different principle, and placing S-M at least
two years ahead of all competition. Just as you would
not think of buying today an audio amplifier two
years old — so you can today buy tone quality just
two years ahead when you use S-M audios. S-M
leadership in quality accounts for S-M's actual
leadership in sales — and big sales mean low prices.
Four short years have brought the S-M trade-mark
to
firstpossible
place — in
the that
radiobetter
parts radio
and
kit dominance
field — the —best
proof
for less money is to be had from S-M. Today, as the
methods are increaseconomies
ingly
passedof onS-Mto production
you, it becomes still more overwhelmingly true that, with S-M parts, you can build
it better and cheaper.

you don't wish
huild,implies,
yet want
be custom-made,
theIf advantages
thattothis
S-M your
will radio
gladlyto refer
your inquirywithto all
an
Authorized Silver-Marshall Service Station near you. If, on the other hand,
you build sets professionally, and are interested in learning whether there
are valuable Service Station franchises yet open in your territory, please ^vrite
SILVER-MARSHALL, INC.
838 W. Jackson Blvd., Chicago, lit.
....Send Complete Catalog — FREE, with sample
copy information
of "The Radiobuilder."
. . . Send
about the S-M Authorized
Service Station franchise.
. . . .Enclosed is 10c for five selected S-M constructional Data Sheets on new products.
....Enclosed is 50c for the next twelve issues of
"The
Radiobuilder"
twenty-five
issues). (or $1.00 for the next
Name
Address

receivingprovides
"The Radiobuilder"
regularly?
Publishedon every
month,
thisArelittleyoumagazine
you ^^<ith the earliest
information
forthcoming
S-M developments, and ^vith operating hints and kinks that ^vill help you to
let the most
out of each
radio. month,
To S-MfreeAuthorized
Service
Stations, all"Thenew Radiobuilder"
mailed
of charge,
together
Data
Sheets
andis Service
Bulletins
as they come
from press.
To allwithothers
a nominal
charge is made; see coupon.
SILVER -MARSHALL,
INC.
838 W. JACKSON BOULEVARD, CHICAGO, U. S. A.
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Screen

Ifears

Grid

biggest

Six

Value!

OF

ALL the radio sets the S-M Laboratories have ever tested, of
all the sets that have borne the S-M endorsement in the last
four years — yes, of all these and more — we believe the new 720
Screen Grid Six to be the finest all-around set of them all.
That's a man-sized recommendation. And you can bet it's some set
when S-M gets squarely behind it and tells you that you'll find the
biggest radio value today in this new Screen Grid Six. This is as it
should be, for the new receiver is a simplified and improved design
of the Shielded Grid Six that took the country by storm this past
winter and spring — the only receiver that anyone ever dared to
offer with an unqualified guarantee of absolute satisfaction or your
money back! And now S-M tells you that the new Screen-Grid Six is
an even better set!
It's the
kindandof positive
a set youfitting
can build
in anAndevening,
with begin
its pierced
Did you ever see as much actual screen grid
metal
chassis
assembly.
the thrills
when
radio value for only $72.50?
you put it on the air. Station after station will come in with local
volume, you'll really find positive 10 K.C. selectivity; and tone — well,
like those who have tested it already, you just won't be able to help
sitting back and telling the world "Baby, that's a radio set." Three stages of tuned,
shielded screen-grid R.F. amplification, a detector, and two stages of the new S-M
audio transformers that took the RMA Trade Show by storm— two vernier drum
dials in a beautiful antique brass control escutcheon, individually copper-shielded R.F.
circuits, a rigid die-cast gang condenser — look these features over and you'll realize
why the 720 cuts through Chicago regularly to New York, California, Canada and
Texas stations, why it gives 10 K.C, selectivity and almost unbeatable DX.
Remember that S-M backs the 720 to the limit — assures you that you can't get more
actual radio at twice the cost. And — S-M passes on to you right now the production
savings of a big season, and prices the 720 kit at only $72.50 complete, or $102.00 custombuilt with cabinet. For the kit, the new metal shielding cabinet is $9.25 additional.
Better
get your
order in now — 720's will be scarce as hen's teeth pretty soon, judging
from
present
demand.
Here are the trimmest short wave sets ever
—•the new "Round'the-World" kits.
Tune

Over the "Thrill Band" with
an S-M Short Wave Set

HAVE you had your taste of the "thrill band" — the wavelength band from 17 to 200 meters? Down on
these low waves are the foreign broadcasters — English 5SW with Colonial programs — Dutch, French,
German and other rebroadcast programs. Down there you can hear KDKA, WGY, and WLW programs
when static blankets out their regular waves. And television — the low wave band is its busy nursery.
You can hear amateurs in almost every country, all in an evening — i/you have an S-M "Round-the- World"
short wave set. S-M "Round-the-World" kits build up into such neat, trim, snappy receivers — with screen
grid
R.F. one.
amplification, and one dial tuning — that you just can't help getting the thrill of your life as
you tune
The "Round-the-World Four" is a complete four-tube regenerative (non-radiating) short wave receiver
kit with aluminum shielding cabinet. It has one screen grid R.F. stage, a regenerative, non-radiating
detector, and two high-gain Clough audio stages. It tunes from 17.4 to 204 meters with four plug-in coils,
and has brought in five continents in an evening. The kit is $51.00, complete with cabinet, coils, and full
instructions — ready for immediate shipment.
The 731 "Round-the-World" Adapter is the two-tube, R.F. amplifier and detector, less the two stage
A.F. amplifier of the above set. With an adapter plug, it converts any set to long-distance short wave
reception. Price, complete with cabinet and four coils (17.4 to 204 meters) $36.00. The 732 "Round the
World" Essential Kit contains the two tuning and tickler condensers, the four plug-in coils, coil socket,
and three R.F. chokes, with full instructions for building a one, two, three or four tube short wave set.
It costs but $16.50 complete.
Choose any one of the three kits you prefer, and step out into the "thrill band"!

New 5-prong plug-in
coils,
for short
broadcast
w a vand
e ofs.
Wound on forms
threaded, moulded
bakelite.

Fill in the coupon on first page of this advertisement, and mail it now. It will
bring a big free catalog telling about these and other S-M circuits and parts.
SILVER-MARSHALL,

INC.,

838

West

Jackson

Blvd.,

Chicago,

111
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STATION

TEN

EVERY

KILOCYCLES

A

'

STATION tuned in for every ten kilocycles — a hundred stations
heard in one summer evening, in the heart of Chicago interference —
that is the performance record of the 710 Sargent-Rayment Seven
— latest masterpiece of these inventors of a unique receiver system of past
popularity.
The 710 Sargent-Rayment Seven is a precision laboratory radio receiver
for the veteran fan. It has been designed thruout as such. It is like a battleship stripped for action, shorn of every piece of surplus gear. The thick
aluminum shielding and chassis, finished in satin silver and trimmed by
black instrument name plates with white engraving gives to the appearance
athebeauty
and dignity
with the
set's circuits
fine performance.
Electrically,
receiver
consists inofkeeping
five sharply
tuned
in a four stage
screen
grid R.F. amplifier, all tuned by a single illuminated drum, and provided
with individual verniers. One knob turns the set on and off, and controls volume from zero to maximum. There are no other controls. Following the R.F. amplifier are the detector and the A.F. amplifiers, using the famous 220 S-M audio transformers which
provide unequalled tone quality and high volume in a perfect circuit balance. Each circuit is individually shielded, bypassed, and
isolated from all others. The set goes together simply and positively, with clear direct wiring. It is a ioy to build, so workmanlike
is its design and layout.
To the fan who appreciates and values really fine performance, in a truly precision receiver of great individuality and distinction,
we unhesitatingly recommend the 710 Sargent-Rayment Seven. The kit for this receiver, approved by the designers and exclusively
manufactured by Silver-Marshall, Inc., is priced at $120.00 complete with cabinet.
Note: All S-M distributors are being supplied as rapidly as possible ^vith the Approved Sargent-Rayment kit, but since speed
of production is necessarily limited by the extreme precision required in every part of this unique receiver, orders should be placed
at once by those desiring to be early on the ground with the Sargent-Rayment Seven.
Audio
740

COAST-TO-COAST

FOUR

TO the thousands of fans for whom the four tube, R.F. amplifier, regenerative detector and two stage audio amplifier is
the time-tested standard of receiver comparison, the new
Silver-Marshall Coast-to-Coast Four offers the finest performance yet attained with this remarkable circuit. A screen grid
R.F. amplifier stage, immeasurably finer coils than ever before,
the new Clough high-gain
audio system, and an all-metal
assembly like those of the finest
of ready-made sets, make the
"740" the biggest $51.00 worth
of radio
ened to. set you've ever listThrough summer static, the
Coast-to-Coast Four plays on
the speaker New York, Florida,
Texas, and California stations,
cutting through local Chicago
interference only 10 or 20 K. C. away. Its tone quality is such as
only S-M transformers can provide. Housed, like the 720 Six,
in the new S-M 700 table-model metal shielding cabinet, it
harmonizes beautifully with any home furnishings.
Despite this demonstrated superiority, in every respect, over
all other sets in its price class against which we have tested the
740, the complete kit of all approved parts costs but $51.00;
or the 740AC kit, $53.00 complete. The 700 cabinet is $9.25
additional.
We go emphatically on record that no matter what set you
build or buy, the 740 Coast-to-Coast Four is the best dollar for
dollar value you can find around fifty dollars. It goes together
easily and simply, performs with a vengeance, and for the
professional setbuilder provides a low-priced set that will outdemonstrate ready-made sets at twice its price.

Transformers

just Twol/earsinJlduancef
WHEN
the bewildering
the 1928
radically
S-M
audio transformers
burststory
uponof the
R. M. new
A. Trade
Show it brought incredulous wiseacres to the test bench where
they were being tested against the highest priced instruments
on the market. One man after another turned away, convinced
beyond question that here was the greatest actual advance in
quality of reproduction brought forth in years.
These new S-M audios are the firs transformers to give
freedom from the hysteretic distortion found in all other types.
They've
got tone,
punch ever
and have
volume
will make
you gasp less.
and
wonder how
you could
been that
content
with anything
The new S-M 225 first stage and 226 second stage types at
$9.00 each are utterly unequaled. Their two stage curve is
shown at E, with its rising base characteristics and 5,000 cycle
anti-hiss cut-off. The smaller 255 first stage and 256 second
stage types are unconditionally guaranteed finer than all others
on the market. Compare their curve D to three sets of standard
eight and ten dollar transformers at A, B, and C under equal
operating conditions.
S-M transformers have been acknowledged leaders for two
years— now these new types again place S-M performance just
two years ahead of the best — yet you can have this finer performance in every set you build, or install it
in your former
present
costs! set, at less than average trans-

Fiil in the coupon on first page of this advertisement,
and mail it now. It will bring a big free catalog
telling about these and other S-M circuits and parts.
SILVER-MARSHALL,
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Tube
Grid

laboratory

tfeeeiwr/

Nine Tubes with Screen Grid Efficiency!
THREE stages of screen grid radio-frequency amplification, a
screen grid first detector, two stages of 65 kc. intermediate
screen grid I.F. amplification, and a super-powered second
detector — all copper shielded — working into an audio stage using
the new Clough system — no wonder the 1929 Laboratory receiver
spins rings around the best of superheterodynes!
And all of this tremendous amplification, with selectivity that
makes stations literally snap in and snap out, is under the control
of two vernier drum dials, and a "volume" and a "sensitivity"
knob. No wonder it's easy to bring in stations from Maine to
Florida, Texas, California, and Canada all in an evening. No wonder a log of a hundred stations can be piled up with this ultraselective, extraordinarily-sensitive screen-grid super that has outperformed every other superheterodyne tested against it!
For the fan who wants real "super" results without squeals and
station repeats clogging up his dials, the Laboratory Super is the set. Just imagine a super that can be tuned from one end of the
dials to the other right in Chicago without a single local station repeating, and yet be able to use a 65 kc. intermediate frequency
with all the tremendous amplification this frequency, plus screen-grid tubes, gives. No wonder the new Laboratory Receiver is
the set you've been looking for — a set so sensitive that you can out-demonstrate any other super with it at any time at all. And
it has the ultra-fine tone that can be gotten only from the new S-M audio transformers and a stage of external light socket, pushpull 210 or 250 Unipac amplification, the highest powered, finest toned amplification money can buy!
If you've built lots of supers, and know what real results are, this set will give you a new thrill for distance, selectivity, tone.
Despite its absolutely startling performance, the parts, mostly of S-M manufacture with all that this implies, cost but $95.20
complete, less Unipac amplifier which is not absolutely essential. And the overwhelmingly superior results that the Laboratory
Super will give, no matter what you compare it with, make it outstandingly the finest superheterodyne money can buy.
Unipac

Power

Amplifiers

Single Stage Unipac Amplifier
Either of two S-M single stage power amplifiers replaces B batteries on any
receiver and adds a stage of super-power amplification. Type 681-210, the most
powerful amplifier made, uses 2-UX210 or UX250 power tubes in push-pull,
two UX281 rectifiers, and a UX874 regulator tube. It supplies 45, 90, and 135
volts
B to theorradio
A lower-powered
unit with
is the the681-250,
only
one UX210
UX250receiver.
amplifier
tube, but identical
681-210using
in other
respects. Price, 681-210 WIRED push-pull Unipac $102.00; or 681-210 KIT,
$87.00. Both are ideal for the Laboratory super. Price, 681-250 WIRED
Unipac $96.50; or 681-250 KIT, $81.50.
Two Stage Unipac Amplifier
Two complete two stage super-power Unipac Amplifiers, for amplification
of radio set detector output or phonograph record pickup are the finest and
most powerful of their types. Type 682-210 uses one UX226 first stage tube,
two UX210 or UX250 super-power tubes in a push-pull second stage, two
UX281 rectifiers, and a UX874 regular tube. It supplies two stages of power
amplification and 45, 90, and 135 volts B power for a receiver, and A.C
filament power too. Type 681-250 is the same Unipac except that it uses only
one UX210 or UX250 tube in the last stage. 682-210 WIRED push-pull
Unipac lists at $117.00; or 682-210 KIT at $102.00. The 682-250 WIRED
Unipac lists at $111.50; or 682-250 KIT at $96.50 ready to assemble.
Public Address Unipac
For coverage of crowds of 1,000 to
10,000 people, indoors or outdoors, with
one to twelve loud-speakers, the 685
Public Address Unipac is the only lightsocket amplifier now available. It uses
one UY227, one UX226, one UX250,
and two UX281 rectifiers in three stages
for microphone, radio, or record pickup amplification.
is the ideal amplifier
self-contained, portable orItpermanent
for conventions, theatres, churches, etc.
Price 685 WIRED Unipac, $160.00; or
685 KIT, ready to assemble, $125.00.

MEDIUM
AND
POWER

B and ABC Power Units for
Radio Sets
S-M 670B Reservoir Power Unit has five
different B voltages, of 22, 90, 135, and 180
volts fixed, and one variable voltage ranging
from 22 to 90 volts. It will deliver up to 60
M.A. to operate any standard receiver, and is
specifically recommended for S-M receivers.
Type 670ABC is the same unit with Wi,
2\4 and 5 volt A.C. filament supply added,
and is a complete ABC power plant for any
A.C. tube equipped receiver. Both use one
UX280 rectifier. Price, 670B, WIRED, $43.50
or in kit form $40.50. Price 670ABC power
supply WIRED, $46.00, or, in kit form,
675ABC High Voltage Power Unit
$43.00.
Type 675 power unit is a high voltage power supply delivering 450 volts
maximum. It is provided with an adapter which allows a UX210 or UX250
super-power
to be22 used
stage of any
at all,450to volts
whichB
the 675ABC tube
supplies
fixed,in22theto last
90 variable,
and receiver
90, 135, and
power, as well as A and C power for the power tube, and 1J4 and 214, volts
A.C. for A.C. tube filaments if used. It is the biggest power unit value ever
offered, tube*
and costs but $58.00 WIRED, or $54.00 in kit form, less one UX281
ectifier
676 Dynamic Speaker Amplifier
This is a single stage power amplifier especially for use as a third stage,
after any radio set, to boost volume and tone to give extra fine results with
standard dynamic loud speakers. It uses one UX281 rectifier and one UX250
super-power amplifier, and has binding posts for receiver output connections,
loud-speaker
cord dynamic
tips, and speakers
also for the
dynamic
fier operates any
having
a 90 tospeaker
120 voltfield.DC Thefield,675to Ampliwhich
it supplies necessary power. Added to any set equipped with a dynamic
speaker, it will provide a marvelous improvement in tone and volume. Price,
676 WIRED, $55.00; or 676 in KIT form, $49.00.

We carry for your convenience a complete line of S-M Radio Parts and Kits, including
all the big new headliners for immediate shipment: 720 Screen Grid Six Kit, $72.50; 720)
Custom-Built Receiver, $102.00; 710 Sargent-Rayment Kit, $120.00; 740 Coast-to-Coast
Four Kit, $51.00; 730 Round-the-World Four Kit, $51.00; Complete Parts for 9-tube 1929
Laboratory Receiver $95.20. Any of these can be shipped at once, as uiell as the new XJnvpacs, power supplies, audio transformers, and other parts. Our new catalog will be a revelation to you— use the coupon and get it now! LIBERAL DISCOUNTS TO THE TRADE.
SETBUILDERS

SUPPLY

CO.

HIGH VOLTAGE
SUPPLIES

^ggigSg

Chicago

' Setbuilders Supply Co.
IChicago,
Romberg III.
Bldg., Madison &. Market Sts.,
Send me at once, free, your new catalog
listing S-M and other radio parts, cabinets,
consoles, and accessories of highest quality.
I Name
-j Address .
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FOR a long time, readers of Radio Broadcast have been
confused in buying the magazine on the newsstands because the magazine arrives on the newsstands on the 15th of the
month and is dated the month following. That is, this issue,
which is dated September, is on sale August 15th. In order to
avoid confusion, beginning with the October Radio Broadcast
each issue will be on sale on the first of the month. Look for your
October issue on the first of October.
AT NO time since Radio Broadcast first appeared, which
was in May, 1922, have so many letters of praise trooped
into the editorial office. A great many of our readers are good
enough to write us, telling exactly what they like in the magazine, and why. "Strays from the Laboratory," "Radio Broadcast's Home Study Sheets," and the "Service Data Sheets on
Manufactured Receivers" are sharing honors at present. The
"Home Study Sheets," the newest addition to the magazine,
have been prepared because we have felt for a long time that
radio readers wanted guidance in making their own home experiments. These "Home Study Sheets" are prepared by Keith
Henney, director of the Laboratory. Both the author and the
editor will be pleased to hear from readers who have suggestions
on how the "Sheets" can be made more valuable to them.
IN 1925, when Carl Dreher was induced to begin preparing
his department, "As the Broadcaster Sees It," the broadcasting art was very different from what we find it to-day. Since that
time, more than 170,000 words dealing with broadcasting —
both from the engineering and aesthetic point of view — have
appeared under that department heading. The newest development of interest to the engineer and others associated with
broadcasting and its problems is the talking movie. Beginning
with October, Mr. Dreher's department "As the Broadcaster
Sees It," will branch out. In addition to the material on broadcasting, which we are assured is widely useful, Mr. Dreher
will treat of talking movies and in later issues of other fields
closely related.
MANY of our amateur friends have hailed with delight the
first article in the series of special short-wave contributions byRobert S. Kruse, formerly technical editor of £JST.
In the August Radio Broadcast, Mr. Kruse's first article appeared, dealing with the general aspects of 5-meter transmission.
For our October number, Mr. Kruse expects to describe the construction and operation of an efficient and inexpensive batteryoperated transmitter.
THE radio
that much
a few simpler.
simple instruments willservice
make hismantaskhasinfound
the field
Many
service
men
wrote
us,
praising
Mr.
Messenger's
article
the
July issue which described his set tester. On page 273 ofin this
issue, a simpler unit is described which is useful for service men
and those who would like to own a compact tester for general
home experimental service.
WE APOLOGIZE for an error of our draftsman which we
allowed to escape us in Fig. 2, page 218, Radio Broadcast for August in the article describing an r.f. stage for any
set. The diagram will be correct if the reader removes the short
A-battery.
vertical line which — now — short-circuits
— WillistheKingsley
Wing.
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England Tackles the Multiplex Channel Problem
The simultaneous transmission of two high-speed telegraphic services
and one telephone service over the same wavelength
244 Station
was recently demonstrated with this apparatus at the English Beam
at Bridgewater. The demonstration, which was
made in the presence of David Sarnoff, Vice-President of the Radio Corporation of America, was conducted between stations
at Bridgewater, England {receiving) , and Montreal, Canada {transmitting). Mr. G. A. Mathieu, who collaborated with
Senatore Marconi in designing the system, is shown speaking into the telephone. It is claimed that this apparatus diminishes
fading to a great extent, and thus gives constant volume of speech and signals. The engineering details of the system employed are not available at present.
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A FILTER THAT SAVES 5 KILOCYCLES
This picture shows part of the speech input, modulating, filter and amplifying
apparatus at the Rocky Point station of the Radio Corporation of America,
where radiotelephonic transmission to Europe is carried on. The filter suppresses
the carrier wave and one of the side-hands, thus halving the width of the channel
necessary for transmission

Can

We

Multiplex

Our

Radio

Channels?

By Albert F. Murray

THE progress of radio in the past has
been so rapid, due to scientific
genius and manufacturing skill, that
a large part of the American public is now
in the frame of mind in which it believes
that almost anything is possible in the
way of future developments. This attitude is held not only by the lay enthusiast for radio, but by some serious
experimenters and technically minded
men. New developments are expected to
be realized almost by magic, and technical problems of the most difficult nature
immediately solved by some new product
of the inventor's skill. So it is that whenever some advance is made in radio, the
press and the public immediately greet it
as the herald of a new radio Utopia, without consideration of what technical, practical, or manufacturing obstacles are in
the way.
We can understand then, in view of
this attitude, the great stir of interest
which some time ago was occasioned by
press reports in which a well-known radio
engineer outlined a "double tuning" system which was said would multiply each

rJ~*HE solution of the problem of broadcast congestion is
perhaps the most pressing of the needs of the broadcast
listener to-day, and many people seem only too willing
to believe that the solution will come, mysteriously, from
some new invention. And so, when Dr. Lee DeForest
some time ago made the statement that some 500,000
radiotelegraph stations could be disposed on the short-wave
channels from 10 to 200 meters by means of a system of
"double modulation," the press and general public believed that the long expected solution of the broadcasting
problem was solved, and "double modulation" would soon
multiplex all radio channels.
Mr. Murray considers the multiplexing of radio channels by means of "double modulation" from a technical
and practical angle, shows how the system works, exactly
what advantages may be realised from it, and what defects
have kept it from being used so far. A method of multiplying channels — that of "single side-band" transmis ion— is also examined in a similar way. It is this
second method which Mr. Murray
245 considers most possible,
its present practicality being limited, by the need of
skilful operation and precision instruments.
— The Editor.
ale*

of the present radio channels by 100, thus
making room for all those who are clamoring for space in the crowded ether. Concur ently, the question of finding space in
the short-wave bands for the radio traffic
of many corporations and private enterthe attention
of the result
Federalprises
Radio engaged
Commission.
The natural
is that many of the radio public are now
asking, "Is there really anything in these
newRegarding
radio systems?"
the proposed "double tuning" system, suppose we consider these
questions: Is it a new or novel system?
Will it multiply the existing radio channels? Are there good chances of this system being used in our country? How can
more radio channels be made available?
IS THE SYSTEM NOVEL?
FIRST, the system referred to in the
pressmore
reports
as "double
tuning"
usually
accurately
described
by theis
name of " double modulation" or " multiplex radio telephony." In radio, "modulation" means the " moulding" of the radio
wave at the transmitter by voice frequen-

i

Oscillator

FIG.

RADIO
Modulator

Oscillator

I. A DOUBLE MODULATION SYSTEM

This diagram, which is reproduced from Morccroffs "Principles of Radio Communication," shows a circuit for transmitting by the double modulation system
WHAT IS A RADIO CHANNEL?
cies picked up by the microphone. The device which allows the voice to he superis a band of radio frequenimposed upon the radio wave is called the A RADIOcies, thechannel
width of which is determined by
"modulator." The idea of double tuning or the type of transmission. Two such channels
double modulation applied to a radio transmitlocated in the broadcast
ter was shown in a patent by John Stone Stone diagramatically
in Fig. 2. "spectrum" are shown
more than 17 years ago. Just who was first to
The word "spectrum," which is often emdisclose a complete workable system, the
ployed inthe study of light waves, has found inwriter does not know; but a sytsem similar to
creasing use in connection with radio waves. This
that described in the press reports was built by is because a continuous electric wave appears in
the Western Electric Company for the U.S.
the radio spectrum as a straight line, located at a
Navy prior to 1919. A description of this multi- certain point in the frequency scale, exactly as a
plex radio telephone system was given by Craft
light line having a single color stands out in the
and Colpitts in the Proceedings of the A.I.E.E.
light spectrum. Fig. 2 shows the location of the
(about 1 9 1 9). For several years preceding and
two radio channels assigned by the Federal
following this date, John Hays Hammond, Jr. Radio Commission to stations wjz and wnac.
was interested in double modulation systems,
Each channel is designated by a number, which
and his engineers developed complete multiplex
corresponds to the frequency (in kilocycles) or
radio telegraph installations which were tested
to the wavelength (in meters), of the point at
by the U.S. Signal Corps and the U.S. Navy.
which the center of the channel is located. Thus,
It was while doing development work and re- looking at Fig. 2 we can say station wjz (New
search on these sets that the writer first became
familiar with double modulation systems. In York) operates on the 660-kc. channel and wnac
(Boston) on the 650-kc. channel.
Since the width of radio channel depends upon
Morecroft's Principles of Radio Communication
(pages 680-83, 1st ed.) written in 1921, complete
the type of transmission, a list of channel widths,
diagrams for a double modulation system are
in frequency, required by three well-known types
shown. One of these diagrams is reproduced
of transmission is given as follows: (a) Radio
in Fig. 1. If the reader is interested in the telephony (broadcasting), 10 kc; (b) Interrupted
actual connections to use in building such
tone-modulated c.w. telegraphy, about 2 kc;
a transmitter or receiver, he is referred to or
(c) Unmodulated c.w. telegraph, less than 0.3 kc,
these pages.
depending upon the keying speed (words per
Just a few random references to the use of minute). These widths remain the same whether
multiplex radio are given here. The engineer
transmission takes place in the longer or shorter
recently advocating its use, being a well-known
wavebands, assuming precautions are taken to
pioneer in the radio field, famous for his invenmaintain the frequency of the radio generator
tions, must not have intended to claim novelty
constant.
for this system. However, reporters of his adThe present broadcast spectrum extends from
dress did infer that "double tuning" is new.
550 kc. to 1500 kc. In order to provide for the
maximum number of transmitting stations each
Before answering the next question, "Will
double modulation multiply all existing radio channel is limited to 10 kc, the minimum width
channels?" it is necessary to describe briefly the which will give satisfactory reproduction of
arrangement of our present broadcasting system
music. The total number of channels available
so as to form a background against which differ- on this basis is 95. With our present serious
ent systems may be viewed and compared.
station interference and hundreds of would-be
broadcasters waiting for space in the ether,
WNAC WJZ
the question of the most economical use of this
band is important, and it is this problem which
we are considering.
THE RESULT OF MODULATION

FREQUENCY IN K.C
FIG. 2
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WITH the help of Fig. 3, which shows one of
the radio channels of Fig. 2 magnified, let
us examine the nature of the wave disturbance caused in the ether by a radio telephone
transmitting station. We will suppose that the
spectrum resulting from a transmitter (such as
wjz) is shown here. When the microphone is idle,
that is, no modulation taking place, the radio

1928

frequency carrier wave only is radiated. This is
accurately located at the assigned frequency of
660 kc, and is represented by a single line in the
spectrum. Now suppose the microphone at the
station is energized by a steady musical tone of,
say, 1000 cycles; the result is the formation of
so-called "side-bands" shown in Fig. 3 by the
shorter lines on either side of the central carrierwave.
Digressing for a moment, if this is a picture
of the frequency spectrum from a transmitter,
how is it that we can hear at the receiver the
musical tone impressed on the microphone? The
reason we hear the 1000-cycle tone is because
after the carrier-wave and either side -band has
entered the receiver, they "beat" together in
the detector (or de-modulator) circuit, and produce a tone of the original modulating frequency. This explanation of why the radio telephone receiver "works" is somewhat different
from that usually given in popular radio articles
which
omit the
important
of "beats"
the detector
circuit
and do point
not explain
the needin
of
the
presence
of
the
carrier-wave
at the
receiver.
The process of modulation at a radio transmit er isfairly complex, but it is not necessary
for the reader to go into the mechanism of modulation inorder to understand some of the simpler
results of the process. It is necessary, however,
to accept the fact that when a carrier-wave is
modulated, upper and lower side-bands appear
as shown in Fig. 3. Each of these is spaced from
the carrier-wave by an amount equal to the frequency of the modulating tone. From this fact
it is evident that, the higher the pitch of the
musical note striking the microphone, the
broader will be the band in the ether occupied by
the transmitter at that moment. Those persons
complaining that one local broadcasting station
is much "broader" than another should note
this point. Usually the alleged "broadness of
wave" of a particular transmitter is due to the
broader tuning of the listener's receiver at this
frequency or to the greater power radiated by
this particular transmitter.
If neither of the stations shown in Fig. 2 ever
used modulation frequencies above the highest
on the ordinary piano keyboard or the highest
reached by the piccolo (that is, fundamental
frequencies of about 4600 cycles) there would be
no overlapping of one station into the channel
of the other — provided, of course, both carrier
waves were on their assigned frequencies. In
many transmitters sudden modulation peaks
may cause momentary shifting of the carrier
frequency or other effects, resulting in intermittent interference being noted in neighboring
radio channels.
It is understood, of course, that from the tone
quality standpoint it is desirable, if permitted,
to transmit modulation frequencies of higher
than 5000 cycles because harmonics of various
musical instruments range above this figure.
And these add a great deal to the naturalness
of broadcast music
We have now defined a radio channel, shown
■ 1
1*
'

Lower side.

1
1
1

10Carrier-wave
K.C.Chan
nelBand

1
1
1
Upper side
1
j Band
1
FIG. 3
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the assigned frequency, which
that its width for broadcasting
we will take in this example as
is 10 kc., and shown that the
660 kc. Spaced equally, on
side-bands, which vary in reeither side, are the upper and
sponse to the voice frequencies
lower i.f. waves separated from
from 50 to 5000 cycles, occupy
the full width of this channel.
the carrier by the selected
intermediate frequency of 20 kc.
We are now ready to consider
Associated with each of these
the more unusual system of
double modulation, sometimes
are the usual upper and lower
a.f. sidebands separated from
called "secret radio," "selecthe i.f. line by 1000 cycles,
tive signalling," and "double
since, at the moment this radio
tuning."
spectrum was recorded, it is
THE DOUBLE MODULATION
assumed that a steady 1000SYSTEM
cycle note was sounded at the
A BRIEF outline of such a
microphone.damental
If the
funmusicalhighest
note were
system will be mentioned
so that the reader will underplayed (about 5000 cycles),
stand how double modulation
these side-bands would move to
can be used at an experimental
a position such that the two
outermost bands would reach
broadcasting station employing
the dotted lines which indicate
this system.
the limits demanded by a
Instead of modulating the
usual carrier wave by audio fresingle channel when the doublemodulation system is used. We
quency currents, an intermedinote from Fig. 5 that this width
ate frequency (i.f.). above the
is 50 kc. Compare this with
limit of audibility — say 20,000
the ordinary broadcast channel
cycles — is used. This intermeshown in Fig. 2, the width of
diate frequency is, in turn, modwhich is only 10 kc.
ulated by speech frequencies.
Let us take this a step
The resultant is a modulated
AT THE RECEIVING END
carrier wave superimposed
farther, both because it is interesting to see what happens
upon another carrier which is
This apparatus is part of that used for the reception of single side-ba>ul signals at the
Hoitlton, Maine, station of the American Telephone & Telegraph Co. The operator at the in the ether when a single
radiated in the usual manner.
right is adjusting the apparatus used to pick up the signal, and the man at the left is carrier-wave is multiplexed so
In receiving such a doubly
responsible for the wire line to New York
modulated wave, it is necessary
as to carry several simultaneto tune to and detect the radioous conversations and also bereceivers. For this reason, engineers term such
frequency carrier wave, which could be, say,
cause we find that when more than one interme660 kc; then tune to and detect the intermediate
diate frequency is used the frequency band per
"semi-secret."
Some readers
will doubtless ask the question,
frequency of 20 kc. and, if desired, amplify the a system
conversation is less than 50 kc. wide.
Fig. 6 shows the location of the spectrum lines
audio-frequency signal resulting from the "What about the super-heterodyne — it possesses
second detection.
resulting from the simultaneous transmission of
an
intermediate
tuner
and
detector."
To
convert
A transmitter and receiver that work in the a super-heterodyne into a double modulation
two independent audio signals, one on an intermediate frequency of 20 kc. (the lines for which
above manner are shown schematically in Fig. 4. system receiver, as in Fig. 3, it will usually be
The audio frequencies (50 to 5000 cycles) are necessary, first, to alter the fixed-tune i.f. amplipicked up by the microphone, and are impressed
fier so that it can be tuned to any desired transf-<
50K. C.Channel <-\
mitted intermediate frequency (20 to 100 kc),
on the i.f. oscillator (or generator) by means of
arrier wave
the first modulator. The modulated output of the and, second, to eliminate the r.f. heterodyning
i.f. oscillator acts on the second modulator
oscillator, which is unnecessary.
An editorial in Radio News not so long ago
arranged to modulate the r. f. oscillator (or
t.F.Lowerwave
stated that the rapid modulations necessary for
generator) so that a doubly modulated wave
I.F. wave
may be radiated from the antenna.
television could be superimposed on the present
Lower side J
Upper
Only the bare fundamentals are shown at the carrier wave of a broadcast transmitter by means
Band side
receiver; namely, an r. f. tuner (660 kc.) and of double modulation so that no additional
Upper
Band I
detector which feeds its inaudible output into an channels would be required. As we know, this
FIG. 5
i.f. tuner (20 kc.) and detector. In the output
same double-tuning system has been offered by
of the latter are connected telephones in which others as a means for greatly increasing the
630
640
650
660
670
680 690
broadcast channels now available in a given
FREQUENCY IN K.C.
/"he desired signal can be heard.
wave-band. The fallacy in both of the above
SEMI-SECRET TRANSMISSION
views will be pointed out in the paragraphs to
SINCE our radio receivers of to-day are in- follow.
are identical with those of Fig. 5), and the
tended for the reception of single-moduTHE CHANNEL NEEDED FOR DOUBLE MODULATION
second on, say, 30 kc. The point to note is that
lated signals, we do not have the second receiver
unit of Fig. 4 (i.f. tuner and detector). Hence,
'IG. 5 illustrates the radio spectrum lines the total band width here measures 70 kc, or
by the use of certain combinations at the transresulting from the radiation of a double- 20 kc. more than that of Fig. 5, which is for a
modulated radiophone transmission. In the single conversation. To summarize, we may say
mitter, intelligible signals from double modulated
center we have the r. f. carrier-wave located at the width of band required for the first multiplex
transmitters cannot be received with ordinary
channel is 50 kc. with an additional 20 kc. for
each additional channel.
We conclude, therefore, that the number of
broadcasters in any given wavelength band
would not be multiplied if double modulation
Microphone
I.F.
R.F.
Osc.
were used but actually decreased by more than
(20 K.C.)
one-half.
l! K.C.)
, Osc.
* Tuner
R.F.=-«
'(660
K.C.)
THE PRO AND CON OF DOUBLE MODULATION
& Detector
(660
Modulator
Modulator
(20 K.C.)
LACKING the ability to glimpse into the
future, we can only guide our speculations
by the technical facts that we know about the
RECEIVER
TRANSMITTER
FIG. 4
infant radio developments of to-day. By weighing their advantages and disadvantages it
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radio system. It has been the object of this article
to explain, as simply as possible, these characteristics.
THE SINGLE SIDE-BAND SYSTEM

-70 K.C.Channel

30 K.C.
20
K.C.
I.F. I.F.

620

MOST

of the advantages incorrectly attributed tothe double modulation system
can be realized in the "single side-band" system.
Great interest surrounds any workable system
which allows the same waveband in the ether to
carry, without mutual interference, twice as
many conversations as it can at present. This
is what single side-band transmission will do.
The following paragraphs answer the questions
of: What is this system? How does it work? and

20 30
K.C. K.C.
I.F. I.F.

640 660 680
FREQUENCY IN K.C.
FIG. 6

700

should be possible to form arj opinion of the
likelihood of their future adoption.
The advantages of the double modulation system are:
1. Greater selectivity and freedom from static
because of the double tuning feature at the
receiver.
2. The advantage of semi-secrecy, if desired.
Here is a system which could answer the question, "How can programs be sold to the
listener?" It is very doubtful, however, if the
listening public of the United States would react
favorably to the proposition of paying for their
radio programs.
The disadvantages of double modulation are:
1. The number of simultaneous broadcasts
(or the number of conversations) would have to
be greatly reduced because the width of radio
channel per conversation is more than double
that required for the present system of broadcasting.
2. The amount of local interference set up by
a double modulation transmitter would be very
serious if harmonics from the oscillators generating the carrier and intermediate waves were allowed to be radiated.
3. More costly and complicated transmitting
and receiving apparatus due to extra tuning controls, tubes, and amplifiers.
Minor technical disadvantages have been
omitted since these could probably be overcome
by engineering development work. So far as the
writer knows, there are no radio stations in our
country making use of the straight double
modulation system for other than experimental
purposes. If this is the case, in spite of the fact
that the system has been known for many
years, we would infer that the disadvantages
outweigh the advantages.
In concluding that our present system will
not be supplanted by that of straight double
modulation we see that the underlying reasons
for this conclusion are based principally on the
technical characteristics of this little-known

What
willside-band
it do?" transmission is the transmisSingle
sion of modulation frequencies by the radiation
of only one side-band, the other side-band
and carrier wave being suppressed at the transmitter. Refer for a moment to Fig. 3 showing the
spectrum lines of the ordinary transmitter.
At the instant Fig. 3 was recorded we assumed
that a constant musical tone of 1000 cycles (1
kc.) was impressed upon the microphone. During
a musical selection the audio frequencies, as we
know, may vary erratically and rapidly from
50 to 5000 cycles (or more). To represent the
resulting movement of the side-bands from
moment to moment, they are shown in Fig. 8
as dotted lines occupying a frequency space of
4950 cycles. Also, in this figure it is indicated
that the carrier-wave and lower side-band are
suppressed,
to
be radiatedleaving
into theonly
ether.theTheupper
widthside-band
of radio
channel required for this system of broadcasting
is less than 5 kc, or half of that demanded by
the present system. This is an important step
in the right direction.
Let us see how such a telephone signal can be
received. Due to the absence of a transmitted
carrier wave, messages from such a transmitter
would not be understandable on our ordinary
receivers. However, the carrier wave, which is
steady in frequency, can be supplied locally at
the receiver by an oscillating tube. Its transnecessary.mission through the ether is thus made unIn receiving signals from a single side-band
transmitter, using the receiver arrangement
shown in Fig. 7, the local oscillator supplying
the carrier-wave (which is no longer a "carrier")
would be set by the operator at exactly 660 kc.
to correspond in frequency with the suppressed
carrier. This must be done by ear, since if the
frequency of this local beat oscillator is even very
slightly off, the received signal will not have its
natural quality. For instance, the voice of the
best announcer could, by misadjustment, be
made to resemble that of an old woman!
Oscillator
^-supplying
^ carrier-wave

R.F.Tuner
&
Detector
Microphone
TRANSMITTER

FIG. 7

^RECEIVER (irk*

660
FREQUENCY IN K.C.
FIG. 8
To complete the answer to "How does it
work?" brief mention will be made of the apparatus at the transmitter which accomplishes the
suppression of the side-band and the carrier.
Fig. 7 illustrates the schematic outline of one
type of transmitter. The voice energy and that
from the master r.f. oscillator is fed into a pushpull modulator, so connected as to suppress the
carrier-wave (the frequency of which is determined by the master r.f. oscillator). Then the
output of this modulator is passed through a
filter and the undesired side-band is removed,
leaving only one side-band (which varies in frequency from 50 to 5000 cycles as the voice frequency varies) to be amplified by the power
amplifier and finally to be radiated from the
antenna.
CAN IT BE PERFECTED?
THIS system affords radio telephony requiring only one-half the channel width
required at present. It allows an increase in
sharpness of tuning at the receiver without
reducing fidelity, thus providing more selectivity.
Much less power is necessary at the transmitter,
since the carrier wave is not radiated. Generally
there is less distortion and variation in received
signal strength due to fading, because the locally
generated carrier is steady. These are some of
the advantages that occur with single side-band
transmission. When it is coupled with double
modulation still other advantages appear, one
of which is the possibility of a high degree of
secrecy when certain combinations are used.
The disadvantages are: Increased complication
of apparatus; more skill required in the operation
of the receiver; and, in our present broadcast
band, the disadvantage that all our receivers
would require modification. The most serious
of these disadvantages is the difficulty of setting
and maintaining the local oscillator at the desired frequency. Assuming transmission to take
place at 1000 kc. the exactness with which the
oscillator must be set is I part in 100,000. In the
present state of technical development, this
would require a highly skilled operator and
precision instruments. Development work is
needed to overcome the demand for such accuracy inorder to make ordinary single side-band
reception waveband.
practical for everyone's use in the
broadcast
It is the single side-band system (combined
with double modulation) that has been selected
for use inatlantic
theradioAmerican
Tel. &theTel.United
Co.'s States
translink between
and Great Britain. The two photographs show
parts of the apparatus used.
It seems logical to suppose that single sideband transmission will grow in use for point-topcint communication and the time will come
when it will be used for the broadcasting of
speech, music, and vision.

SIMPLICITY IS THE

KEYNOTE OF THIS SUPER-HETERODYNE

>uper
A

"One-Spot5
By' W.

H. HOLLISTER

evening), the finest possible tone quality which
FOR many years past the writer has been about this time, the screen-grid tubes were made
an ardent radio fan industriously build- available, and birth was given to the hope of could be provided consistent with 10-kc. selectivity, sufficient sensitivity to give a wide range
ing every new circuit which has been de- even greater amplification than was had with the
vised in the search for better and still better ra- old standby set using 201A tubes. Because many
of program choice, both local and distant; and
all this to be had with absolute dependability,
dio reception. Literally, every type of manuof the writer's friends have been so favourably
factured kit and every new circuit w,hich has impressed with the performance of the final re- simplicity of control, and low initial and upappeared from time to time has been built and
ceiver incorporating these new tubes, he has been
keep cost. The answer to all these requirements
tested, but no standard circuit ever quite came
led to prepare this article describing the pro- finally took shape in the form of an eight-tube
cesses by which it was developed, and telling super-heterodyne receiver having a screen-grid
up to expectations of what radio reception
first detector, a conventional oscillator, three
were cer- how an exactly similar set may be constructed
should be. The author's expectations
tainly not unusual and are probably shared by by the fan at home.
individually
tuned 400-kilocycle
the majority of radio fans, who have believed
intermediate amplifier
stages, a second"one-spot"
detector,
As previously stated, the goal of this receiver
that a good radio set should give absolutely faith- was to be 10-kilocycle selectivity against any and two audio stages using the new Clough
ful reproduction of all musical frequencies, great local station (and within a few miles of the system of audio amplification. The new superheterodyne ispictured in the accompanying
enough amplification to bring in any station
writer's home in Chicago there are some twenty
louder than local noise and play it on the loud powerful broadcasting stations operating every photographs and diagrams.
speaker, and sufficient selectivity to cut
DESIGN FEATURES
consistently within 10 kilocycles of all
A T THE outset the writer endeavored
normally interfering local stations. A ggfr
to use standard parts available on the
qualifying requirement would be that the THE present article by Mr. Hollister describes the first
receiver satisfying these expectations must
really "one-spot" super-heterodyne which has ap- open market for the construction of his
peared in Radio Broadcast. Heretofore, the "bug" limit- receiver, but it soon became apparent
be easy to build, dependable in its perthat the requirements laid down for its
formance, simple to tune, and low in
ing
the
usefulness
most on"supers"
has beenOften,
the upper
and lower
tuning of
points
the oscillator.
when
initial cost and upkeep.
performance could not be met with standard parts then available and it became
Early in the search for such a set, receiving a station with the oscillator tuned to one of these
the user would find interference from another sta- necessary, to enlist commercial aid in the
attention was attracted to the super- points,
tion which would beat with the oscillator to produce perhaps
development of special transformers for
heterodyne system, which theoretically
seemed to provide opportunity for high a frequency similar to the intermediate frequency. The set the receiver. The balance of the parts in
amplification and extreme selectivity with- described here is really "one-spot." It employs eight tubes, the author's set are standard and may be
out seriously impairing tone quality, and, three of which are screen-grid tubes in the intermediate
easily procured upon the open market. As
at the same time, to provide a receiver amplifier, which is designed to work at about 350 kc. (S55 work upon the set progressed, it was given
meters). Volume is satisfactorily controlled by a potentio- tests night after night and the results obsimple of construction. Super-heterodynes
meter which varies the voltage on the screens of the 222 type
without number were built and tried with
tained averaged over a space of months.
In final form, as pictured herewith, the
many circuit variations tested in each tubes. The high intermediate frequency is chosen to prevent
double
tuning
points.
The
i.f.
transformers
are
equipped
eight-tube receiver operated satisfactorily
receiver. One quite satisfactory set was
evolved which was used by the writer in with small midget condensers so that each may be adjusted in the steel frame office building where it
his home for several years. It employed a by the user to the same frequency. In testing this set in the was built and would regularly bring in
Laboratory it was found easy to do this. With all the stations within a thousand to fifteen hun50-kiIocycle intermediate amplifier and
dred mile radius on the loud speaker, using
with it Los Angeles and other Pacific transformers accurately tuned, the amplifier oscillates,
which can be regulated by the volume control. In the
Coast stations could be tuned-in almost
a 15-foot
wireoutside
strungantenna
up in could
the author's
for an
not be
Laboratory test, fidelity seemed to be improved when the office,
any evening in the week with clocklike
i.f.
transformers
were
slightly
detuned,
with,
of
course,
a
had. Stations such as wsn, only 10 kiloregularity and with volume equal to local
certain decrease in sensitivity. The cost of parts is about
cycles away from local wls; wjz, 10
stations. As time went on and more broadleaflet form are available
kilocycles away from local wmaq, only
casting stations came on the air, the repeat $go. Constructional details in
2
4
9
the manufacturer of the intermediate transformers
two miles away; kmox and wdaf, 10
points upon the oscillator dial of this re- from
Broadcast.
kilocycles away from local webh; weaf.
— The
Editor.
ceiver made its selectivity less and less satis- and requests should be addressed to Radio
10 kilocycles away from local wcfl; and
factory, and the writer was forced to resume
kwkh, 10 kilocycles away from wbb.m,
the search for a better receiver. At just
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and who, 10 kilocycles away from local kyw,
were received consistently on the loud speaker
without interference from the neighboring local
channel. Such stations as wgy, woe, and kdka
could often be heard in the daytime and frequently with only a four-foot antenna at night.
The set was then taken home and tested in a
wooden residence. Even better results were obtained, and instead of only a comparatively few
powerful out-of-town stations being heard, little
50-watt stations all over the country came in
on the loud speaker, and reception of West Coast
stations
amusement.became the author's early evening
The receiver shown in Fig. 3 has eight tubes
placed in a straight line ranging from left to
right in this order: UX-201A oscillator, ux-222
first detector, three ux-222 screen-grid intermediate amplifiers, UX-201A second detector,
UX-201A first audio tube, and UX-171A power
tube. Behind the tubes are the transformers;
at the left is the special oscillator, Li, and to the
right the four intermediate transformers, Ti,
T), T3, and T4, with their tuning knobs projecting from their tops. At the right end of the subbase are the two audio transformers, T5 and T6,
which are built following the specifications laid
down by Mr. Kendall Clough, Director of the
Research Laboratories of Chicago, in the July
issue of Radio Broadcast.
At the left front of the chassis is the large
antenna coupling coil, L2, consisting of 80 turns of
No.
16 enameled
on aofform
in diameter.
The wire
losses
this 5"coillongareandso i\
low
that extremely sharp antenna tuning is had without the necessity of regeneration, which it is almost impossible to add to a screen-grid first detector with any benefit, as the writer's investigations have revealed. At the front center of the
chassis are the two tuning condensers with their
drum tuning dials, the controls of which are
brought out to a small compact bronze panel
which also holds a filament rheostat and on-off
switch, and a potentiometer for controlling the
sensitivity of the intermediate amplifier and,
consequently, the volume of the receiver. The
curve in Fig. 1 shows the over-all r.f. amplification of the 3-stage intermediate amplifier (4
tuned circuits). This curve indicates just why the
set is as selective and sensitive as it is.
The intermediate amplifying transformers are
very interesting, inasmuch as the design finally
evolved ran contrary to ordinary engineering
theory in that the transformers themselves actually had a step-down turn ratio! This was
worked out very carefully in an effort to gain the
BPl-Ground-9
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cycle selectivity. By using a very large primary
and a smaller secondary, tremendous amplification can be had from the tube, a little of which
is then sacrificed in the transformers to gain
selectivity; this is an unusual but very practical
theory, judging from the results obtained.
"one-spot" tuning
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400

410

420

430

FREQUENCY, R.C.
FIG. I
required selectivity and is justified by the theory
of the screen-grid tube used as an r.f. amplifier.
The plate impedance of this tube is very high,
running up into the hundreds of thousands of
ohms, and it is almost an impossibility to build
an r.f. transformer of the conventional type
with a high enough primary impedance to obtain any great amplification. The writer therefore set out to use a tuned primary and used
for this purpose a bakelite tube 2" long and
1 5" in diameter wound with 300 turns of No.
37 enamelled wire. This primary was tuned
by a 75-mmfd. midget condenser, and the circuit provided showed such a high value of impedance at resonance as to obtain a far higher
voltage drop across its terminals, when connected to a screen-grid tube plate circuit, than
did ordinary types of i.f. transformers. If the
grid of the succeeding i.f. tube had been connected directly to the plate end of this primary,
with, of course, the necessary grid condenser
and leak, the selectivity of the amplifier would
not have been very good, and it was here that
the idea of a step-down transformer worked out
so very well. A small secondary upon a \\"
tube, consisting of 150 turns of No. 37 enameled
wire, was slipped inside the primary and connected to the grid circuit of the next r.f. amplifier
tube. The result was a circuit of high amplification with sufficient selectivity so that four
such transformers provided positive 10-kilo-

TTHE intermediate transformers are tunable
1 by means of small knobs on top of the copper
transformer shields, which may be constructed
at home of 0.014" copper and which are 2j"
wide, 35" high and 2J" across. The transformers
are placed upright inside these cans with the
tuning condensers mounted on the top and insulated from the can by insulating washers. As
each transformer is individually tuned after
assembly of the whole receiver, no matching is
necessary and the writer's set can be duplicated
without any fear of poor results due to lack of
proper matching equipment, which is totally
unnecessary with this type of intermediate amplifier. The wavelength at which the transformers may be operated can be varied by the
tuning condenser knob, and covers the range
of 600 to 1000 meters, or 500 to 300 kilocycles.
There are two distinct advantages to be had in
using this frequency range for intermediate
amplification in a super-heterodyne. The first
is that the repeat points at which a station may
be tuned-in on the oscillator dial are so far
separated as to render the set practically "onespot" in operation. Anyone who has ever operated a super-heterodyne will appreciate that
the primary drawback of the super-heterodyne
to-day is that the effectiveness of the oscillator
dial is at least halved because each station is
heard at two points upon the dial, instead of
at only one, as in t. r. f. sets. This is due to the
fact that with a 50-kilocycle intermediate amplifier, for example, the sum and difference settings of the oscillator will bring in a given station. The method of eliminating this is to raise
the intermediate frequency until one set (lower)
of oscillator dial heterodyne points are thrown
so far away from the other set (upper) that the
lower repeat points fall beyond the used tuning
range. Just how this works out can be illustrated
by considering the 400-kilocycle i. f. amplifier
used in the author's super to cover the 200 to
550-meter band (1500 to 550 kilocycles, approximately). The oscillator settings for both
extremes must be the highest and lowest signal
frequency to be received plus and minus the
i.f. Thus, for a 200-meter signal (1 500 kilocycles)
the oscillator must be tuned to 1900 or to 1 100
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FIG. 3. HOW THE INSTRUMENTS ARE MOUNTED
kilocycles. For a 545-meter signal (550 kilocycles) obviously only the sum of the oscillator
and signal frequencies can be had in a practical
set, which is 950 kilocycles. Thus the oscillator
tuning range must be 1900 to 950 kilocycles,
or 157 to 315 meters, approximately. The 315meter setting (950 kilocycles) will heterodyne
either a 550-meter station, or a 1350-kilocycle
station, which would be at 222 meters. Thus it
is seen that a 400-kilocycle intermediate frequency will provide a super-heterodyne that
will be truly "one-spot" for all stations above
222 meters, and that the oscillator settings for
stations below 222 meters will be so far away
that the input tuning circuit is only called upon
to discriminate between signals at the extreme
opposite ends of the broadcast wavelength band,
which is not difficult with a good input circuit.
CONSTRUCTION OF THE SET
HP HE parts used in the writer's receiver are
1 listed at the end of this article and, costing
about $92.00 on the open market, justify the
hope of having a receiver low in initial cost. The
set is put together using a bakelite chassis,
B, §" thick and 21 ts" by 9 rf" wide, this size
being chosen so that the set can be housed either
in any standard table or console cabinet or in the
new Silver-Marshall metal shielding cabinet
which has been found to contribute much to the
quiet operation of the receiver when operated
near X-ray machines or other sources of local
interference. At the rear of the chassis all r.f.
and a.f. transformers are placed in a row, with
the oscillator coil, Li, at the left rear end of the
chassis held in place by having its six connecting
lugs pushed down through holes in the chassis,
turned over on the under side, and all connections
made to the turned over lug ends. The oscillator
coil consists of a bakelite tube \\" long and \\"
in diameter upon which are wound at the bottom a tickler consisting of 32 turns of No. 29
enamelled wire, while just above the tickler is
a grid winding of 45 turns of No. 29 enamelled
wire. Inside this tube is held another bakelite
tube if" in diameter, upon which is wound the
pick-up coil of 32 turns of No. 29 enamelled wire,

the pick-up coil being connected in the first detector grid circuit. The pick-up coil is spaced
equally under grid and plate coils. The tube
sockets are a part of the bakelite chassis, consisting of standard socket springs riveted or
screwed to the bakelite at proper points. The two
variable condensers, Q and Q, are fastened to
the chassis in the front center and to them are
in turn fastened the drum dial brackets to which
is attached the control escutcheon. To this
escutcheon is fastened the filament rheostat,
(with on-off switch attachment), R3, and the
3,000-ohm potentiometer R2, which, controlling
the potential on the screen grids of the intermediate amplifier tubes, also serves to adjust
volume and sensitivity. The neatness and simplicity of the wiring arrangement is very easily
duplicated due to the convenient location of the
various soldering lugs and connection points.
All battery connections terminate in the multiplug at the right rear of the chassis. Battery
connections are made to the set through a battery cable with receptacle plug. Antenna and
ground connections are made through binding
posts at the left end of the chassis. No panel has
been shown for the receiver as it may be placed
in any cabinet with wood, metal; or bakelite
panel which must simply have a center slot 5!"
wide and 55" high cut so that the panel will slip
behind the bronze escutcheon plate of the set.
If the Silver-Marshall shielding cabinet is used,
the receiver chassis is simply placed upon the
wood moulding and the cabinet slipped down
over the whole assembly.
The receiver requires for operation any good
B-power unit capable of delivering 22, 45, 135,
and 180 volts, such as the Lincoln no type, as
well as a 6-volt A battery or good A-power unit
such as the Kodel, Abox, Balkite or Sentinel
types. Pour ux-222 screen grid tubes, three ux21A tubes, one UX-171A, a 45 and a40-volt C battery complete the accessories, outside, of course,
of a suitable loud speaker, antenna and ground.
If the best possible results are desired, a slight
improvement may be had by substituting a
UX-112A detector tube for the UX-201A type at
a slight additional cost.
In operation the receiver is simplicity itself.

The rheostat need merely be turned up, the
volume control knob adjusted to just below the
oscillating point for the intermediate amplifier,
and the two drum dials rotated at about the
same
dial settings'
near and
far alike.to tune in station after station,
LIST OF PARTS
TP HE data for the coils used in this set is given
\ in the text. They may be home constructed,
if so desired. The rest of the parts are of standard design, and substitutions may be made.
The complete parts are obtainable in kit form.
B — 1 Micarta sub-base, 2 if" x 95" x \"
BPi, BP2, BP3— 3 Binding posts
O — 1 Lincoln 104L (left) 0.00035-mfd. condenser
Cs —denser
1 Lincoln 104R (right) 0.00035-mfd. conC C C )
r' r1' n\ — 6 Potter 104 1.0-mfd. condensers
Co —clips
1 Aerovox 0.002-mfd. condenser
Go — 1 Aerovox 0.0001 5-mfd. condenser with
Dv— 1 Silver-Marshall 806L (left) drum dial
D2 — 1 Silver-Marshall 806R (right) drum dial
Ji,
2 Yaxley102 420
tip-jacks
Li—J2,i— Lincoln
oscillator
coupler
L2 — 1 Lincoln 103 antenna coupler
L3 — 1 Silver-Marshall 275 r.f. choke
P — 1 Lincoln escutcheon control panel
Ri — 1 Aerovox 2-megohm grid leak
R2 — 1 Yaxley 3000-ohm potentiometer, No.
R3 — 1 Yaxley 10-ohm midget rheostat
R-i— 1 Carter 0.57-ohm resistor, type Hf
R5, R6, R7, Rs — 4 Carter 10-ohm resistors, type
RU10
SW —53000
1 Yaxley switch attachment, No. 500
Ti,formers
T2, T3, T4 — 4 Lincoln 101 tuned i.f. transT5 — 1 Lincoln 105 1st. a.f. transformer
T6 — 1 Lincoln 106 2nd. a.f. transformer
W — 1 Jones 8-lead battery plug and cable
Tube
(special)socket assemblies
Wood
sub-base
supports,consisting
2 if" x of
if"screws,
x f"
Small
assortment
clips parts
nuts, lugs, bus-bar, spaghetti, flexible wire,
Belden flexible shielding braid and screen-grid
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AS THE readers of Radio Broadcast know.
show that only a small amount of amplification may be expected at radio frequencies
/-\ the screen-grid tube is designed primarCT'HE author's purpose in this short
with either resistance or impedance coupling.
■*■ article is simply to give the readers
ily as a radio-frequency amplifier. The
The capacity, O, between the control grid
second grid screens the control grid from the
of this magazine some data and measurements which have been made using
and the'•^ filament of the screen-grid tube is
plate, as its name indicates, so that the effective
about 10 mmfd., and the capacity, Co, bethe screen-grid tube. Perhaps some of
capacity between the two is very small. Consetween plate and filament about 40 mmfd.
us have thought of using this tube in an
quently, the tendency to oscillate in a multiple
under usual operating conditions. The first
impedance or resistance coupled amplistage tuned radio-frequency amplifier, due to the
fier, and to those the data given here
capacity, as far as alternating current is concapacity between grid and plate in the amplifier
cerned, isacross R> in Fig. 4, while the second is
hhII be especially interesting.
tube, is considerably reduced.
— The Editor
across Ri. Thus the maximum impedance obAnother characteristic of screen-grid tubes
is the high amplification factor. Coupled with
tainable in the coupling device is — where
200
this is a high plate resistance, so that the ordi500.000
67^ 'olts
RB
nary tuned radio-frequency transformer is not
\
C = 50 mmfd. and w = 2tz X frequency. At
180
CX-222 Tube
\
suitable if even fair efficiency is to be obtained.
1 1
The writer has been able to obtain three
200 meters — — = 21,200 ohms., and the maxi160
distinct types of these tubes. The first type
M
is the R.C.A. or Cunningham 222 tube. This is
mum amplification of the system using a tube
- 140
300,000 £
a d.c. operated tube requiring 3.3 volts across
3
with a plate resistance
of 560,000 (CeCo a.c. 22)
'X
s
120
its filament. The essential dynamic characteristics
Esg =
ohms, and an amplification
factor of 362, would
100
1
are shown in Fig. 1. These curves were taken
Cw
with 135 volts on the plate and 675 volts on the
Cw
t; =
= 13.2. The amplification may also
200.000
8020,
screen grid. The amplification varies, as will be £
noted, from 170 to 99, being about 152 with a < 4 4060
grid bias of minus i§ volts. With this same grid
<
2
bias, the plate resistance is 385,000 ohms and
be simply calculated by multiplying the load im100,000
pedance by the mutual conductance. 21,000
the mutual conductance 0.000395 mhos.
Fig 2 shows the dynamic characteristics of the
times 0.000646 gives 13.6 as the amplification,
agreeing quite well with the former figure. This
Arcturus screen-grid tube. This is an a.c. 15-volt
value of amplification can never be
tube of the heater type. At the same
Eg VOLTS
5^
\ 'AC22TL
operating point, i.e., 135 volts on the
be- C<il fully obtained, as the resistance or
\&CoScre<
find
choke used as coupling is in parallel
plate, 67J volts on the screen grid
with these capacities and reduces
\iEp=135V.
fc,
and 1 5 volts negative bias, the am•-*plification factor is 106, the plate
the effective impedance slightly below 21,000 ohms. Fig. 5, curve A,
resistance 220,000 ohms, and the
mutual conductance 0.000482 mhos.
shows
+ —the amplification obtained at
s
\\ \
1
s different frequencies with one stage
Fig. 3 gives the same characterV
istics for a CeCo a.c. 22 tube. The
° of choke coupled amplification using
A
heater operates at 2.25 volts a.c. as
" r.f. choke coils and a 0.006-mfd.
N
in the 227. With \\ volts negative
coupling condenser. It is very apparent that tube capacities play an
grid bias, the amplification factor in
important factor, for at the long
this case is 362, the plate resistance
*
wavelengths or low frequencies a
560,000 ohms, and the mutual con100,000
ductance 0.000646 mhos.
very fair amount of gain is observed
%
It will be noted that both types of
while at the high frequencies almost
2 -1 0
no amplification is obtained. Fig. 6,
a.c. screen grid tubes have a higher
>
mutual conductance than the d.c.
curve B, shows the amplification
Eg VOLTSFIG.
tube and consequently are better
measured with an untuned radioABOVE
I. LEFT — FIG. 2. RIGHT Eg—VOLTS
FIG. 3
from the theoretical standpoint of
frequency transformer.
designing a suitable t.r.f. transformer for their
Thus, analysis and measurements make us
use.
discard untuned amplifying systems at radio
There are two general methods, aside from
frequencies so that the solution of obtaining the
regeneration and the super-heterodyne princi- highest gain possible with a high-mu tube must
ple, of obtaining radio frequency amplifi- lie in tuning the amplifier to the signal.
cation. One is by an untuned amplifier such as
is shown in Fig. 4, where
a resistance, choke, or a
fixed transformer is used
as a coupling device.
The second is a method
of tuning the amplifier Input
to the incoming signal
by means of a tuned
radio-frequency transformer coupled either
directly or through a
primary winding as
shown in Fig. 6.
A mathematical anal- Auto-coupled tunea r.f t
ysis plus
few capacities
measure350 400 450
ments aon the
WAVELENGTH, METERS
between the elements of
the screen-arid tube will
ABOVE — FIG. 4. BELOW — FIG. 5
252

/■

The

THE
Nb.W.S

MARCH
AND

The

INIimWIAnON

Laboratories

Oh

KMSD

QEXEEEEKI

Grapple

with

KADIO

Aircraft

KVKNTSTT

Radio

AIRCRAFT radio, during the last few
Stowell is mentioned by Dr. Dellinger for his Guggenheim Fund Shows the Way
to 'Frisco
Z_\ weeks, has performed with such spec- work with earlier circuit arrangements and
studies of field intensity diagrams.
■*■ tacular effectiveness that any aviator
who now attempts a long distance flight without
The second paper, delivered at the same meetmotion of Aeronautics has announced that
its aid is flaunting providence. Since the July
ing of the Institute, is entitled "Aircraft Radio
THE Daniel Guggenheim Fund for the ProMarch of Radio editorial, scoring aviation for Installations," by Malcolm P. Hanson of the
it will install, along the Los Angeles-San
Naval Research Laboratory at Anacostia. It Francisco airway, a complete aeronautic weather
neglecting radio, was written, the world has been
describes the various transmitters installed
reporting service. Cooperating with the fund
able to trace, through frequent radio bulletins,
aboard the dirigible Shenandoah, including are the Aero Service of the Weather Bureau and
the progress of several amazing long distance
the Pacific Telephone & Telegraph Company
flights. Three aviators flew from San Francisco
the 2-kw. i. c. w. transmitter which gave good
Two terminal stations are to be erected at the
to Brisbane in three tremendous jumps, with the
night reception on one occasion for a distance
whole world rooting for their success as they of 5000 miles. Mr. Hanson also describes the ends of the route, supported by twenty-two
observation stations. The total time for the
fought through wind and storm. The first trans1 50-watt transmitter aboard Byrd's plane, the
America, those aboard the Old Glory, the collection of reports at both terminals and the
atlantic flight with a woman passenger was
exchange of complete data between them will
similarly applauded. Nobile and his companions
American Legion, Wilkins' short-wave set and
be less than twenty minutes. The reports are to
were found in the Arctic drift only through the several transmitters developed by the Navy and
effectiveness of radio directions. Radio has
the Burgess Laboratories. This comprehensive
be made three times daily a~d are to be comreview indicates that aircraft radio equipment
municated by telephone and radio to trained
covered itself with glory as the faithful comis in a high state of development and it is to be meteorologists who will forecast flight conditions
panion of the aeronaut, guiding him through
hoped that the radio industry follows up the and advise departing pilots which of five alterstorm to distant airport, reporting his progress
nate routes should be followed.
advantage which it has gained by the recent
to the world and, finally, performing incredible
missions of rescue.
practical demonstrations of radio's service to
At the N EM A Convention
Spectacular feats are the vehicle by which the long distance flights. A nationwide net of radio
communication to support commercial aviation
world is informed of the progress of science. The
real advances are made in scientific laboratories
is radio's newest mission which should be pursued
the inNational
Electrical
Radio
Chicago, the
session
NG its of
DURIDivision
vigor. Only with such cooperawhere a few geniuses, aided by a staff of assist- with tionthewill utmost
radio demonstrate its true value as an
Manufacturers' Association adopted a
ants, grapple with the problems which carefully
number of resolutions which were based on sound
tabulated study of known performance reveals as adjunct to air navigation.
commonsense, making a pleasing contrast
the need of the times. The world is
to the stand taken by some of the radio
startled into consciousness by its Lindberghs and Nobiles because technicians
atives Commissi
industry'
representRadio
last April,
on, be-in
fore thes Federal
are not salesmen. Recent technical literature records victories of the laboratory
ly s.
practical
opposing the Engineers' Plan
of
Allocation
as significant and important as the perThe Association recommended that
formances which make headline material
for the press.
"greater consideration be given to those
stations which broadcast programs satisTwo papers were presented before the
fying a wide variety of interests or
New York section of the Institute of Radio Engineers on June 6, which set forth
groups," and it condemned those which
the present development of aircraft radio
" now act purely as house organs in selling
merchandise for one firm or which exequipment in a comprehensive and auclusively broadcast programs devoted to
thoritative manner. One of these, " Develfurthering
the interests of some particuopment of Radio Aids to Navigation,"
by Dr. J. H. Dellingerand Haraden Pratt,
lar group,
class."
This
is acreed
director fling
at stations acting
traces the history of aircraft beacons from
as advertising mediums for one advertheir war service to the present. The
tiser and those owned by a single politinterlocking type of directive beacon,
ical party, church or sectarian group.
which automatically gives visual indicaThe Association directly approved the
tion to the pilot as he flies along any
well equipped airway, is the culmination
Engineer's Plan of radio broadcasting
channel allocation.
of years of practical development work
by the Bureau of Standards. No bearings
need be taken either by goniometric staDURING the
announced the convention,
publication ofNEMA
The Radio
tions on the ground or by the aviator in
Market, which is a valuable analysis of
flight, a dial in the plane's instrument
how radio is distributed, the stocks of all
board serving to show whether the plane
classes of radio goods in the hands of
is on its course or to the right or left of
dealers, classified both by geographical
its course. Dr. Dellinger's beacon system
distribution and by cities of different sizes.
will save more lives in the next ten years
A study of the analysis shows that
than the parachute.
there are too many radio outlets in cities
Assisting Dr. Dellingerwas F. W. Dunof a million and larger and that the
more, who contributed basic ideas to the
dealers in cities of from 500,000 to a
modulation type of beacon and did much
A MODERN AIRCRAFT INSTALLATION
to be in the most favorof the laboratory work. Harry Diamond
253 transmitter and receiver is millionable appear
This radio telephone and telegraph
position with regard to size of stocks
is credited with valuable contributions in installed
on a British commercial air liner. The transmitter is and turnover.
The dealers in the smaller
the design and construction of airplane
rated at 150 watts. The instrument box below the table contains
receiving sets and research incident to the at the top the receiving unit. Below it are the transmitting tubes, communities usually combine associated
in a manner which counterbalances
practical operation of the beacon and its and at the bottom the tuning controls for the transmitter. The reel lines
their smaller radio turnover. The number
modulating arrangements. Dr. E. Z.
at the left unwinds the trailing antenna
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of active radio retailing outlets seems to have
been stabilized at a figure of 50,000.
It was also announced that the NEMA handbook of radio trade-in values would be distributed ina few months with a view to standardizing the allowances made for used radio receivers
in the purchase of new ones. This step is necessary for lapping the re-sale market, which the
industry has been able so far to neglect almost
completely. So long as radio does not repeat the
well nigh disastrous course of the automobile
business, in over-valuing the second-hand
product, the establishment of a regular secondhand market will open a new re-sale field comprising prospects who are already the owners
of obsolete radio receivers and have minimum
selling resistance. I'he automobile industry met
the second-hand problem by over-valuing new
cars sufficiently to make trade-in values as
attractive as possible to the used car owners.
O

H. LANG LEY of the Crosley Radio
Corporation presented a chart before the
NEMA convention which illustrated the ridiculousnes of the so-called Equalization Amendment, to which we referred in the July March of
Radio under the caption. " The Inequalities of
Equalization."
The Langley chart is reproduced below. The
bottom cylinders in the diagram show the area
and population of the five zones created by the
Radio Act of 1927. The diameters of the cylinders
are proportionate to the areas of the zones and the
heights to the populations. The first four zones
have an almost equal population, but the fifth
zone is far below par. The areas of the zones
differ greatly, the area of the fifth being approximately thirteen times that of the first. The upper
cylinders show the number and total power of
the broadcasting stations assigned each zone,
the diameters being proportionate to the former
and the heights to the latter. The Davis Amendment requires that the power assigned to the
zones be equal; in other words, that the heights
of the upper row of cylinders be the same, regardless of the proportions of the lower row of cylinders— that is, the areas or populations of these
zones. Such is the task that the Federal Radio
Commission now has on hand.

Power

35.30

19.34
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19.68
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Commercialism Out
Amateur Bands

of the

the
M. nSEGAL,
PAUL
America
Radio general
Relay counsel
League,of has
prepared a scholarly opinion as to the
type of messages and the character of stations
permissible in the amateur band. After carefully
tracing the foundation for his opinion, he concludes that "an amateur operator, at an amateur
radio station, may, under the law, accept for
transmission, transit, relay or delivery a message
of any kind of text, import or source, so long as
no money or other valuable consideration is
directly or indirectly paid or promised to him, or
charged or accepted by him, subject, of course,
to the general laws against obscene or profane
language
over the air."work, conducted for the
Any experimental
benefit of manufacturers and not as the personal
hobby of the amateur conducting it, is not therefore permissible in any of the amateur bands. In
view of the great curtailment of frequency space
recently experienced, the amateur is justified in
resenting any invasion of these rights and, for
his own protection, should jealously guard
against any professional use of the limited space
in the air assigned him. Such services as those
performed by 6a rd for the San Francisco Examiner in reporting the flight of the Southern
Cross are legal in the amateur band only if no
emolument, direct or indirect, was paid to the
amateur
station,station.
according to Segal's definition
of
an amateur
Harrisburg, III., Needs a 500-watt
Station

we
letter
nderantncein of
AVAST
receive prepo
in comme
our the
policy
of s urging persistently the reduction of the
number of stations express hearty approval on
the part of our reader body. As a matter of
fact, although we have frequently named names
and condemned broadcasting congestion in no
uncertain terms, only one listener not professionally connected with a broadcasting station
has ever protested our fight for better broadcasting conditions. Therefore, the receipt of a
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Area
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2

3.63

22.69
6.93

3
23.14
21.33

4
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22.83
18.42

8.59
49.68

HOW BROADCASTING POWER IS DISTRIBUTED TO-DAY
The heights of the five lotver cylinders are proportional to the population of the five radio districts in the
L 'nited States, and their widths to the areas of these districts. The upper row of cylinders indicate by their
heights the relative broadcasting power in these districts, and by their widths the number of stations
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letter from Joseph R. Tate, operator of Station
webq of Harrisburg, III., accusing the writer of
prejudice against the small station and of not
knowing what he is talking about, has, at least,
an element of novelty.
Mr. Tate's plea is based on a thorough survey
of radio set owners in southern Illinois, covering
every town and hamlet south of Springfield, III.,
and some in Kentucky and Missouri. This survey
was made in the form of a petition to the Federal
Radio Commission for an increase of power.
According to Mr. Tate, who was much gratified
at having secured the use of the names of 2800
set owners, this is only one-tenth of the owners
in that territory. Even assuming that the 28,000
owners unanimously approved Mr. Tate's appeal
— and this is not as impossible as it seems because most people will sign any kind of a petition— 1 am certain that webq does not desire
favored treatment, but merely an accommodation proportionate to what its service area
deserves.
According to the latest estimates, radio sets
are now available to 27,850,000 people in the
United States. If one radio transmitter is deserved by every 28,000 radio listeners, the total
number needed to give equal distribution would
be about 1,000 stations. With the limited frequency space available, the operation of that
number of stations would result in such hopeless
confusion that, instead of radio giving service to
nearly 28,000,000 people, it would simply deprive these people of the use of radio receivers.
A lesser number of stations, properly distributed
geographically, however, would assure good
reception,
only to audiences.
Harrisburg's 28,000, but
to
the entirenotlistening
While we have not hesitated to make light of
the service rendered by most of the smaller stations, our plea for the elimination of stations is
based principally on the fact that the first step
to good radio service is the elimination of congestion. We have no prejudice against the small
station, if it could exist without curtailing service to the listener. Technical progress in1 the
next few years will undoubtedly serve to increase
the number of stations which can operate happily
in the broadcast band, and then Harrisburg can
maintain its pride of the air without depriving
some other equally deserving locality of good
radio service. But, faced with present conditions,
we can only continue to urge an immediate reduction in the number of stations to the actual
capacity of the band.
Many pleas
are presented that
by various
munities and organizations
they arecom-of
sufficient size and importance to be deserving of a
broadcasting station of their own. The Socialists
of New York City, for example, who in 19251926 had an enrollment of 11,943, feel they
deserve a broadcasting station of their own and
are raising a mighty howl of protest because
wevd was among the stations listed for the scrap
heap by the Federal Radio Commission. Other
bodies represented on the air in New York are
the International Bible Students, the Paulist
Fathers, the Italian Educational Association, the
Seventh Day Adventists and various other
special interests. If a station representative of
Italians deserves a place of its own on the air,
then rights also should be accorded to the forty
or fifty other substantial nationalistic groups
in New York. The same principle applies to a
score or more of sectarian interests. Political
bodies and fraternal organizations deserve like
rights. A broadcasting structure based on such
qualifications would obviously be a hopeless mess
of confusion lacking public support. If Harrisburg, HI., deserves a station for its 28,000 listeners,
so
group of 28,000
Thosedoeswhoevery
viewother
broadcasting
as an listeners.'
inherent
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right, accruing to special groups, whether based
on population, geographical area, religious
creed, political association, fraternal membership
or foreign extraction, overlook the fact that the
only sound basis for a broadcasting structure
is the greatest service to the greatest number.
The most effective distribution is based upon
stations which do not represent any special
interest, commercial, political or sectional, which
give equal opportunity to all types of program
material having public favor and which are of
sufficient size and power to serve an area and
radio population worthy of the channel space
which they occupy.
The Empty Pool

Association
Manuf
Radio that
THE
ion in
the cost
a actur
reducters'
announced
of radio sets is in prospect because
its plan of patent pooling was ratified by its Convention in Chicago with only one dissenting
vote. The plan provides for a free exchange of
patents without license fee. That is, we note,
free exchange of what are called "Class B"
patents, "not displaying invention of high
order." Class A patents, considered basic, are not
a part of the plan. Its approval by the Convention means that the plan will now be submitted
to the members, of whom a majority must approve to make it official. Even then, such favorable action does not bind individual members
to contribute their patents to the free pool.
Apparently, those who have no patents will contribute them to the pool for the benefit of those
who do possess patents. The latter, however, will
not be required to pool their patents. It was a
good publicity story, anyway.
Engineers in Quantity Production
of Standards
nary draft of the report of the
prelimi
THE
Committee on Standardization for the
Institute of Radio Engineers has been
circulated for comment and indicates an amazing
amount of work performed by an extensive
committee of experts. The first and major part
of the report consists of several hundred carefully worked out technical definitions, applying
to every phase of radio communication. A few
pages are devoted to standard graphic symbols
for the principal radio circuit elements, which
we hope will be put into general use by all publications. The remainder of the report is concerned
principally with standard methods of measuring
the characteristics of vacuum tubes and the
performance of radio receiving sets and electroacoustic devices.
It is obvious that the Institute's committee
and every one of those who have contributed
their time and services to its problems are deserving ofwhole-hearted praise for this comprehensive piece of work.
Long Waves Needed in Transoceanic
Service
SO MUCH attention has been given to the
possibilities of short-wave channels in
international communication that it is
interesting to recite the expert opinion of O. B.
Blackwell, transmission development engineer
of the American Telephone & Telegraph Company, who has been identified in technical phases
of transatlantic telephony since the first experiments conducted several years ago. Three shortwave channels, approximately 16, 22, and 35
meters, have been found to complement each
other providing a good signal level during the

A COIL TEST AT THE BUREAU OF STANDARDS
The Radio Section of the United States Bureau of Standards is doing valuable work in determining stanards of accuracy and efficiency in all kinds of radio apparatus. H. B. DeGroot is shown testing a coil
to determine the best shape for coil forms.
hours that the 5000-meter long-wave communication channel is at its minimum effectiveness.
After relating in some detail experience with
various frequencies and expressing the hope that
the "reliability of short-wave channels can be
made such as to some day eliminate altogether
the necessity of the long-wave channel with its
much more extensive plants. . . ." Mr. Blackwell
continues: "So far, data available regarding
short waves do not suggest that they ever will
give a reliability of service comparable to that
for similar distances over land wire circuits. It
is our present expectation, therefore, that the
giving of suitable service between America and
Europe will require the continuation of the long
waves, even though such waves demand a much
more extensive and complicated plant than do
the short waves."
Although short-wave transmitters perform
with amazing efficiency under ideal conditions,
the total percentage of time which any highfrequency channel serves between any two given
points is distinctly limited.
Here and There
SO LONG as broadcasting service is limited
to tonal reception, its predominant function ismusical entertainment. But even without
means of transmitting graphic information
through the eye, which is essential to the efficient
distribution of specific facts and data, radio is
already a valuable disseminator of education.
According to L. R. Alderman of the Bureau of
Education of the Department of Interior, more
than 65 universities and colleges, enrolling over
5,000 students, have been using broadcasting for
regular courses. Morse Salisbury, Chief of the
Radio Service of the Department of Agriculture,
says that 107 stations are broadcasting his
market news service and 18 1 the weather reports. Ten thousand letters a month are the
audience's response to these valuable services

and, in the last year, 200,000 copies of a radio
cook book have been distributed. The time is not
far distant when Weather Bureau maps will be
broadcast as a part of the weather forecasting
service.
A DECISION of interest to broadcast managements was rendered by Judge Valente in an
opinion denying injunction to George Frame
Brown against wor. It appears that George
Frame Brown, while an employee of the station,
appeared as a leading character in " Main Street
Sketches." These sketches have been presented
as a regular weekly feature with the same cast
appearing in a new sketch each week. Mr. Brown,
on leaving the cast, sought to prevent the continuance of the sketches with a new leading
character. The court held that mimicry of the
principal character "is no more the subject of
exclusive appropriation than the method of
portrayal of a new role in an opera by an artist
who 'created it', in the sense of being the first to
portray it." The obvious wisdom of this decision
is generally agreed upon by all, with the possible
exception of Mr. Brown.
HP HE cost of broadcasting the Republican
1 National Convention through 42 stations
amounted to $77,000., or a little over a dollar a
minute, since the total time involved was 72,000
minutes. Forty-five thousand miles of telephone
circuits were involved, which cost $1,650 an hour
for 20 hours, or $33,000; rental of a special transcontinental circuit was $1,200 an hour, or $24,000;
pick-up and input installation at Kansas City,
$10,000; salary of technical and reporting
personnel, $10,000.
A LTHOUGH of rather limited circulation,
a telegraphic questionnaire by wbbm of
Chicago confirms the expression of Radio
Broadcast readers that only eight or nine
stations are wanted in Chicago, with the following receiving the predominant number of favor-
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STATIONS whas and wlac, both in the
southern district, are installing 5,000-watt
transmitters.

THE opening munication
of direct
radio telephone
combetween Holland
and the Dutch
East Indies was staged at the International
Press Exhibit at Cologne on May 28. The dispatch was so garbled that the exact locations of
the stations in Holland and Java involved cannot be given.

THE Van Sweringen interests and the Cleveland Electrical Illuminating Company are
taking over the operation of wtam-wear, according to a local news item.
STATIONS webj and wlbm, in the first
district, have done the most graceful
courtesy to the radio audience by voluntarily
surrendering their licenses. Hundreds of less
considerate and less experienced organizations
are quite ready to take their places as broadcasters.

A TEN per cent reduction in the rate
ing to radiograms between the
States and Australia is the result of
Rocky Point with the short-wave beam
between Montreal and Melbourne.

applyUnited
linking
service

THE Dollar Lines are erecting twenty i-kw.
shore stations in New York, San Francisco,
Manila, Honolulu and Shanghai, at a total cost
of a million dollars, utilizing the new channels
assigned them in the 20-meter band. They
announce a combination radio and mail service
to China at low rates, consisting of radio direct
to ships en route to China and thence by mail
on arrival at Shanghai.
REPRESENTATIVES of the Canadian
Government are making another plea for
additional inroads into our overburdened frequency allocations in order to extend still further
their broadcasting services. Canada now has six
exclusive channels and twelve shared channels,
as compared with 77 exclusive channels and
twelve shared channels for the United States.
It has only 5.5 stations per channel as compared
with 7.7 in the United States. Our frequency
space is approximately five times as extensive
as that assigned to Canada, but our population
is twelve times as large and the number of radio
sets twenty-five times as large. The total power
of our broadcasting stations per channel is
somewhat over three times that of the Canadian
channels.
When the Canadian commissioners visited
the United States, shortly after the appointment
of the Federal Radio Commission a year and a
half ago, we urged that they be given a just

1928

20 has been fifty per cent as compared with two
per cent in the United States. It must be realized,
however, that the numerous American services
established before that date serve to give us a
predominant position in the short-wave field.

able expressions; kyw, wgn-wlib, wmaq-wqj,
WLS, WBBM-WJBT, WENR, WEBH-WJJD and WCFL.

THE Independent Broadcasters' Association
has been formed in Chicago with the executives of stations wcrw, wpep, wcbs, whbl and
wkbb represented among its officers. In its initial
statement, the Association says "the right of
communities to have local broadcasting stations,
as they have local newspapers, is at stake. No one
would suggest that 50 smaller newspapers should
be destroyed to make room for a single national
magazine."
If the nation's available supply of printing
presses were limited to 89, there is no question
that the limited facilities would be doled out
among the greatest and best possible newspapers.
It begins to look like intentional stupidity when
self-styled defenders of special groups proclaim
their alleged right to frequency space which
should serve millions. Broadcasting is wholly unsuited to take the place of a local meeting hall
or a local newspaper. It is a national and regional
medium and the sooner it ceases to be chamber
of commerce ballyhoo, the sooner radio will
grow to its true force.
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A PICTURE WIRING DIAGRAM FOR
THE BLIND
The large sheet of paper which the blind man holds
is a receiver constructional data sheet printed in
the Braille system for the blind, with a wiring diagram in relief dots. It was printed by the American
Braille Press, in cooperation with French radio
corporations, which furnished the skeleton framework m the blind man s left hand. The framework
is furnished with tuning dials marked with raised
characters.
share of the broadcast band, particularly in
view of the miserable pirating by American
stations then current. They were dealt with
generously and are not loading their channels
nearly as heavily as we are. Hence their present
plea is made without full appreciation of the
justice of the situation.
THE Chairman of the Federal Radio Commission, Judge Robinson, during a visit of inspection inNew York early in June with Commissioner Caldwell, issued a forceful statement
to the effect that "on all hands it is conceded
that, for the general public interest, there must
be fewer stations. . . . The fulfillment of the law
implies more than mere local interests, likes and
dislikes. In major consideration, the problem is a
national one. For the good of the whole country,
not so many stations as formerly will be licensed
in certain sections of the Union. The Federal
Radio Commission knows exactly what it is
doing and that it is acting within its definite
Rumors reach us that this decisive opinion,
expressed by the newest Commissioner, will be
crystalized
powers." in a definite plan of allocation to be
put in effect on September 1. Judge Robinson
is to be congratulated upon the speed with which
he has grasped the crux of the radio problem and
for his definiteness in stating, in no uncertain
terms, what course the Commission proposes
to follow. The first public statements of most of
the Commissioners have been farcical statements
of optimism to the effect that radio is not as bad
as it sounds.
ANEW
3 5,000-watt broadcasting station,
operating on 1525 meters, has been placed
in operation at Lahtis, Finland.
/^OMMANDER HOOPER, in
^ dum to the Federal Radio
on short-wave allocations, stated
crease inforeign short-wave stations

a memoranCommission
that the insince March

RADIO was honored by a place in the Republican platform, drafted at Kansas City,
with an innocuous platitude to the effect that
the Republican party is in favor of radio broadcasting. The election of Candidate Hoover, however, would be a great blessing to radio because
he understands its problems thoroughly by
intimate contact therewith and has had actual
experience with broadcasting problems. Governor Smith, the Democratic nominee, also appreciates the value of radio as a medium of
political expression, although we would not like
to see his private method of pronouncing the
usage. "radio" become the generally accepted
word
THE United States Customs Court sustained
the protest filed by H. Scott Martin that the
duty assessed on radio tubes should be 30 per
cent, instead of 40 per cent, because they should
be classified as "machines and parts thereof not
specifically provided for" rather than "manufactures ofmetal,
not specifically
provided
for"
as they have
been classified
by customs
collectors
in the past.
THE Zenith Radio Corporation, in its
annual report, covering the operations of
the last ten months, reports net earnings of
$727,995.29,
deductinganddepreciation,
commissions,after
bonuses, royalties
taxes. Inventory
amounts to about a quarter of a million.
npHOMAS
A EDISON
will build
I nation electric
phonographs
and combiradio
receivers in cooperation with Splitdorf. Presumably these sets will be for listening to sporting
events mentwhich,
according
statesome months
ago, istotheMr.
onlyEdison's
useful service
so unmusical a device as radio can render.
J. D. R. FREED was recently issued patent No.
1,671,959, describing the use of bypass condensers as a means of eliminating reactive
coupling in radio circuits. If this patent is sustained in the courts, practically every receiving
set manufactured will fall within the scope of its
claims. It looks like a great opportunity for a lot
of lawyers to make a lot of money. . . . Judge J.
Brewster of the U. S. District Court in Massachusetts held, in a decision favorable to the Hiler
Audio Company and unfavorable to the General
Radio Company, based on patent 1,589,692, that
the patent is basic for all forms of doubleimpedance audio frequency when plate and grid
impedance are located within one can or housing.
The decision ought to please the can manufacturers. ... A recent list of licensees under
John V. L. Hogan's patent No. 1,014,002 reveals
that over 90 per cent, of the radio sets manufactured this year are licensed under that single
control patent. . . . The Lektophone Corporation
has completed negotiations with Standard
— E.toH.repreF.
Telephones & Cables, Ltd., London,
sent the corporation in Europe.
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Resistance-Coupled

HERE are the constructional details for a
high quality audio and power amplifier
together with a power supply unit which
vill supply B voltages to the r. f. amplifier with
vhich it is used. If a.c. tubes are used in the r.f.
ind a.f. amplifier, the filament windings on the
>ower transformer may be utilized for filament
urrent, thus providing complete light-socket
iperation. The entire unit is one of good engileering practice as applied to both amplifier and
>ower elements.
The combined unit was designed to meet the
xacting requirements of an audio amplifier sysem which in itself should be capable of giving
ligh quality reproduction ; that is, this part of the
ssembly was expected to possess a fairly flat
requency characteristic over the range from apiroximately 50 cycles to about 5000 cycles. It
fas realized, of course, that the radio-frequency
nd of the receiver might appreciably alter this
miformity of audio-frequency characteristic.
Glancing at Fig. 1 and 2 it will be noted that
he entire assembly of parts is such as to form
everal sub-groups; that is to say, the power
ransformer and filter condensers form one lineip; the rectifier tube, C-bias resistor and choke
oils a second line; while a third group embodies
. potential dividing resistor and bypass conlenser network together with an anti-motorloating feature incorporated in the amplifier.
~he audio
amplifier
makesis up
a final
;roup
assembly
which, system
incidentally,
placed
in a
losition as far away as possible from the transormer, so as to eliminate all stray field coupling.
:urther, the method of wiring largely helps in
emoving noise background from the audio outiut caused by stray fields, a.c. lines, etc.
Although the amplifier illustrated in this artile employs d.c. type tubes, there is no reason
thy a.c. tubes cannot be used in the unit so as to
nake it completely a.c. operated; the filament
/indings on the power transformer may be used
o supply filament current for the a.c. tubes. We
lave therefore indicated in Fig. 2 in dotted lines
he circuit arrangement to use with a.c. tubes.
*lo changes are necessary in the values of couiling resistors and the only additional parts retired for a.c. operations are two resistors for C>ias, one with a value of 6000 ohms and another
fith a value of 1000 ohms. The a.c. tubes of
ourse replace the type 340 and type 112 tubes
nd make it unnecessary to run C-battery or A>attery leads to the amplifier. For VTi we sug;est the use of a CeCo type G high-mu tube,
rube VT2 may be any standard type 227.
THE AUDIO AMPLIFIER
THE audio amplifier system is made up of two
stages of resistance coupling feeding into a
ligh-grade push-pull output stage employing
10 type tubes. Such an arrangement generally
ulfills the requirements of even the most exactng set owner.
This type of amplifier was adopted only after
lose study of the problem. It was felt that a
iroperly designed resistance scheme of tube
oupling in the detector and first audio stages
fould result in an amplifier having a flat charxteristic, provided the number of high-mu
ubes could be held at a minimum. For the latter

and

Power

Amplifier

Supply

By J. GEORGE UZMANN— to
Dubilier Condenser and Radio Corp.

ESI STANCE-COUP LED amplificaHon has not been used to any great
extent in home constructed power amplifiers
and its use in Mr. U^mann's unit in combination with a push-pull output stage should
prove interesting to many of our readers.
Resistance-coupled amplifiers — properly designed— are noted for their excellent frequency
response. The amplifier utilises a circuit
arrangement which prevents motorboating, a
fault experienced with some resistancecoupled amplifiers and which has, in the
past, perhaps made some builders hesitate to
construct an amplifier of this type.
Storage battery type tubes are used in this
amplifier because it was constructed before a.c.
high-mu tubes were available, but tubes of
this type can now be obtained from CeCo,
A returns and others and may be used to make
the amplifier completely a.c. operated. Their
use in this amplifier is covered in the text
of the article. — The Editor.

reason either a 30 Mu or CX-300A tube should be
employed as a detector, while a cx-340 high-mu
tube is used in the first audio stage. A detector
plate resistor of 100,000 ohms is suggested for
the CX-300A detector, and a resistor of 250,000
ohms for the cx-340 tube. The grid leaks are of
2-megohm size.
Any three-stage audio amplifier system supplied from a common plate voltage source, and
particularly from a socket power device, possesses
characteristics which tend to throw such a cir-

cuit into audio-frequency oscillation — more commonly called "motorboating." In an effort to
eliminate such a condition an anti-motorboating
device was incorporated in the amplifier circuit.
It consists of a 25,000-ohm wire wound resistor,
R2, connecting between the B plus 135-volt
tap of the power supply and the detector plate
resistor, together with a bypass condenser, C3,
of 1.0-mfd. capacity.
Incidentally, the audio input terminals of the
amplifier do not include an r.f. choke and bypass
condenser since it was believed that this practice
is almost standard and usually included in the
detector output. It is important, however, that
such an arrangement be used.
The C-bias potential for the 340 tube, being
small, is obtained by taking the voltage drop
across its filament. For the second audio stage
bias voltage is obtained from a small external
Cthebattery.
A high-grade push-pull input transformer is
used to connect into the cx-i 12A output circuit.
The complete stage is of standard design and
employs a push-pull output transformer, T2.
310 type power tubes were adopted for this stage.
THE POWER SUPPLY SYSTEM
THE power transformer, A, has a tapped
primary which readily permits of circuit adjustments suitable to meet varying line conditions without the necessity of variable resistors.
Its high voltage winding outputs either 550 or
750 volts, making it suitable for a cx-381 type
half-wave rectifier tube. For the audio and radiofrequency plate supply under discussion it will
be found that the 550-volt tap is correct, otherwise the cx-310 plate voltage will be excessive
and will result in poor tube life. Further, at this
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voltage the rectifier tube will be operated well
under its maximum rated value.
The power transformer, because of its several
low-voltage windings, also supplies a.c. filament
voltage for the rectifier tube, the power amplifier
tubes, for a number of 326 types, and also sufficient current for two 327 tubes — thus complete
receiving set electrification is available.
C-bias potentials for the power amplifier tubes
are obtained in quite the ordinary manner by
means of the several bypassed wire wound resistors going to the mid-point tap of the transformer filament winding feeding the power tubes.
A fixed resistor in series with one of variable
type efficiently prevents one from accidentally
cutting out the entire resistance and thereby
operating the cx-3 10 tubes without a C potential,
which would result in damage to both tubes.
THE FILTER NETWORK
network is probably the most imfilter
THE
portant unit of a power supply system. In
the apparatus under discussion the writer employed choke coils of high inductance and of a
type which could be operated at high current
densities without fear of loss of inductance, or
possible core saturation.
Across the filter output is connected an efficient
wire wound potential dividing resistor, Ri. Its
total resistance amounts to 41,000 ohms and is
tapped to provide the more commonly required
B voltages. Each tap point is bypassed by means
of condensers, as shown.
Some readers may want to use this power amplifier inconjunction with a dynamic type loud
speaker. Loud speakers of this type can be ob-
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tained, designed to operate with a field excitation of about 60 milliamperes. This current can
be obtained by connecting the field winding of
the loud speaker in series with the filter system
at the point marked X in Fig. 2.
GENERAL ASSEMBLY AND WIRING
THE preceding remarks may be considered
in the light of the writer's idea of a set of
specifications for building a high-grade power
supply and amplifier system. And from it the
reader may readily determine if the layout meets
his requirements,
As to making up the general assembly no working dimensions are necessary, as Fig. 1 shows the
best part arrangements, considered from an electrical viewpoint, and just where each piece of
apparatus
is to used
be placed
on the 17"
x 21" inch
drafting board
for mounting
purposes.
The wiring plan adopted is somewhat novel
and seldom seen. It will be noted that a series of
braided lead wires are employed throughout, and
in final form it is apparent that a neat and workmanlike job results. The scheme is also one giving maximum insulation, since each lead is kept
in a definite position with freedom from short
circuits, broken connections, etc. High-grade
rubber-covered stranded copper wire should be
used for this purpose. The wire employed in the
author's model was called " Rise Wire," made by
the Belden Company; of course, any other equivalent type should prove suitable.
Perhaps the reader shall wonder what part is
played by the several two-post terminal blocks.
The block shown in Fig. 1 to the right of the resistor R3 is merely a simple arrangement for
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feeding either 550 or 750 volts to the rectifier
plate. A similar block will also be found facing the
input push-pull audio transformer, Ti.
A jumper normally closes the latter terminals,
since these happen to be in the grid return circuit
of the power tubes. If a galvanometer is placed
in this circuit we at once have a visual indication
of the flow of grid current and, of course, such a
condition simply means a distorted power output.
Connecting a high-resistance voltmeter across
points Y and Z of the power tube C-bias resistors,
as shown in Fig. 2, permits a correct voltage adjustment bymeans of the variable resistor. At a
plate potential of 425 volts for the 310 tubes the
normal resulting bias voltage should be 35.
The only nut-clamped connection of the set
wiring will be found to be the lead wire going to
the first choke coil. Connecting a milliammeter
between these points permits taking a reading of
the total direct current drain of the system. It is
most important to determine that in no case
should the plate voltage of the power tubes ever
exceed 425 volts; filament voltages, both a.c.
and d.c, should also be measured; in this way
high quality reproduction and long tube life will
be realized.
If the above instructions are carefully followed
out, and the arrangement used as indicated, the
amplifier will show an overall voltage amplification of about 3450 or a gain of 71 tu; while in
terms of power amplification it is capable of
producing up to 3 watts of undistorted energy.
The maximum input signal voltage from the detector to produce maximum power output will
not have to exceed 1 1 5 millivolts r. m. s., so there
is
no possibility that the detector will be overloaded.
lists of parts
THE parts listed below are those used in the
particular unit described in this article, but
since none of the parts are of special design there
is no reason why the builder should not substitute
for the parts indicated below, other units with
equivalent 667
characteristics. Frost, for example,
makes wire-wound resistors that may be used
for item Ri, and Centralab makes wire-wound
resistors that can be utilized in place of resistor
R3.
A — 1 AmerTran
power transformer, type PF281
9°7\. choke
B — 2 AmerTran
coils, 20 henries, type 709
Ci — 1 Dubilier power condenser, 2 mfd., type 666
C2 — 2 Dubilier power condensers, 4 mfd., type
C3 — 6 Dubilier bypass condensers, 1 mfd., type
C4 — 2 Dubilier moulded Micadon condensers,
0.01 mfd.
Gi — 4 sistors
Dubilier Metaleak grid and -plate reG2 — 4 Daven grid leak mountings
H — 2 Amperites, 0.25 ampere, No. 1 A
Ri — 1 Ward Leonard AmerTran resistor, type
R2 — 1 Ward Leonard resistor, 25,000 ohms, type
R3 — 1 Ward
507-65 Leonard Adjustat, 1000 ohms, type
R4 — 1 Ward Leonard resistor, 500 ohms, type
507-6
507^17
507-7
Ti — 1 Samson
input transformer, type Y
T-2— 1 Samson output transformer, type 0-3
5 Benjamin 4-prong sockets
Mounting board,
17" xstrips
21"
71 Composition
terminal
Hook-up wires, screws, nuts, etc.
1 cx-340
(Ceco type G high-mu tube
for a.c. tube
operation)
1 cx-i 12 tube(cx-327 tube for a.c. operation)
2 cx-3 10 tubes
1 cx-381 tube
Note: A 6000-ohm and a 1000-ohm Cbias resistor are also needed, as shown in
Fig. 2, if a.c. tubes are used in the a.f.
amplifier

WE HAVE already
published some data
obtained in the Laboratory on several of
the a.c. screen-grid tubes which are appearing on the market. The curves shown
in Figs, i and 2 are taken from the Arcturus Bulletin and give interesting facts
an the Arcturus tube of this type. The
electrical characteristics are given below:
Heater potential . . . 15.0 volts
Heater current .... 0.35 amperes
Control-grid potential . . -1.0 volt
Screen-grid potential . . 30.0 volts
Plate
potential ....
135 mA
volts
Plate current
. . . . 1.0
Screen-grid current
. . 0.50 mA
Amplification
400
Plate resistancefactor . .. .. 700.000
ohms
Mutual conductance
. 570 micromhos
Screen-Grid and
Automatic
Receivers

a

1 \
I

The interesting fact, shown on Fig. 2,
is the marked peak in the value of mutual
conductance and amplification factor at
minus i-volt bias on the control grid.
From all appearances there will be few
commercial receivers using screen-grid
tubes available for some time. As usual
the home constructor is still able to keep
far ahead of the commercial receiver
manufacturer; he still has better audio
amplifiers than the majority of receivers,
and he can build one of several kits now
on the market using screen-grid tubes.
It is interesting to note that English
set manufacturers are ahead of the Americans in the use of the screen-grid tube.
The Marconiphone 6i uses three screengrid tubes, each with a voltage amplification of 30 — which amounts to about
27,000 before the detector — and a two-stage
resistance-coupled amplifier which brings up the
total voltage amplification in the receiver to
about three quarters of a million. The entire
receiver is copper shielded, each stage being carefully isolated from the others except through the
proper conductances. In a loop ten by twelve
inches in size, it is possible, in London, to bring
in wjz and wgy with loud speaker volume. Set
Data Sheet No. 8, on page 278 of this issue of
Radio Broadcast, contains more information
on this interesting receiver.
The Radio Exchange receiver — also sold in
England — uses two screen-grid tubes, has six
sets of circuits each of which is permanently
tuned to a given station and which is connected
with a switch on which is engraved the name of
the station.
At the Radio Trade Show in Chicago there
were several screen-grid receivers, and at least
one automatically tuned receiver, the Zenith. So
far as we could see, there was little interest in the
latter, although many people wanted to learn
more about the screen-grid tube sets. We hope
to present data on these receivers soon. The fact
that few people seemed to care for automatically
tuned receivers is but a commentary on the
American's point of view — he wants to do his
own tuning! The automatic tuning feature
seems best suited to nickle-in-the-slot radios
which will probably appear in pool rooms, cigar
stores, ferry boats, chop Epsuey joints, etc.
1,400.000
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THE following letter from
Trailing "Power A. B. Chastian, Tulsa, OklaLeak" Interference homa, describes one source of
what is usually called "power
leak" interference, which may give many radio
owners an opportunity to go through their own
premises to see if occasional noises originate close
to home in some unsuspected part of the house
lighting system.
To the Editor:
You might be surprised to find your
bothersome
interference
close at hand."power
Witnessleak"
the following
case:very
A noise that sounded like a leak from wind
blown wires scraping on a wet roof had been
reported from widely separated points in the
city. Because of the similarity of descriptions
the trouble was believed to emanate from one
source, but my part of it was traced to a
swinging light fixture which had served for
several years as both light and plug-in for
various household appliances.
I did not suspect the lights for a long time,
as the trouble would appear at any time,
especially in wet weather, regardless of
whether the lights were on or off. However,
after much trouble shooting on an unusually
damp day, in desperation I gave this fixture
a gentle slap, and though it was turned off,
the interference responded to the resulting
motion of the fixture.
The old crumbly rubber insulation on the
fixture wires was found to be chafed away
in places by the metal parts of the fixture,
causing a contact of high resistance which
respondedbrations oto
conditions asand
vif the weather
room, sometimes
a loud
continuous hum and again as an intermittent
hum or sharp crackling.
Where interference sounds of this sort are
heard, I would direct suspicion to any near-by
fixtures, especially those having pull chain
9 the fixture when
or key switches which 25jar
used. The joggling of the fixture chafes the
insulation and causes these near-shorts, and
in time will cause a real short that may prove
dangerous.

AFTER stating a
SMore 'Radio number of complimenHoaxes
tary things about Radio Broadcast, Mr.
Ernest G. Kroger, Radio Operator on the
SS. J. L. Luckenback, says, " I am particularly interested in 'Strays from the
Laboratory.' That was a hot expose of
the output transformer in the July issue.
I opened one I bought for $i .40 and found
the same thing that you did. It carried
the fancy name of 'Tone Filter.' Mr. A.
H. Klingbeil's theory on fading due to
street cars may be o. k. where he lives;
maybe he can come forward now and
give some explanation of fading on the
It
is apparently
While
we are on Mr.
the Klingbeil's
subject of move.
radio
high seas."
hoaxes,
we must congratulate Radio News
on exposing the inner works and methods
of
sale of We
theGeppert
" KleerTone"
cure-all.
have already
commentedradio
on
devices that eliminated static, increased
volume, increased d.x., and decreased the
A- and B-battery consumption. In July
Radio News the Geppert wave trap — selling at $4 — is described, and as the editor
states, better devices can be purchased
for less than $\.
Another thing we should like to see exposed isthe freak antenna, and we should
like to get at the truth of this underground antenna business. Has anyone any
data — not qualitative statements, but
definite quantitative data — on relative
signal strengths obtained from a 50-foot
wire strung out in the open and the same length
of insulated wire buried in the ground?
SEVERAL months ago we
cAt Last— A Line announced that automatic
'Voltage Regulator voltage regulator devices were
soon to be on the market. The
idea is to place one of these devices between the
a.c. line and one's a.c. receiver or power supply
or other apparatus requiring a constant input
voltage. When the line voltage goes down, this
device boosts the voltage, and when the line voltage goes up, the device reduces the voltage to
that required by the -9.1
receiver, let us say, and
absorbs the additional voltage within itself. The
data below is the result-12.8
of a test in the Laboravoltage
tory on the Acme Apparatus Company's unit.
Volts input
line from
loadto 18Percent
-1.0over- Outputwattvolts
96
0.0
-14.5
110
100
120
110
110
110
voltage
94 input
110
Volts from
126
loadto 75+9.1over- Outputwatt110
Percent
volts
line
+14.6
108
123
110
109
109
The device is designed to operate with appaI.MU>- ICljUlllllg IIUL UVCI
+11.8 UU WdUS, WIIIL-I! WUUIU
include all standard a.c. receivers getting filaig
2.800,000
1,600,000 a.£5
GmJ
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2,000,000
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\
\
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the impedance is inductive and low. Currents of
other than the resonant frequency, then, do not
build up such high voltages which may be applied
to the following tube. Therein lies the selectivity
due to such a tuned circuit. It will be increased
as we decrease the series resistance. This is the
reason for combination
the "low loss"
craze.
A good
coilcondenser
is one
which
has little
resistance in it and which has, therefore, a sharp
resonance curve.
Since a resistance in shunt to this circuit has
the same effect as a smaller series resistance, the
tube resistance, Rp, of the previous tube tends
to decrease the selectivity of the circuit, especial y ifit is connected across the entire coil.
This is one reason why a step-up transformer is
used. It may be looked at as a kind of selectivity
transformer. Instead of shunting the entire
tuned circuit with Rp, which may be 10,000
ohms, we step-up this resistance to about 200,000
ohms by connecting it across only part of the
coil or through a small primary coil. Multiplying
Rp by the square of the effective turns ratio, N,
which usually amounts to about 20, adds a much
lower effective series resistance in the circuit
than if the 10,000 ohms were across the whole
coil. The greater the mutual inductance, the
poorer the selectivity; the fewer the number of
primary turns, or the looser the coupling to the
secondary, the greater the selectivity.
It is also true that the greatest voltage amplification will take place in such a system when the
effective impedance in the plate circuit of the
amplifier is equal to the plate resistance of the
tube. That is, for maximum amplification
L
Cr
LJ to2
where N is the turns ratio of the transformer
R,, is the plate resistance of the tube
C is the capacity of the circuit
^max
When these conditions are fulfilled, by means
of the turns ratio of the transformer, the
maximum voltage gain, K, is

FIG. 3
ment and plate power from the house lighting
lines. On a load of about 135 watts, the device
did not regulate the voltage — but of course it
was severely overloaded under these conditions,
making the test unfair. The figures above are
conclusive evidence that under the conditions
for which the device was designed, almost perfect
regulation is obtained by its use. We hope the
Acme Company gets at least half the million
dollar business we predicted for a device of this
kind! It is the first such device tested in the
Laboratory.
THE coils used in present
Some Coil
day receivers control to a
^Measurements large extent both the selectivity and sensitivity of those
receivers. All receivers with which we are familiar
use the well known parallel tuned circuit — the
"anti-resonant" circuit of the telephone engineers— shown in Fig. 3. The input to this circuit
is usually a small coil acting as the primary. P,
of a transformer whose secondary is the inductance, L, which is tuned by the variable condenser, C. The input of the following tube is
placed across this shunt circuit.
The impedance of such a circuit, at resonance,
is expressed as
Z
where L is the inductance of the coil in henries
w is equal to 6.28 times the frequency in
r iscycles
the series resistance of the coil and
condenser in ohms.
The impedance at any other frequency than
the one to which the coil and condenser are
tuned is lower than the above formula gives.
At higher frequencies the impedance is essentially capacitive and low; at lower frequencies

N2

VT

Under these conditions the series resistance of the
tuned circuit is twice as great as it would be if
the coil-condenser combination were unattached
to the previous tube.
The expression K above may be divided into

TABLE 1
Coil

F k.c.

t
ligihng
ps sac

550
1000
1500
550
1000
1500
550
1000
1500
550
1000
1500
550
1000
1500
550
1000
1500

3"
Hammarlund
Roberts "
ial 3
Spec
Coil No. 1 3"
Coil No. 2
Coil No. 3
Note. F
R
LD

=
=
==

R
ohms
4. 1
6.5
9.5
3.1
4.4
7. 1
2.6
3.7
6.0
7.2
11.1
14. 1
3.9
6.0
9.0
3.7
5.7
8.9

L

D

L/D

Wire No.
B & S

1.09

3

.36

24

1.69

3

2.25

3

. 75

22

1.44

2

.72

26

56

2.63

2

1.31

22

34.5

2.1

2

1.07

24

frequency in kilocycles
high-frequency resistance in ohms
length
inches
diameterof winding
of coil inininches

.56

22

Turns
inch
41
29
23
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N
45

Ins.
D.S.C.

Ind.
170

52
80

76

FIG. 5

two parts, one giving the amplification due to the
tube jt== and the other giving the amplification contributed by the coil —The factor due the tube is not the same as the
mutual conductance, which is iVRp, nor is the coil
gain
equal to theof"Q"
the coil,
which is
is
Lw/r.factor
The selectivity
the ofcircuit,
however,
more nearly
to "Q" and so this
figure
of merit proportional
of a coil is useful.
In Table 1, the first three coils listed are Hammarlund coils; the remainder are inductances of
other manufacturers. This information is sufficient to enable
anyone
calculate factors,
the "Q" andof
the coils,
to estimate
theirto selectivity
to calculate the maximum voltage amplification
that can be secured from a tube and coilcondenser combination of this nature.
The effect of coil dimensions, of the L/D ratio,
of the spacing of the wires, and of the size of wire
will appear in these tables. It has been known for
a long time that the most efficient coil is one
whose length of winding is equal to the diameter,
and it is interesting to note how nearly this rule
holds for the coils listed in the tables.
As has been pointed out in Professor Hazeltine's patent No. 1 ,648,808, reducing the primary
turns to half the number required for maximum
voltage amplification at resonance, reduces the
resonant values only twenty per cent, compared
to 50 per cent, at other frequencies. This means,
of course, a material increase in selectivity. And
in these days what everyone needs is selectivity!
Another
Patent Muddle

50

Enam.
D.C.C.

240
168

s.s.c.

170

35
74
N = total number of turns
Ins. = insulation
Ind. = Inductance in microhenries
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THE diagram in Fig. 4
is taken from Patent No.
1,658,805, issued to Lester L.

capacitive-coupling control system, Jones,
dated on
Feb.a 14,
1928 (original
filed Dec. 15, 1922) and in Fig 5 is a diagram
taken from Patent No. 1,648,808, issued to L. A.
Hazeltine on a wave signalling system, dated
Nov. 8, 1927, filed Feb. 27, 1925. We should like
some technical minded reader to tell us how thest
differ.
It will
test but
not ofonly
one's
knowledge
of be
radioa good
circuits,
how ofpatent
lawyer's minds work. On the basis of Mr. Jones
patent, suit was filed against the Freed-Eisemann
Company
an authorized
Stromberg-Carlson
dealer
someandtime
in May, 1928.
Keith Henney
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Radio Broadcast's Home Study Sheets
Measuring the Amplification Factor of Vacuum
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Tubes

-27T
WITHIN the glass bulb of the main thewaygridtoward
circuit,the orplate.
hastens them on
their
** jorityceivingofsets vacuum
'tubes
used
in
reto-day are three metallic
Since
[the
grid
is
closer
plate
RADIO BR0ADCAS1
elements: the filament, which gets its
to the source of electrons, itthan
has athegreater
/
LABORATORY
effect
on
their
rate
of
travel.
The
relative
voltage
from
the
A-battery;
the
grid,
ibe
which is connected to the radio circuit
effect of grid and plate upon the plate
CoN
through a C-battery; and the plate, which
current is called the amplification con//
takes current from the B-battery. Since
stant (the symbol is the Greek letter
Ce
each of these three voltages is variable,
mu, (X)dataandin isthedetermined
the
above
following from
way. Let
the actual operation of the tube is some0
what complex. The effect of varying the
us
consider
the
Ip-Ep
curve
in
Fig.
3,
/
filament voltage has been determined in
which represents the variation of plate
f
current with variation of plate voltage.
Home Study Sheet No. 3. (page 205,
August Radio Broadcast). We shall now
Choosing values from the curve for
fix this voltage at some definite value,
Eg = minus 3, we note that at 67.5
*
and notice the results of varying the
volts the current is 7 milliamperes and
/
other two voltages, one at a time. The
at 50 it is 4 milliamperes. Thus a
apparatus needed will be as follows:
change
of 17.5 plate volts causes a change
y
in plate current of 3 milliamperes. Now
the question arises, what change in grid
LIST OF APPARATUS
voltage will cause the same change in
1. The baseboard
set-up4. used in Explate
Looking
the 67.5-voIt
periments No. 3 and No.
curve current?
of the Ip-Eg
graphat(Fig.
1) show2. A source of filament current, say a
ing
how
the
plate
current
changes
with
6-voIt storage battery.
3 2
grid voltage changes, we see that at zero
3.
A
C-battery
with
taps
at
1.5,
3.0
grid
volts
the
plate
current
is
11.5
milliand 4.5 volts.
and at minus 2.3This
the represents
plate cur, VOLTS
rent is 8.5amperesmilliamperes.
Two 90 B-batteries
with taps at 45,
67.54. and
volts.
a
plate
current
change
of
11.5
—
or 3
FIG. I
milliamperes caused by a grid8.5,voltage
5. A milliammeter reading up to 10
change
of
2.3
volts.
From
these
figures
we
milliamperes. A Weston Model 301
can determine mu.
5-milliampere
was meter
used inwith
the LabThe amplification constant is calculated then as follows:
oratory. A lowmeterrange
the proper shunts may be used.
change in plate volts
6. A filament resistor to reduce the 6 volts from the battery to the
67.5-50
proper value for the tube, 5 volts. A rheostat or fixed resistor of the proper
change _in17j>
grid volts to produce a given plate current change.
value may be used.
Mu =
PROCEDURE
The beimportant
must
divided thing
by to note here is that it is the change in voltages that
2.3not the2.3 =
Connect
up
the
apparatus
in
the
following
manner,
as
shown
in
Fig.
2:
each
other,
1. Plus A to one end of the filament resistor.
actual voltages at any
2. Clip 1 to other end of resistor.
particular point.
3. Minus A to clip 2.
These changes in voltRADIO BROADCAST
4. Minus B to clip 2.
/
LABORATORY
1
5. Plus C to clip 4.
only ages
overmay bethatreckoned
part of
6. Milliammeter between clips 6 and 7.
the
Ip-Ep
and
Ip-Egr
Ce
CoN
-27
Tube
Connect leads with Eureka or similar
clips
onj
one
end
to
terminals
curves
which
appear
5 and 8. These will enable the C to be straight lines.
and B voltages to be changed
The smaller the length
)Carve
quickly and easily.
straight lines
If fresh B and C-batteries are used ofthatthese
are used in our
Ip-E
it will not be necessary to measure
calculations, the
their voltages,
any con-in greater will be the
ditions we are and
moreunder
interested
accuracy withmuwhich
M
the effect of varying these voltages the
will
than in their exact values. Inas- checkvaluethatof obtained
much as the characteristics of two on an accurate vac/ /
tubes of the same type from the
uum tube bridge.
same factory differ slightly, it is not
/
—3
necessary to know the C and B voltPROBLEMS
ages with great precision.
45
Make the grid negative by plac1. Plot all of the
ing the wire on clip 5 on the minus
—1
data in Tables 1 and
A
4.5-volt
tap
of
the
C-battery.
Read
2,
and calculate the
the plate current when the plate amplification
factor
FIG. 3
lead, clip 8, is placed on the 22.5 or at a number of points
FIG.
45- volt creasetapthe Bofvoltage
the B-battery.
the curve. Plot
in steps upNowto in90 on
—4
these values against
and then repeat the measurements
plate voltage
and then
Ep VOLTS
with different values of C voltage, say minus 3, minus 1.5, zero, and plus 1.5 against
grid voltage.
volts. Set down the data in the form shown in Table 1 which is the result
2. Calculate the
of measuring a Ceco heater or 27 type of tube. Zero C voltage is obtained
value of the resistor
by connecting clip 5 to minus A or clip 2. Plus C voltages are obtained by needed
to cut 5.down the A battery voltage, 6, to the voltage required by
reversing the C-battery connection, that is, connecting minus C to clip 4. the filament,
Now take data by changing the C voltage or bias, keeping the B voltage
3. Repeat the above experiment for other types of tubes in your
fixed. That is, fix the plate voltage at, say 45 and read the plate current laboratory.
as the grid voltage is changed from minus 4.5 to minus 3, etc., until the
4. Should the Ip-Eg curves be steep or flat for a high-mu tube? For
plate
current
too great
tabulated
in theis form
shown forin the
Tablemilliammeter
2. The data tofromread.
theseThistwo data
tablesis a power tube?
should now be plotted as shown in Figs. 1 and 3.
TABLE I
DISCUSSION
Data for Ep-Ip Plate
curves current (Ip) in mA.
0
5
5
5
Grid volts 0
The electrons which boil out of the filament when it is heated by the
En0 = plate volts
A-battery current flowing through it are negatively charged. The plate,
0
2.8
1
5
1
5
3
8
22.5
which
is
charged
positively
by
the
B-battery,
has
a
very
strong
attraction
67.5
45 ——10
6.4
4 7 3 5 2 4
7 6
for these electrons. They, therefore, hurry toward the plate carrying with
7
0
10.4
8
5
5
5
11
0
8
them their electric charges. If a certain number, 6.8 x 10IS per second,
11 450 9 4
90 ——— 6
arrive at the plate, the flow of current out of the B-battery, through the
42
TABLE 2
plate current meter, and back to the negative side of the filament — where
this part of the plate circuit is attached — is equal to one ampere. In reData for lp-Eg curvesPlate currents (Ip) in mA.
ceiving tubes the current is of the order of thousandths of amperes, or
6.0
6.8 x 1015 electrons per second. The greater the plate voltage, the greater
67 5 907.0
Plate voltages 22.5
the number of electrons that arrive per second. Consequently the greater
.25 1 0 2 0 +18.5
grid volts
is the plate current.
.3
12 3 2
Between the plate and the filament is the grid, a sort of turnstyle which
1 8 5 3
regulates the number of electrons that get past it. How? The voltage of
2.9
.55
0 6 6 11.0
3
this grid can be made positive or negative with respect to the source of
Eg
=
4.5
4
7 8 8 14.0
the electrons. If it is negative, it tends to repel any electrons that come
19.5
8 11 5 17.0
0
6
along on their way to the plate. They must either return to the positive
.4
8
7 14 0
1.4
side of the filament, or float around in the space between the grid and
6.2
11
0
16
22.0
5
the filament. Some few of them get through to the plate. If the grid is
8.0
made positive, it accelerates the flow of electrons from the filament, and
10.0
either attracts a number of them to itself, producing a flow of current
+ 2
+ 4
+ 6
+ 8
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Tube Characteristics

does inmine itsa value.
radio circuit if small grid voltage changes are used to deter/_pHE
three circuit
important
in a radio
are: factors governing a vacuum tube's operation
The amplification factor may be found as in Sheet 5 or by multi_
change in plate voltage
plying the plate resistance in ohms by the mutual conductance in
1. Amplification Factor, (J. = —change
r in; gridrjvoltage
rr
mhos, since a little juggling of the above formula for these values
to produce a given plate current change.
shows
such
a relation to exist, that is pt = Rp x Gm
change
voltage
2. Plate Resistance, Rp = change
— 2 — inin:— plate
!1t—
plate
current ;
PROCEDURE
or, the effect upon the plate current of changes in the plate voltage.
„- . . , _
change in plate
current
Determine the plate resistance and mutual conductance for several
—
-; — - — in; gridr-voltage
3. Mutual Conductance, Om = change
values of plate and grid voltages, taking the data from that obtained in
or, the effect upon the plate current of changes in grid voltage.
Sheet No. 5. Plot these values as shown in Fig. 1 and Fig. 2.
Determine the values of plate resistance and mutual conductance by
Home Study Sheet No. 5 gives sufficient data to determine all of these
taking the slopes of the curves at the proper points, and see how
factors.
The plate called
resistance,
Sheet these
No. 4.)values check. (Note: The term "slope" was explained
f\
20 20,000
sometimes
the innearly
internal resistance or
/
/
impedance of the tube
DISCUSSION
may be determined by
dividing a change in
The curves made by plotting the data secured in the experiment in
plate voltage by
the Sheet
/
No. 5 are known as static characteristic curves, and the values
corresponding
change
of Mu, Rp, and Gm are called the static characteristics of the tubes under
in plate duces.
current
it
protest.
They
tell us all we need to know about a tube to predict what it will
Care must be
in nearly all kinds of electrical circuits.
taken to use the proper do The
amplification
factor gives us an idea of what happens when a small
units, that is, volts must
m
voltage is impressed on the grid. This voltage reappears in the plate
be divided by amperes
r
circuit
of
the
tube,
by the amplification factor. For example
/
— not milliamperes. For if the tube has a mu multiplied
of 8 and a signal with a value of one volt is imexample,
let
us
deterp
r
e
s
e
d
o
n
the
grid,
then
there
appears in the plate circuit a signal with
/
mine the impedance of
the same form as that impressed on the grid, but with a value
tube used in Sheet ofexactly
<> the
eight
volts.
In
bridge
methods
of measuring the mu of a tube, a voltNo. 5 at minus 3 volts
is introduced into the plate circuit which is opposite in direction to
1
grid bias. We look at that age appearing
there
due
to
the
voltage to the grid. When this
/A\\1
Fig.
3 onthat
Sheet
No. 5 opposing voltage in the plate circuit input
is equal to mu times the grid voltage,
and see
at minus
the
two
voltages
cancel
each
other
and
silence
is obtained in a pair of
3 voltsrent is 7themilliamperes
plate cur- headphones. The mu of a tube is practically constant
over the entire range
t
of
operating
voltages,
as
can
be
seen
by
refering
to Fig. 2 on this sheet.
when the plate voltage
other constants of a tube vary considerably with the applied plate
isg67.5 and (about 3.5 The
voltages.
milliamperes when the andThegridmutual
§5— .
conductance of the tube tells us how great a change in
Then,
plate voltage is 45. plate
current will occur if the grid voltage is varied. For example, if
the
Gm
of
a
tube
is 600 micromhos a volt a.c. input to the grid will produce an a.c. current in the plate circuit of 600 microamperes. This change
-J.
P .007-.0035
in current may be used to set up a new voltage which may be again amplisucceeding
tubes.of the tube gives us an idea of what happens to
4/
Thefied byplate
resistance
= 67.5-45
these plate current changes produced by grid voltage changes. If the tube
This
resistance varies
ohms. had no resistance, all of the a.c. plate current would be useful across
— 0Q35
with
each= "457
change in the coupling device in the plate circuit of the tube. Since, however, the
+tube has a resistance, this a.c. current must flow through not only the
plate
and
grid
voltage.
FIG. I
When it is determined
coupling device, but through the plate resistance as well.
If the plate resistance of the tube is 30,000 ohms and the coupling
by the above method,
Note : The word microhms at the right on this small
resistance has a value of 60,000 ohms then the total signal voltage in the
changes
in
plate
diagram is an error. It should be micromhos voltage should be used. plate
circuit is divided into two parts, two-thirds of the voltage appearMore accurate results
ing across the coupling resistance and one-third across the plate resistotalor a.c.
voltagedevice,
developed
the plate
circuit is divided bewould be obtained if changes of ten volts were used instead of 22.5.
tweentance.theTheload,
coupling
and thein tube
resistance.
At low plate voltages the plate resistance is relatively high and as the
If a coupling device is used which has considerable resistance, the voltplate voltage is increased the plate resistance decreases, rapidly at first
age actually on the plate is not the same as the B-battery voltage but is
and then more slowly as the normal operating voltage is reached. This
less by the drop in voltage across the coupterm "plate resistance" is a measure of the
ling resistance: the voltage drop being deterplate circuit's
resistance
to
the
flow
of
alterby ohm'sBroadcast.
law. See Home Study Sheet 4,
nating current. The resistance of the plate cirAugust minedRadio
cuit to the flow of direct current is equal to 40
The amplification factor of a tube varies
the voltage on the plate divided by the d.c.
inversely as the spacing between the wires
plate current in amperes. For example, in
forming the grid and directly as the distance
Fig. 3, Sheet No. 5, we see that the plate current
between the plate and filament and between
is 7 mA when the plate voltage is 67.5 volts and
J
the grid and filament. Thus to obtain ja
the grid bias is minus 3 volts. Therefore the d.c.
tube with a high amplification constant it
resistance of the plate circuit is
is necessary to use a fine mesh grid mounted
ufant
67.5
close
to the filament, as compared to the
3.q 6000
^/ Am iltfication Co
distance
between the plate and the fila0.007 = 9,643 ohms
ment.
The mutual conductance may be determined
PROBLEMS
by notingduced bythea effect
the plate
current
progiven onchange
in grid
voltage.
Looking at Fig 1, Sheet No. 5, we note down
1.
Suppose
you
are to conductance
design a series
the following data taken from the point where
tubes, each with a mutual
of 500of
the plate voltage is 45.
^ 2.0 o 4000
micromhos. Plot a curve showing how the plate
Change in plate current
.0064 — .0035
resistances and amplification factors of these
tubes will be related.
Change in grid voltage
3—0
a tube had
55,000-ohm
resistorof
.
= .00097
in 2.theSuppose
plate circuit,
thata one
milliampere
pedtnce
current
were
flowing,
and
that
the
B-battery
The unit of conductance is the mho, so the
voltage were 90. What is the voltage actually
above value is .00097 mhos, or as usually stated,
on the plate?
970 micromhos. This shows that with 45 volts
3. Suppose you had a tube with a mu of
about 30, and a plate resistance of 60,000 ohms.
on the plate of this tube a change of one volt
What is the mutual conductance? If the plate
on the grid in the region between minus 3 and
zero produces a change of 970 microamperes
current is one milliampere, how much B-batplate current. This may also be obtained by
tery voltage will be required to put 90 volts
actually in the plate, if a coupling resistor of
determining
the
slope
of
the
Ip-Eg
curve
in
the
vicinity of minus 3 volts. (See Home Study Sheet
250,000 ohms is used?
4. The curve in Fig. 1 does not have the
No.The4, formutual
a definition
of the term
"slope".)
conductance
varies
with each
values of mu plotted on it. iCalculate these
values
and plot. What kind of tube do you
value of plate and grid voltage, and will be
FIG. 2
more representative of what the tube actually
think it is?

y—

262

i9a8

Working

on

By ROBERT

ng 5-meter story in August
THE
Radioprecedi
Broadcast told of the ancestry,
birth and childhood of the 5-meter band.
All biographies are required to have such a first
chapter, which the author expects the reader to
skip. The reader usually does skip it; everyone
is satisfied and ready to begin the main story,
which shall happen here and now.
Since this present story is to undertake the
large job of describing a complete radiophone
or c.w. circuit operative at a wavelength of 5
meters (60,000 kilocycles, if you like bulky
terms) we must needs proceed logically or become lost. It seems simplest therefore to start
with the transmitter and proceed via the sending antenna, receiving antenna, receiver and
headset to the Receiving Experimenter. It is
hoped that this will leave over enough time to
go back and see what curious things the wave
has done en route.
THE TRANSMITTER
IT SEEMS like obvious nonsense to say that
* the business of the sending set is to generate
a decent phone or c.w. signal, yet the average
operator or experimenter never seems to think
of this. He is perfectly happy if the meter in
the antenna circuit moves far across the scale.
That the speech or code being transmitted cannot be "unscrambled" seems to him to indicate
that the man at the other end is distinctly dull
and incapable.
This is then a plea for more than the usual
attention to proper transmitter operation,
whether the output carry speech or dots and
dashes.
The usual way of getting at the 5-meter business appears to be that of "sneaking down on
the wave." This unfortunate habit has just received new impetus by the opening of the amateur band of 10-10. 7 meters, which is unfortunate for 5 meters, since the 10-meter band can
be worked with normal circuits in the transmitter while 5 meters demands changes. The
former therefore has little educational value
toward learning to handle 5 meters.
The first requirement of the 5-meter circuit is
of course that it work at 5 meters, the second that
it do so steadily and the third that the apparatus
be neither too special nor too anxious to "blow
up" in operation. All of these needs are met
by the circuits shown in Fig. 1. Little explanation needs to be made other than that provided
by the caption of the figure, except in the case
of the modulator, D. When telephony is desired
this is interposed between the B supply and
RFCi of any of the circuits shown. If the oscillator is a ux-210 or a uv-202, the modulator
will be a similar tube and the transformer
a modulation transformer. The C-bias on the
modulator must be adjusted by ear until decent
speech results. If such speech cannot be obtained
the microphone or the transformer are to be
suspected. If once abused many microphones
never recover; on the other hand, many of the
modulation transformers now available cannot
operate properly with the normal microphone

5

Meters

S. KRUSE

CT'HIS is the second of Mr. Kruse's
-*■ articles to appear in Radio
Broadcast, supplying experimenters
with data on transmission and reception on 5 meters. Now that the bread has
been cast upon the waters, the editors
and Mr. Kruse are anxious to know
who is gathering in the loaves. We
would like to hear from all of those to
whom the articles have proved interesting. Ifyou have done or expect to do
any work on 5 meters — or if you are
doing any work at all on short waves —
drop us a note telling what you are doing and what material you would like
to see published in future
— The issues.
Editor.

current flowing through them — having been
designed for the costly double-button microfor some
weird
sort of "mike "that
cannot bephones orfound
on the
market.
If the oscillator tube is of a larger sort, such
as the ux-852 or the UV-204A we must use the
same sort of tube as a modulator. Naturally such
a tube cannot be operated directly from the
modulation transformer; therefore we must
put a stage or two of audio amplification in between to boost the gain to get a decent percentage modulation. Any good audio amplifier
can be used. One has only to remember that the
microphone can operate a 1 12A tube very nicely
but that its plate current is a bit high for the
average audio transformer; therefore the 201A
is a good first tube when used with 90-135 volts
and the appropriate bias. The second tube may
be a 171 or a 210 and the third tube a 210 or an
852. In each case the last tube should be fed by
the next smaller tube, but one can stand a
jump from a first -stage 201 A to a second-stage
210. Biases are in general a bit higher than for
ordinary amplification and things are improved
all around if there is a control in the shape of
a 500,000-ohm Frost rheostat across the secondary of the first audio transformer. If at any
point in the circuit it seems not possible to find
a transformer to fit the job one can always rig
up an impedance-capacity-impedance coupling
as shown at E. The iron core choke in the B lead
must be designed liberally enough to carry the
plate current of the tube and have an inductance
of at least 6 henries, while the condenser at
its base should have a capacity 1 or 2 mfds. The
grid choke going to C- can be almost anything,
since the current is small. An audio transformer
primary or secondary will serve if left on the
original core.
STARTING THE OSCILLATOR
263 is connected to the
DEFORE the modulator
oscillator the latter should be working
properly. This is easily found out by touching
almost any part of the tuned circuit with an
Eversharp pencil (advt.) while holding on to

the metal parts of the pencil but staying well
clear of any other metal work whatever, especially any electrical circuits. If the tube is
oscillating the characteristic fizzing will appear
at the point of the "lead." A bit of metal such
as a screwdriver will serve if nothing better is
available. The bare finger will do but takes time
to heal.
If the tube refuses to oscillate it can frequently be caused to start by changing the points
at which RFQ and RFC2 are connected to the
tuned circuit, or by changing these chokes themselves or backing them up with other chokes. If
this does not do the work one may change the
grid bias or temporarily shift the adjustment
of Q to a higher wavelength. Usually 5-meter
oscillators using a ux-210 or a ux-852 give little
difficulty. In fact the 852 was designed for just
such work.
Having the oscillator in operation one next
adjusts for reasonably steady operation and
then with the aid of a General Radio 5-meter
wavemeter gets the wave right. The further adjustments must wait until the receiver is ready,
though we may get the sending antenna up
meanwhile. Figure 2 shows some suitable antennas of which the types shown for the Phelps
station and the West station are simplest and
therefore recommended as desirable for the
beginner in 5-meter work. One can gauge the
proper length for any antenna system shown
here or elsewhere by remembering that for
each half-wavelength we will need roughly 100
inches of antenna. Thus the West antenna
system must be about 100 inches long minus
something to permit use of a coupling coil, while
the Phelps arrangement can have almost any
convenient length if a little loading, consisting
of a few turns of wire, is done at the base. A
length of 500, 700, 900 or 1 100 inches works out
well. The work at 2EB has been done to a large
degree with the last of these lengths. In any case
one must keep the antenna well away from
things — trees, wires, hanging flower baskets,
etc. — for absorption is severe at 5 meters. Depending on the combination chosen, one tunes
the sending set up by setting the primary wavei.e. the "tank"
circuit,andcorrectly
with the
General length,Radio
wavemeter
then adjusting
the antenna tuning condenser or cutting pieces
off the antenna until the proper wavelength is
obtained. In the Phelps arrangement in Fig. 2,
one cannot well climb the mast to cut pi.ces off
the antenna, so the adjustment is made by resetting the sending set condenser, Q, and by
using a loading coil of the proper number of
turns at the base of the antenna.
When the lamp in the antenna glows steadily or
the meter returns to the same reading promptly
each time the plate supply is closed we are done
for the time and can move on to the receiver.
THE RECEIVER
IT IS perfectly possible to build a 5-meter re* ceiver with a stage of r.f. amplification using
the ux-222 screen-grid tube, but the result is
a receiver with two tuning controls, and until
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A MANUFACTURED 5-METER RECEIVER
This receiver is of the detector-audio type, and is made by Parmeter Products, of Lansing, Michigan
one has a little practice in 5-meter reception
and has gotten the sending set steadied up such
a set is of little practical value because of the
difficulty of following the transmitter wave —
or finding it initially.
If radiophone is to be received the best device is certainly the double-detection receiver,
and as second choice the regenerative detector
with audio amplification, to which the stage of
5-meter r.f. irUiy be added later. The perfectly
commonplace circuit of such a 5-meter set was
shown in the August Radio Broadcast article.
For c.w. reception we have a much more powerful tool in the form of the double-detection
receiver which is shown in diagrammatic form in
Figure 3. This consists simply of an oscillating
detector ("autodyne") followed by an i.f. amplifier and a second detector with a single stage
of audio. To secure a beat note from the c.w.
signal there is provided a long-wave (intermediate frequency) heterodyne which beats upon the
intermediate frequency. This heterodyne may
be removed and a 5-meter heterodyne put in
whereupon the set becomes suitable for 5-meter
phone work. The first detector in such a case is
left regenerative but not oscillating. However
as it stands the set can receive phone in a some"chewed"
manner
careful ofadjustment
of the what
first
detector
and byremoval
the tube
from the heterodyne oscillator socket.
A further improvement is to replace the i.f.
amplifier shown in Fig. 3 by a single ux-222
tube with a band-pass filter either before or
after the ux-222.
MAKING THE RECEIVER WORK
'"THE troubles of a 5-meter receiver are those
* of any regenerative receiver or doubledetection receiver plus the additional job of
persuading the tube to oscillate without howling at 5 meters. The solution of this begins in
making the receiver oscillate at all, and ends
in eliminating the yelling. Usually it is easiest
to start at about 7 meters, guessing at the proper
coils, and then work down gradually to such
dimensions as mentioned in connection with the
receiver. Do not take the dimensions too seriously since such a trifling thing as a change in
the make of socket may demand an entire turn
to be taken off the coil. It is therefore a matter

of "cut and try," with constant attempts to
find a click or thump on the General Radio
wavemeter by turning its dial slowly while it
is held near (1" to 1') the tuned system and the
phones are worn around the neck or otherhow
far enough removed from the ears to prevent
damage from a sudden savage scream. Changes
in the tickler diameter, number of turns and
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location, together with alterations in the grid
leak and filament current will finally produce a
combination which can be taken in and out
of oscillation quietly and at the same time has
the proper range of tuning. It is well to spend an
evening or two in getting this strictly right, after
which the regeneration control condenser, Co,
should be left severely alone to prevent changes
in calibration. Use the rheostat, R, to control
the regeneration thereafter. In general it will be
found best to use a tickler (L2) which is rather
close to Lj and has turns between one half and
three quarters of the diameter of Li made of a
wire fine enough to handle easily when making
changes but not "floppy." Both Li and L2
should be substantially secured into position
to avoid vibration noises. On the other hand
the ux-i 12A tube must be mounted in a
springless socket set on sponge rubber and
fed by wires of the greatest softness, such as
small bare or silk covered single strands of
No. 30. These wires must be kept mutually
apart since changes in their separation will
cause noise and loss of signals. The filament wires
need not be handled so carefully, but the grid
and plate wires should depart at something like
right angles from each other so that motion will
not change their separation greatly. The grid
leak and condenser may be mounted on the tuning condenser with a flexible lead to the socket,
or on the socket with flexible leads to the tuning
condensers. Leaks of a value above 8 megohms
or below 1 megohm will work about equally well.
THE RECEIVING ANTENNA
[AVING caused the receiver to oscillate
H
decently and smoothly we may now connect it to an antenna and see if it will continue
to perform decently. Here we find from experi-

RFC-2

Rl.Supply

Jil. Supply
0

I. TYPICAL TRANSMITTING CIRCUITS
All these circuits are of the ultraudion type. They operate smoothly after the chokes have been made correctly. As a starter these may be wound with No. j6 d.s.c. or s.c.c. wire spaced slightly on a \" form about
2" long. Sometimes a foot of small wire stretched out straight is almost as good. The center taps consist of
double 100-ohm resistors with each half shunted by a capacity of about 0.001 mfd. The filament leads may
be choked to advantage outside the diagram. For the tuning circuit, U, L% one may start with a total of 3
turns of _j" diameter in circuit A and a condenser, C\, of 100 mfd. maximum. For circuits B and C the
capacity, C\, need not be above 25 mmfd. and the entire inductance from grid to plate need not be over a foot
long. Co in B and C can be anything around 200 mmfds., capable of withstanding the plate voltage. Make
good connections. Ordinary grid leaks make trouble and a grid leak and condenser consisting of two aluminum wires immersed 1" in water is a good thing to use. Changes may be made; the inductance of A may be a
single turn 10" across. The chokes in these diagrams are not coupled to the tuning coils.
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5 METERS
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9 E H T Douglas, Lawrence.Kansas
©
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2 E.B. Phelps,Jamaica,L.I.

Equivalent to an r.f.line
10 A, Kruse.West Hartford.Conn.

FIG. 2. TRANSMITTING ANTENNAS FOR 5-METER WORK
The Douglas antenna was equipped with the feeder system shown in the diagram to permit its erection a long way from the
badly screened station. The "detail" shows a cross-sectional view of a reflector system occasionally used with this antenna. The
circle A represents the antenna and the circles RRR represent reflector wires parallel to the antenna and arranged in an approximate parabola. The number and placement of the wires, R, was varied. The whole arrangement can be laid on its side to become a
horizontal system.
The W est antenna is a normal \-wave antenna with a coupling and tuning system at its center. The condenser needs but two
plates. The system is roughly go inches long, counting the coil length. The balanced Vallauri oscillator needs no r.f. chokes.
The Phelps antenna is voltage fed at one end by a tuned circuit con pled to the oscillator. The antenna ammeter, A, is 50" from
the high end.
The "broadside" antenna consists of a series of 100" half-wave antennas connected by ymeter tuned circuits. All of the
half-wave sections operate almost in phase and give broadside transmission almost like that of Marconi's beam stations.
In must
all thebediagrams
oscillator as shown in Fig. I. In all cases the inductance and capacity inthe secondary
circuits
such as to"osc"
tune tois 5themeters.
ence that a long wire such as is normally used
for broadcast reception is as good as anything.
It may be connected to the coil, Li, as suggested in the diagram of the double-detection
receiver (Fig. 3) or may be given a separate
primary. There seems to be little choice. The
antenna series condenser, C3, when used, consists of a "vernier" condenser with all but one
fixed and one movable plate removed. If the
attachment of the antenna to the set stops oscillation one may be sure that the antenna is
too closely coupled. It should then be clipped
on nearer the filament end of Li, the setting of
C3 made smaller, or the primary coil (if any)
put farther from Li.
RECEPTION AND TRANSMISSION
LJAVING the apparatus all together with
* ' some current [in the sending antenna and
some sign of proper action on the part of the
receiver, we are ready to try communication by
radio to supplement the letter communication
that has previously taken place with other
5-meter experimenters.
Before going on with this it is well to make
sure of the thing first preached about — that the
set really turns out a signal that it is possible
to make head or tail of. To do this the sending set
is put into action with some kindly neighbor or
friend to punch the key or talk into the "mike"
and the receiver is set up in another part of the
house or perhaps in the front yard. The friend
or neighbor had better be warned that he is
in for a session of several hours and must not
get impatient at the long silence that opens the
proceedings.
First of all the receiver will probably take a
notion not to oscillate, though there is no real

justice in this as it does not have an antenna at
the moment. The second discovery is probably
in the nature of noise in the receiver, or unsteadines at the transmitter which must be
remedied. However, be of good heart — it is far
easier to do this than to go through the silly
performance we staged. We did not take the precaution just suggested and when our first sets
were in operation we spent a month or so in
listening at 120 miles for signals that eventually
turned out to be wholly in the Choctaw
language.
Eventually the transmitter and the receiver
will be gotten into decent shape and will agree
to work on a sporting basis — half the time.
Then one is ready to take the field.
WHAT CAN BE DONE AFIELD
DEFORE another transmitter is available to
work with, one may do some very enchanting things near the station by wandering about
with receiver, wavemeter and screwdriver, testing for the manner in which the radiated power
is scattered about the vicinity — which is usually
surprising enough.
These tests require the set to run while the
owner is absent, and as the patience of the friend
or neighbor was exhausted in the first tests one
must make up an automatic key of some sort.
C. H. West of station 2CSM created some sort
of an affair from an alarm clock and a relay
which made dashes for hours at a time and
later drove a disc with the station call on it.
He says it was not artistic but effective. Boyd
Phelps at 2EB went to the opposite extreme
and created a motor-driven key with a notched
cam 18 inches across and half an inch thick,
transmitting therewith the station call and the

word "test." One need not feel at all guilty
about such operation, or even about "laying a
book on the key," provided that the thing is done
outside broadcast reception hours, for there are
not enough 5-meter men about to worry over.
Having the set operating under automatic
keying one may first take the screwdriver or
the metal-shell pencil (not an advt.) and go about
the house testing the lighting sockets, water
faucets and other metal objects for the presence
of r.f. Usually it will be found. This effect should
be cut down as far as possible by getting the
sending set clear of all wiring, including that in
the walls. When the pencil test or screwdriver
test does not reveal r.f. about the house try opening the circuit of the General Radio meter and
putting in a flashlamp or a little Walbert " panelite" (60 mA, 5 volts) bulb. Tune the wavemeter to the transmitter and go about hunting
along wires, pipes, etc., with it. Do not be too sure
that you have removed r.f. when a "hot spot"
disappears; it may only have shifted.
Having finally gotten as much r.f. as possible
out of the pipes, wires, metal lath, bathtub
and kitchen stove we may hope that some fair
part of the power is in the antenna and departing from it. At about this point it will be found
that this is so, at least to the degree that the
antenna transmits the stuff to nearby houses
and causes hot spots to appear in them. If one
of them happens to be in the family radio receiver that receiver will not work when the
5-meter set is going — or rather it will produce
loud grunts and growls in place of music. For
this reason it was said that these things should
be checked up and the busy broadcast hours
avoided. In some cases the thing is bad — in
others totally absent. Be sure.

266

RADIO
R.F.Choke

FIG. 3. A 5-METER RECEIVER CIRCUIT
This receiver, which is of the double-detection variety, is primarily a c.w. set, as explained in the text. It
may be altered to a phone set by dropping off the heterodyne and adding a ymeter heterodyne to beat with the
incoming signal as in the more usual broadcast receivers. Ci , C2 and Cj are trimmed vernier condensers
with a maximum capacity of 1 5 mmfd. Li consists of from 1 to 4 turns on a 1" diameter, depending on the
rest of the circuit. C5 should not be over o.oooi mfd., if used. Some primary turns may have to be removed
fromthe first i.f.transformer to compensate for the effect of C^. The second and third if. transformers, I.F.,
will not need this. C6 is a 25-mmfd. variable condenser tuning oscillator coils Ly and L8, which are an i.f.
transformer similar to the others. IV ork first without the oscillator and with a.c. plate supply at the transmitter, and then change the transmitter to d.c. and use heterodyne. The sensitivity may be improved by returning the i.f. grids to a potentiometer across the A-battery. A metal panel and baseplate are very desirable.
FARTHER AFIELD
\TOW it is time to put the receiver into the
*• ' family car and to go around the neighborhood exploring. Here each man may be his own
guide and I will go no further than to show
some of the local effects we have found around
2CSM, 2eb and ioa.
In Figure 4 are shown some curves taken near
ioa to show that the 5-meter wave signally
fails to act as had been predicted. It does not
die off 100 yards from the station as we had
been told by all authorities, but compares very
nicely with normal waves. It does not, in fact,
die off as fast near the station as does the 20meter wave which we all know to be so effective
at great distances.
Similar curves were run at 2EB at least 18
months ago with very similar results, but the
data for these is not at the moment available
to me. They are here mentioned because they
brought out another very interesting point,
which is to say they showed us that normal
points would fall on the curve even though measured behind houses where bad screening had
been expected. On the other hand points behind
hills were weak, as one might expect.
IIJq

1 I

*
eat ditfana
DISTANCE,MILES
FIG. 4
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When the effect of a hill in the line of transmis ion isinvestigated one finds effects such as
shown in Fig. 5, which shows the effect of a certain round knob of a hill near Hartford. The
shadow shape indicates the area in which the
screening effect of the hill made reception weak
or impossible, while the light lines are drawn in
to suggest the general manner in which the
wave fronts are deformed. Note the similarity
to that of water ripples passing a rock.
A variety of curious effects can be observed.
With a 160-meter signal one loses a great deal
of intensity when the receiver is carried through
a street crossed by an elevated railway structure. The 5-meter signal, on the other hand,
cheerfully ignores the structure, probably because the openings in the structure are very
large as compared to the wavelength.
Again, when passing under wire lines coming
from the general direction of the transmitter
one finds a very strong "bump" in the 160-meter
signal and little or none in the 5-meter signal —
which is rather difficult to explain.
Many such explorations were made in the
radio flivver mentioned in the first
article, likewise with various other
cars. The intensities were measured
and curves plotted from them. Reflector systems were tried and the
general result obtained shows that
the parabola does not seem to be
the best reflector shape, also that
the reflector wires are of best effect
when not of the antenna length but
a trifle longer.
DISTANCE EFFECTS
ALL of the foregoing is not
spoken of to discourage attempts at long and medium distance work. On the contrary it
seems that what has ailed the
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5-meter game is that there has been entirely too
much short-distance work and too little attempt
at long distance work.
Not only must it be remembered that in turn
the 200, 100, 40, 20, and 10-meter waves have
defied theory and been of practical use, but in
addition there has already been not a little reasonably good long distance 5-meter work. Of
course we know that 20-meter work has limitations as to time and distance, and we suspect
that this is even more the case with the newer
10-meter wave. Hence it is quite possible that
the 5-meter wave will show its usefulness at a
distance under such restricted combinations of
time, weather, and distance that we may not
utilize these possibilities at all and confine it to
local " beam " work only. However, in view of the
limited work that has been done, the few failures
do not warrant dropping the wavelength.
For those that care to try it there is another
possibility. Somewhat over a year ago the
Jahrbuch described some Telefunken experiments in which various short waves were projected upward by a huge reflector that could
be rolled about on the German field which acts
as
an equivalent
the high
wgy angles
"radio-acres"
Schenectady.
Someforvery
were foundat
successful for transmission to Buenos Aires.
Norvell Douglas thereupon suggested a test
with the same device at 5 meters and the possibility that a slightly diffused beam shot vertically or nearly vertically upward might have
a rather good chance of covering a considerable
area, no matter what the exact height of the
reflecting layer, if there is one that works under
those circumstances at 5 meters. A reflector for
the purpose is still waiting at 9EHT untii we can
try the thing fully, which must of necessity be
delayed until early September, since Douglas is
at present engaged in some J-meter work at
General Electric's research laboratory.
WHAT IS LEFT?
\ A / E HAVE, then, a number of interesting
* possibilities to back up our interesting
actualities. One who has been at this 5-meter
affair for quite a considerable while assures you
that the working out of these possibilities is an
enchanting game, made doubly so by the fact
that everyone else has not done the same thing
10,000 times. Suppose then that a few of us try
this Telefunken-Douglas near-vertical or wholly
vertical beam while a few of the rest of us build
decent double-detection receivers and listen
for
them. There
is room also such
for some
receivers
and transmitters
as "straight"
have been
suggested. Certainly there are too many oneway 5-meter contacts in existence to let the twoway possibilities go on in their present state.
I am willing to help as 1 may, which is to say
I'm
perfectly
answer
lettersenvelopes
if their
writers
will butwilling
recalltothat
stamped
with a return address greatly encourage a reply!
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IN THE May, 1928, issue of the Proceedings
of the Institute of Radio Engineers Mr. I.
F. Byrnes presents a paper on " Recent
Developments in Low Power and Broadcasting
Transmitters." Mr. Byrnes is a member of the
staff of the General Electric Company, and his
paper is a resume of the recent work of the G.
E. transmitter experts in this field. The latter
portion is of particular interest to broadcasters.
The design requirements in modern broadcast transmitter construction are summarized
by Byrnes as follows:
1. The carrier wave must be readily maintained within 500 cycles of the assigned frequency, and its frequency must not fluctuate
with modulation.
2. The electro-acoustic characteristics of the
equipment must be such that the output of the
set is as faithful a copy as possible of the input.
(The frequency transmission characteristic from
microphone to antenna must be sensibly horizontal within the principal portion of the audio
band.)
3. The circuits and tubes must be engineered
so that the equipment will have ample overload
capacity and modulation peaks will not cause
distortion
throughof "overshooting"
at any transpoint.
Illustrations
a 1 k.w. broadcast
mitter (ET-3633) are given in the paper. Normally this transmitter is built for operation on
a frequency between 666 and 1200 kilocycles,
although it may readily be modified for the
other frequencies within the broadcast band.
A condenser transmitter is supplied in the
studio. The case of the condenser transmitter
contains the first audio tube, which is of the ux20 1 a type. There follow in the audio chain one
other UX-201A amplifier, a ux-210 amplifier, two
uv-211 amplifiers and four uv-851 modulators.
In the radio chain the tubes comprise a uv-211
as the master oscillator, two uv-211's as intermediate radio amplifiers, and one uv-851 in the
output stage. A uv-211 is also supplied as an
oscilloscope rectifier to indicate the percentage
of modulation. The ratio of modulators to radio
amplifiers (4:1) will not be a surprise to those
readers who recollect the article on "Modulation" in this department for July, 1926, and the
reference to Kellogg's " Design of Non-Distorting Power Amplifiers" in the May, 1925, issue
of the Journal of the A. I. E. E. For any sort of
deep modulation it is necessary to supply about
as much plate power to the modulators as to
the oscillators or power amplifiers in the modulation stage, and as a modulator normally takes
about a quarter of the power drawn by the
same type of tube delivering radio-frequency
energy, the answer is obvious. In the 1 k.w.
transmitter the design of which is being outlined the provision of four modulators in parallel
results in a very low-impedance bank which,
in combination with a good-sized speech reactor,
retains the low audio frequencies and keeps
the characteristic flat at the lower end.
The first three stages of audio amplification
in the transmitter proper (following the UX-201A
associated directly with the microphone and
housed in the "bullet," as the cylindrical case
of the earlier designs was called by the poets
of the General Electric Company) are resistancecoupled. The condenser tube, however, delivers
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its output through a step-down transformer, so
that the lead between the "bullet" and the set,
being a connection between low impedance circuits, may be made reasonably long (a few hundred feet). The last 211 stage is reactancecoupled to the modulators. The third and fifth
audio stages have volume control potentiometers
on the inputs. When the input from a line is
used to modulate the set the first audio tube is
dropped out by means of a switch. The line,
in other words, is expected to provide as much
energy as the condenser mike plus two 201 a
tubes.
The radio-frequency chain of this transmitter
starts with a master oscillator. Shielding is employed to stabilize the frequency, and the coupling of the successive radio-frequency circuits
reduces harmonic radiation. There is no crystal
control in this transmitter, however.
Power is supplied to the plates from a motor
generator set comprising three units : the motor,
excitor, and a two-commutator high-voltage generator. A separate two-unit motor generator
supplies d.c. filament energy. The audio filaments
are heated from a storage battery. These measures, with the addition of suitable filters, guard
against noise.
The oscilloscope is similar to the oscillographs
found in physical laboratories, except that it
contains only one vibrator and the light source
is an incandescent lamp instead of an arc. It
is consequently unsuited for the taking of photographs. The operator, looking at the revolving
mirror, sees a wiggling line the amplitude of
which shows to what degree the carrier is being
modulated. The rectified carrier supplies a reference amplitude, while the wiggling line is the
audio component, likewise rectified. A loud
speaker is also connected in this circuit, so that
it provides both visual and audio monitoring
of the radiated energy. Fig. 1 shows the connections schematically.
Sets of the ET-3633 type are in use at cyj in
Mexico City, and at Cornell and St. Lawrence
Universities.

21. water-cooled vacuum tubes {Part 2)

an efficiency of about 20 per cent, in terms of
1 average carrier power in the antenna over
power drawn from the a.c. mains. A transmitter
rated at 50 kw. m the antenna, for instance, will
take around 250 kw. from the power company.
Most of this energy has to be carried off in the
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The power so lost is naturally great in the case of
the larger stations. The cooling systems of such
installations are built to get rid of around 200
kw. — more or less of this capacity being used
according to the power at which the transmitter
is run. The total dissipation may be calculated in
two ways, the results of which should agree,
One method requires a knowledge of the total
flow of water and the rise in its temperature owing to its contact with the anodes. In a specific
example, let us assume a water flow of 150 gallons
a minute and a rise in temperature of 5 degrees
Centigrade, corresponding to 9 degrees Fahrenheit. A U. S. standard gallon weighs 8.33 pounds
at 72 degrees Fahrenheit. For the accuracy of our
calculation no correction need be made for another temperature. The water circulation is
therefore 1249.5 — 'e* us sav 12 5° pounds per
minute. Now, a B.T.U. (British thermal unit) is
the heat required to raise the temperature of
one pound of pure water one degree at 62 degrees
Fahrenheit. In the case of this water system,
therefore, we are carrying off, each minute, 1250
times 9, or 1 1,250 B.T.U. But from other relations
we know that 1 kilowatt-hour equals 3415 B.T.U.
One kilowatt-minute, therefore, would correspond to about 56.9 B.T.U. Dividing this figure
into the value of 1 1 ,250 B.T.U. per minute secured
above, we get 197.7 kilowatts as the total heat
loss in the tubes. The same total should result if
the individual losses of the various units are estimated electrically and added up. Roughly, the
anode efficiency of an oscillator or radio frequency amplifier in a broadcast transmitter may
be reckoned as 65 per cent. The anode efficiency
of a modulator may be more like 30 per cent,
Taking, for example, a tube with a nominal
oscillator rating of 20 kilowatts, we may find it
drawing a plate current of 2.0 amperes at 15,000
volts. Of this 30 kw. input to the plate only about
two thirds will be converted into oscillating
energy; about 10 kw. is heat loss. To this should
be added the I2R of the filament, which in the
case of such a tube will correspond roughly to
1 kw. (about 50 amperes at 20 volts). The total

volts> the 8rid being biassed negatively about

Ieaving 6 „ kw as heat loss from the electrical
input to the plate> to which must be added the
former figure of , kw for the filament> 0r 7.0 kw.
in al, similar calculations for the various tubes
in the transmitter should result in a total equal
to the Ioss indicated by the temperature rise of
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plifier, or 1.0-1.5 kw. as a modulator. Even if
an anode voltage of 15,000 is allowed in the instructions, itis likely to be found running at
10,000, with a plate current of less than one
ampere; as a modulator it will be taking a plate
current of a half or third ampere at the same
lower voltage. Under those conditions it is likely
to run eight or ten hours at a stretch, if the cooling suits it, without knocking out the breakers
and leaving the listeners in silence, and to do
this day after day. It may, in fact, do it for years;
the skeletons of water-cooled tubes with 3,0004,000 hours of useful service may be seen in
museums. Some, again, are buried after 40 minutes. They all look the same when they are taken
out of the crates.
The life of vacuum tubes may be prolonged if
they are carefully handled. Of course, continuous
water supply is a primary requisite and pressureor flow-actuated relays are used to shut off the
filament supply as soon as the water fails. When
set adjustments have been changed, it is wise
to resume operation at some low plate voltage
corresponding to reduced power, so that undue
stresses will not be set up in the tubes. Excessive
vibration or rough handling of any kind should
be avoided. Dropping tubes into water jackets
for an inch or so, knocking off grid seals with
wrenches, and similar accidents, should be as
rare as announcers who shrink from publicity.
Starting resistances for the filaments should be
used to limit the first surge of current. The filament connections, carrying about 50 amperes,
must be tight and clean, or heating at these
points may cause burning and destruction of
the leads. The grid and filament leads should not
be so tight that any force is exerted on the walls
of the tube, nor so loose that they may lie along
the glass; the first condition may result in mechanical breakage; the second in puncturing
following corona. Other such precautions in
handling are more or less obvious. If they are
not followed a water-cooled radio station
can break a millionaire faster than the Street.
Even if they are followed such outfits are not
for the poor.
22. PHONOGRAPH PICK-UPS
ASIDE from the modulation of a broadcast station from a phonograph for prok. gram purposes, as commonly used in
the smaller studios, this is about the only convenient method of running prolonged transmitter tests where music is required. Phonograph
transmission by radio is, of course, nothing new.
In 1917 I recollect seeing and hearing the radio
telephone transmitter with which Dr. Alfred
N. Goldsmith communicated from New York
City with Dr. A. H. Taylor at the University
of North Dakota so controlled, and probably
this was not the first instance of such use of the
electromagnetic pick-up. Of late years the development ofthe electric phonograph has made
it possible to impress on a suitable radio transmitter quite decent acoustic material from wax
records, a frequency range of from 100 to 4,000
cycles being covered without serious distortion.
The film phonographs which, aside from their
use in sound-motion picture work, are not yet
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commercially available, can probably do better; but this article,
being of the same practical nature as the others in the series,
is concerned only with reproduction from the common flat disc
records.
A short bibliography of the
subject, for those who wish
to do a little reading in this field of electroacoustics, is as follows:
Maxfield and Harrison: "Methods of High
Quality Recording and Reproducing of Music
and Speech
Journal
of theBased
A . I.onE. Telephone
E. March, Research."
1926.
Kellogg: "Electrical Reproduction from
Phonograph
E.
E. October,Records."
1927. Journal of the A. I.
Millen:
"The
Electrical
Radio Broadcast. May,
1927. Phonograph."
Millen: "Building an Electrical Phonograph." Radio Broadcast. June, 1927.
Wilson:
"A PhonographApril,
Amplifier."
eral Radio Experimenter.
1928. Gen-
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The output of magnetic phonograph reproducers varies, naturally, with the make, type of
record, etc., but in general it is at such a level
that two stages of amplification will bring it
up to loud speaker volume. Assuming this to
require a level of plus 12 tu at the speaker
terminals, and calling the amplification 28 tu,
we find a reproducer output of minus 16 tu.
Probably a level between minus 10 and minus
20 tu will include the makes and conditions
usually encountered in practice. In other words,
the phonograph reproducer is good for an output level considerably greater than that of a
high quality carbon transmitter, but not as
high as that of a commercial telephone transmitter (zero level) in which, however, quality
is sacrificed to sensitivity.
Fig. 2 shows schematically a suitable amplifier
circuit. The output of the generator is such
that it will not overload a tube of the 199 size,
so that this may be used for the first stage, if
desired. The second tube should be of the 171
or 210 size. In a broadcast station it is often
considered better practice not to use smaller
tubes than the 5-watt (oscillator rating) size,
so that an amplifier of the 17-B type, using two
5-watt tubes, may be associated with the phonograph reproducer. In Fig. 2 the volume control
is a 25,000-ohm potentiometer. These instruments are now made very cheaply and conveniently by the use of transverse wires imbedded in a carbon composition ring. A scratch
filter is also shown. It happens that the noise
made by the needle as it rides along the surface
of the record has some of its more annoying components in the neighborhood of 4,500 cycles, so
that a series circuit tuned to about this frequency will by-pass a good part of the surface
noise — and also any frequencies above 4,000
cycles which may be present in the output of
the reproducer. But usually it is better to sacrifice this section of the band in order to get rid
of the background noise.
Inasmuch as input to the preliminary amplifier
of a radio transmitter, from the wire line connecting the transmitter with the studio, is commonly at a level of about minus 10 tu, a magnetic
phonograph pick-up of the type described, with
a two-stage amplifier including a gain control,
may readily be substituted for the line when
local test modulation is desired. Likewise at the
studio the same combination may be used in
place of microphone pick-up, both the gain of
the studio amplifier and the amplifier associated
with the pick-up being kept low. With a medium
gain setting the phonograph amplifier will deliver energy at a suitable level to the line, if
that is desired.
Of course the 25,000-ohm volume control
across the input of the phonograph amplifier is
not the only type which
-Pivot
may be used. A standard
high resistance (about
--Permanent
400,000 ohm) interstage
gain control
just(500:
as suitable. But if a isline
500
Magnet

Almost all the devices commonly used for
transforming sound into electrical energy, such
as the condenser and carbon telephone transmitters, may be used as phonograph reproducers, the actuating force being derived from
the revolving record instead of from a wave in
air. The most convenient commercial form has
been found to be the magnetic type, which is
substantially a small alternating current generator driven by the record. The operating
principle is the same as that of the electromagnetic telephone transmitter, which does not happen to be common in American broadcasting.
Many variations in construction are possible;
Fig. 3 shows one in general use, so that it will
be unnecessary for readers to take their own
electric phonographs apart. The magnetic field
is provided by a permanent magnet. An armature isfree to move within a small amplitude in
the air-gap. The movement of the needle as it
is carried along the record groove causes the
armature to wiggle about its pivot. The system
is so designed that the motion of the armature
is proportional to that of the needle. A coil of
fine insulated wire surrounds the armature.
The magnetic flux through this coil varies
slightly as the armature vibrates. We might say
that a small electromagnetic ripple is superimposed on the constant magnetic field supplied
by the permanent magnet, like the commutator
ripple of a d.c. generator. The result is, of
course, that a corresponding e. m. f. is generated
in the coil. This may be applied to the grid of a
vacuum tube and amplified.
The type of reproducer thus sketchily described works with records having laterally cut
grooves, as distinguished
from grooves of varying
depth. If suitably supported itwould, of course,
give some sort of reproduction with the latter style of
record also. A telephone
receiver with a needle
Armature
soldered to the diaphragm
will reproduce sound from
--Needle
a phonograph record, but
Set-screw
the reproduction will not Coir
be faithful. In other words,
the principle of the device
is simple, but high quality
ELECTROMAGNETIC
PHONOGRAPH REPRODUCER
output nesserequires
in design, much
as fi-is
shown in Kellogg's paper.
FIG. 3

ohm) amplifier with such a
gain control is connected
to the phonograph pick-up
care should be taken to
omit the input transformer, sothat the pick-up
goes directly to the grid of
the first tube. Five hundred ohms is too low for
connection across a device
with the impedance of
mos_t magnetic pick-ups.
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A MAN who lives in New York City paid
otherwise stated by the manufacturer. If the
over five hundred dollars for an a.c.
reading is above 1 1 5 on the a.c. voltmeter, it
radio set. It was one of the best known
•faThe use of a fixed resistor to prevent a.c. will certainly be cheap insurance for the a.c.
makes, and he looked forward with more than
filament overload from high line voltage is tubes in the set to compensate excessive line
a little anticipation to the pleasure and enter- valuable when the line voltage is uniformly
voltage. A 10 per cent, increase in filament volttainment itwould give him. He bought a high too high. This method does not give real
age may cause as much as a 50 per cent, decrease
regulation, inasmuch as it cannot he varied
priced set because he wanted real tone and
in tube life. This means, obviously, that the tube
power, single dial control, a.c. operation, and to meet irregular line voltage variations,
budget over the course of a year may be double
most important of all, freedom from those minor
hut it does provide insurance, when the what it would be if proper precautions were
troubles sometimes associated with radio. The proper value of resistance is selected, against taken.
set had that perfection of construction and at- maximum line voltage overloads. It has the
The extra 5-volt range from 115 to 120 volts
tention to detail which gave every assurance
advantages of inexpensiveness, ease of in- should be regarded as dangerous and worthy of
of long and uninterrupted service.
attention from the a.c. set owner. Probably a
stallation, and the fact that once installed
the resistor needs no further adjustment. =0majority
Imagine his amazement and disappointment
of a.c. sets in New York City operate
$
when two sets of a.c. tubes blew out during the Where the line voltage is variable, more ac- at a figure somewhere within these limits. The
first month of operation. It seemed incredible.
curate adjustment is required, and here a power
trouble that has been experienced with short
Like many other a.c. set owners, he denounced
rheostat may he used. This article gives a.c. tube life is proof enough in itself that any
the new type of tube as a costly failure, and cri- the necessary data for determining line volt- reading of line voltage above 1 1 5 calls for attenticised the manufacturer and dealer from whom
tion ifone wants to be absolutely safe.
age variations, choosing the correct value of
he had purchased the set in no gentle terms.
Where line voltage on accurate measurement
resistors or rheostats, and making the installation.
To some degree he was justified, for certainly
is over 120 volts there can be absolutely no ques— The Editor.
the user cannot be blamed for tube failure, no
tion of the need for the correct value of resistor
matter what the cause, unless he has actually
to compensate the extra voltage, which is
tampered with the receiver. Probably the dealer
dangerous beyond a shadow of doubt.
who sold the set had to stand most of the gaff;
HOW TO GO ABOUT THE JOB
it would, therefore, seem advisable for dealers
to become familiar with the method described
that specified by the manufacturer as the safe
in this article of compensating excessive line maximum limit for the operation of the set, it THE measurement of line voltage, as mentioned above, should be done with a high
voltage, and seriously consider the installation of is little short of sheer extravagance to neglect
such devices when the receiver is first placed the fact and place the receiver in operation
grade a.c. voltmeter. The other bit of needed
doing something to reduce the line information is the primary current rating of
in operation at the customer's home. This en- without
voltage.
the receiver in amperes, which will in practically
tails some additional expense, but will probably
An accurate a.c. voltmeter, with range from
result in fewer calls for service and fewer disall cases be found upon the name plate inside
o to 150 volts, is the only apparatus needed to the cabinet, on the power unit, or on the name
satisfied customers. One can't, unfortunately,
bring dead a.c. tubes back to life, but there are
make the initial test. For practically all factory- plate of the power supply transformer which
means of preventing trouble from short tube life built a.c. sets sold to-day, any figure above 1 1 5 supplies A, B, and C voltages to the receiver.
volts should be considered excessive unless
If you fail to find this after careful inspection.
before it ever starts. The work involved is simple,
and can be done by
write turertoof the
the set,
manufacasking
anyone.
TABLE I
him for the primary
Consider that a.c.
FIXED RESISTORS FOR LINE VOLTAGE CONTROL
62
45
tubes cost anywhere
current rating of the
15
from $3.00 to $6.00
Current
These Resistors Will Reduce the Voltage Across the Receiver from the Voltages Shown to 110 Volts particular model in
inDrawn
Amperes
12.5
apiece, dependingupon
2.5
by
22
7
31
5
3.5
the type, and it will
Having the accurate
Receiver
Ohms Ohms Ohms Ohms Ohms Ohms Ohms Ohms Ohms Ohms
Ohms
be seen that one set
line voltage figure and
question.
voltage
10
line
voltage
voltage
voltage
the current rating of
line voltage
line voltage
line
line
line voltage
line
line
line voltage
line voltage
of tubes blown out or
voltage
line voltage
the receiver, it is now
with life shortened
112.5 113.0 114.3 116.3 128.7
0.25
0.50
112.7 114.0 115. 1 116. 1 119.0 122. 7 119.2 122.7
means considerable
136.0
an easy
se123.6 129.4
0.75
lect the matter
correct tovalue
113.0
1 117.5 119.2
expense. And what is
122.2 128.2 136.0 138.1
115.6 116.
114.0 114.2
1.00
269 120.2
118.2
of
resistor
to
reduce
120.2
133.1
117.
1
1.25
112.5 112.7
122.7
more to the point, it is
113.5
128. 7
125.5 125.2
1.50
118.5 122.2
113.0 114.1 115.0
line voltage. Table 1
needless expense. When
124.3 128.2 131.9
1.75
113.5 114.8 116.1
117.
1
120.0
lists the current in
118.2
121.5
2.00
126.5
an initial check on in114.0
115.6
130.8
114.5 116.5 119.1 123.0 128.7
2.25
amperes drawn by
coming line voltage
117.
1
2.50
130.9
120.2
124.3
115.1
various kinds of reshows a figure above
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TABLE 2
CURRENT DRAINS FOR TUBE COMBINATIONS
Combination of Tubes

Primary Current Rating
(amperes)

2, 3 or 4 226 type tubes
1
227 type tube
1
171 type tube
280 or Raytheon Rectifier
3 or 4 226 type tubes
1 227 type tube
2 171 type tubes
(push-pull)
280 or Raytheon
rectifier
3 or 4 226 type tubes
1 227 type tube
1 210 type tube
281 rectifier
3 or 4 226 type tubes
1 227 type tube
2 210 type tubes
2 281 (push-pull)
rectifiers
2, 3 or 4 226 type tubes
1 227 type tube
1 t^ou type iudc
2 281 rectifiers
2, 3 or 4 226 type tubes
1 227 type tube
2 250 type tubes
(push-pull)
2
281
rectifiers

0. 25
0.45
FIG. 1
At the left is an ordinary plug-in connection to an a.c. line. At the right is the method of installing a
power resistor of the Edison base type in series with the receiver supply transformer, by means of a series
tap. An ordinary power resistor of the correct value may be used, hut does not make as neat a job as that
made with an Edison base type of resistor

0. 50
0.75

1.00
1.25
■1

«■ ■ .luiciipnmff

ceivers, a number of line voltages above 1 10,
and the value of resistors needed to reduce excess incoming voltage to 1 10 volts — a safe figure
for use with any commercial a.c. set.
Take the case of a receiver with a primary current rating of 0.50 amperes and a known line
voltage of 1 19 volts. Checking on the table we
find that a resistor of 22 ohms will reduce the excessive line voltage to a safe figure.
Another common current drain, usual with
modern receivers using 210 or 250 type power
tubes, is 1.25 amperes. Suppose the line voltage
reads 120.2. Checking on the tabulation in Table
1 it is readily seen that a 10-ohm resistor will do
the work of stepping the excess voltage down to
1 10, the safe figure.
If the set is designed for a normal line voltage
of 1 1 5 volts, instead of 110, subtract five volts
from the actual measured line voltage, and use
the result as the line voltage in using the table.
Power resistors with Edison basts suitable for
screwing into ordinary light sockets and floor
receptacles are now on the market, and are
particularly handy for this work. Type EB
Ward-Leonard Vitrohm resistors and type 997
Aerovox Pyrohm resistors are of this type, and
may be obtained in a wide range of resistances.
Having selected a resistor of the correct rating by reference to Table 1, the work of utilizing it is a matter of ten or fifteen minutes at the

most. Fig. 1 at the left shows the connection to
the receiver from the wall outlet before the installat'on
of the resistor.
the right
are Edison
the revised connections,
using aAt resistor
of the
base type. A series tap, such as the Hubbell
No. 7029, provides a convenient means of
mounting the resistor, and has an opening at the
side for the cord running to the radio receiver.
First remove the leads from the plug. Connect
the leads to the series tap. Screw the resistor
into the series tap.
CURRENT DRAIN OF KIT SETS
\ A / HERE the receiver is built at home from
v " a kit of parts, there is no quick way of
getting the primary current rating as in the case
of the manufactured set. Table 2 gives the current values computed for tube combinations used
in most kit sets, and will prove of value in helping to determine the correct value of resistor for
use with sets built at home. The combination of
tubes is indicated at the left and the primary
current rating at the right.
Knowing the primary current rating of the
home built set and the value of line voltage, it
is an easy matter to select the correct value resistor from Table 1 and apply it as described
before.
REGULATION WITH POWER RHEOSTATS
THE information given above takes care of
those cases in which the line voltage is excessive but constant. But what about those
cases in which the line voltage is sometimes
normal and at other times excessive? In such
instances we cannot use a fixed resistor to take

TABLE 3
POWER RHEOSTATS FOR LINE VOLTAGE CONTROL
CatalogRheostat
Number of
Ward-Leonard Electric Com- Vitrohm Rheostat
pany
No. 507-63
No. 507-59
No. 507-83
Centralab
Central Radio Laboratories
RheostatPower
Name of Manufacturer

FIG. 2
The power rheostat is connected in series with the
receiver power transformer by tapping one of the
supply leads. The rheostat may he mounted in any
convenient place, provided it is not near any combustible material, as the rheostat is required to
dissipate considerable heat

up the excessive voltage, but must use a variable resistor with a maximum value of resistance
equal to or somewhat more than the resistance
required to reduce the line voltage to 1 10 volts
from the maximum value of line voltage encountered during the day. For example, suppose
that with the a.c. voltmeter we measure the line
voltage at various times during the day and find
that it reaches its highest value at 1 1 :oo p.m.,
at which time it is 125 volts. We must then use
a variable resistor with a maximum value that
will reduce the voltage for the set to 1 10 volts
when the line voltage is 125 volts. If the receiver
draws 1.0 ampere from the line, then, from
Table 1, the required resistance is 22 ohms.
Companies that manufacture power rheostats
that can be used are mentioned in Table 3.
[There are other methods of line voltage control,
but they require more elaborate and expensive
apparatus. These appliances do not fall within
the scope of this article, but will be treated in a
later one. In "Strays from the Laboratory,"
on page 259, will be found some information in
regard to them. — The Editor.]
Fig. 2 shows how to connect the rheostat to
provide adjustment of incoming line voltage.
First determine the primary current rating of
the receiver and choose the power rheostat most
nearly suited to your requirements from the
data in Tables 1 and 3.
Mount the rheostat at a convenient point,
away from combustible material. Break one lead
of the parallel cord running from the plug
to the set, and attach the rheostat in the lead
as shown in Figure 2.
Finally, adjust the rheostat until the voltage
across the tube filaments is the minimum satisfactory voltage for tube operation.

Remarks
0-50 ohms for currents up to 0.9 amperes
0-20 ohms for currents from 1.0 to 1.75 amperes
0-12.5 ohms for currents from 2.0 to 2.5 amperes
Available in suitable sizes to cover all cases.
Available in three sizes: 0 to 10 ohms, 25 to 500 ohms and
200 to 100,000 ohms. The first two sizes are most useful for
line voltage regulation.

Clarostat Manufacturing Co.

Power Clarostat

Carter Radio Company

Hi-Watt Rheostat Available in 19 different sizes from 1 ohm up to 500 ohms
Type Rheostat
SW
De Luxe
Available in sizes suitable for line voltage control, from 2
ohms to 20 ohms
Series, 1800

Herbert H. Frost, Inc.
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A Simple Short-Wave Plug-in Coil
AN OLD tube base makes an excellent wind/-\ ing form for short-wave coils. A set of
« coils, covering the entire frequency
gamut between 15 and 200 meters, is easily
made, and may be plugged into the standard
ux socket. Small holes are drilled into the sides
of the tube base (after removing glass and
cement) to permit the passage of the wires,
which are soldered to the socket prongs. The
wire may then be wound tightly in the conventional solenoid form or, if the tube base is
grooved on a screw cutting lathe, a space wound
coil may be made.
If the threading tool is ground to a blunt
point twice the diameter of the wire (generally
No. 26 or 28), three wires can be wound in the
same slot, as suggested in Fig. 1, with only a
small increase in the distributed capacity of
the coil. This is the familiar single bank winding.
Everett Freeland, Dowagiac, Mich.
STAFF COMMENT
A THIRD or tickler coil can be wound, tied
together with thread, dropped within the
tube base, and secured with a bit of wax. All
terminals can be brought out to the four prongs,
in accordance with the circuit of Fig. 2 — a
parallel feed tickler feedback arrangement. The
following table gives the correct number of
turns of wire for satisfactory tuning in the shortwave bands with a 0.00014-mfd. condenser:
'5
No. of Turns
Wave Band
Primary
Secondary Tickler
20 meters
2
4
5
2
610
40 meters
75 meters
A High-Resistance Voltmeter
HIGH-RESISTANCE voltmeter is essen-

OURfor Readers
Suggest"
is aThere
clearing
house
short radio
articles.
are many
interesting ideas germane to the science of radio
transmission and reception that can he made clear
tn a concise exposition, and it is to these abbreviated notes that this department is dedicated. While
many of these contributions are from the pens of
professional writers and engineers, we particularly
solicit short manuscripts from the average reader
describing the various "kinks," radio short cuts,
and economies that he necessarily runs across from
time to time. A glance over this "Our Readers Suggest" will indicate the material that is acceptable.
Possible ways of improving commercial apparatus is of interest to all readers. The addition of an
extra stage of power amplification, is a good
example
sort of article.
Economy
such as ofthethishome-made
power
unit, "kinks,"
are most
acceptable. And the Editor will always he glad to
receive mentalmaterial
designed to interest the experifan.
Photographs are especially desirable and will be
paid for. Material accepted will be paid for on publication atour usual rates with exira consideration
for particularly meritorious ideas.
— The Editor.
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FIG. 2
ment is about correct for full scale deflection at
three hundred volts.
Capt. R. B. Moran, Fort Monmouth, N. J.

A
put of a power supply unit. These instruments
Testing Filter Condensers
are generally rather expensive. The experimenter
can occasionally save himself some money by THE usual method of testing filter condensers by observing the size of the spark on
converting a burned out thermo-galvanometer
discharge is only approximate and is often misor ammeter into a high-resistance voltmeter.
leading. A condenser that is in poor condition
It is very unusual for the coil in a thermometer, such as the Weston
and which leaks badly will usually give a spark on discharge,
No. 425, tO burn OUt. GenerSpace /or Primary
leading one to believe that the
ally, it is the thermo-couple
condenser is in good shape.
Jim
that is fused, rendering the
instrument useless as far as its
Anyone havinga high-resistance
voltmeter may use the followoriginal purpose is concerned.
i" ^
However, by removing the
ingsults.method
£with reliable
The condenser
to rebe
burned out couple, and placing
tested
is
charged
from
a d.c.
a high resistance in series with
source, either 90 volts of B
the coil, an excellent highresistance voltmeter will be
battery or the 90-volt tap on
'Twice Wire Dia. a power unit. After waiting an
had. It is necessary, of course,
to recalibrate the scale to read
arbitrary length of time — one
in the correct number of volts.
minute, for instance — the condenser isdischarged across the
A resistance of 100,000 ohms
voltmeter terminals and the
connected in series with the coil
"kick" of the needle noted. It
of a Weston type 425 instruFIG. I
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may be necessary to repeat this test, the fust
operation giving the approximate scale reading;
then, focusing the eye on this portion of the
scale, the second reading may be obtained accurately. This will allow comparison between
different condensers and will show up a poor one.
Where a number of condensers are to be tested
a clip connection will be found convenient. Care
should be taken in handling the connecting
wires to prevent the charge from leaking off
through the resistance of the body before it is
discharged across the voltmeter. When using a
90 volt charging source and a Weston voltmeter,
0-150 volts scale, havinga resistance of 13,500
ohms, it was found that high-grade condensers
in good condition gave a needle swing on discharge of about 5 volts for each microfarad of
rated capacity.
D. C. Redgrave, Norfolk, Va.
A Grid-Plate Detection Switching
Arrangement
DADIO BROADCAST has devoted considerable attention to the possibilities of
plate or bias rectification in the detector circuit,
stressing its advantages and disadvantages in
comparison with the more conventional gridcondenser system. While the plate system reduces overloading on local stations, its lack of
sensitivity does not recommend it for dx reception. A switching arrangement, permitting instantaneous change from one method of rectification to the other is obviously the ideal arrangement.
The writer has evolved the simple circuit
shown in Fig. 3. A double circuit jack is employed to effect the change. The jack is mounted on the operating panel close to the detector
tube, and functions in a push-pull fashion by
means of bakelite rod J" in diameter, fitting the
jack like a phone plug. Two small cotter pins
limit the motion of the pin. (A Yaxley type
VM switch may be substituted for the improvised jack idea.) The insulation on the jack
should be of the best, and no paste or acid flux
should be employed in making the soldered lead
connections.
There is no difference in the tuning dial readings with either system of rectification. Anytype of detector tube can be used, the bias battery varying between 1.5 and 6 volts, depending
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FIG. 4
upon the tube and the plate potential. These
voltages should be varied until best results are
obtained. Using a 201 a tube, with 45 volts on
the plate, a 4.5 volts C-bias will be correct.
Joseph A. Gardner, Los Angeles, Cal.
A Cheap B Battery Substitute
THERE remain many receivers operated
from B batteries due to the relatively high
cost of power supply devices. A cheap but quite
satisfactory socket power device can be built
up in accordance with the diagram of Fig. 4,
using two bell -ringing transformers having 6
and 12-volt secondaries.
The 6-volt winding of one transformer is
used to light the filament of the rectifying tube
(a 201 a with the grid and plate strapped) while
the 12-volt secondary is connected to the 6-volt
winding of the second transformer, which will
then output 220 volts from the primary, acting
as a step-up transformer.
If the drain to the receiver is comparatively
low, not exceeding twenty milliamperes, the
primary of an audio-frequency amplifying transformer can be used as a choke coil.
The values of the condensers are indicated
on the diagram. Resistors Ri and R? are conveniently combined in a Duplex Clarostat, while
R3 is a fixed 5000-ohm resistor.
C. H. Meissner, Woodcliff, N. J.
Noisy Reception and Soldering Flux
THE soldering flux that is used in the construction ofradio apparatus is generally considered arelatively inconsequential item in the
building of a receiver, regardless of the fact that
the use of rosin is recommended in the majority
h
of constructional descriptions. Asa service man
c
whose endeavors are divided
between the ailments of
home-made and commercially built receivers, I do
not think this consideration
has been adequately emphasized. Too much publicity cannot be given to the
detrimental effects of the
average soldering flux.
Unnecessary radio noises
form fifty per cent, of radio
troubles, and in my own
experience no less than nine
out of every ten cases of
noise can be traced directly
to the use of an acid flux
or paste. Static, poor connections, run down batteries, and antique grid
leaks do not produce more
than ten per cent, of the

BROADCAST

noise difficulties encountered in
home-made receivers.
Nothing but rosin should be
used to facilitate soldering. While
the use of rosin necessitates careful scraping of joints, a very clean
and hot iron, the extra trouble is
more than compensated by permanently quiet reception.
Once noise has developed in a
receiver an attempt, occasionally
successful, can be made to clean
the suspected parts, such as socket
and transformer terminals and escracks adjacent
to soldered pecially
connections.
The terminals

and surrounding territory should
first be cleansed with an alkali, such as household
ammonia. This in turn is washed away with
water. A generous application of wood alcohol
completes the ablutions.
This sometimes works — not always. As usual
an ounce of prevention, in the way of rosin-core
solder, is worth a pound of cure.
A. G. Woodward, New York City
A New Use for Burned Out Tubes

a neube usedr.f.as circuits
out tube may
tralizingED condenser
A BURN
in many
where the neutralizing capacity
must be approximately the same
as the grid-plate capacity of the
r.f. tube. No connection is made
to the filament. The difference
in capacity between tube in the
lighted and unlighted condition is
so small as to be of no importance when used as a neutralizing capacity. A great advantage
of this stunt is that no adjustment is required. Of course, the
neutralizing tube will have to
be of the same type as the r.f.
tubes.
R. Wm. Tanner,
Berkeley, Cal.
Mounting Single Hole Condensers
With Special Dials
T ENCOUNTERED difficulty in mounting a
*■ single hole type of condenser with a Marco
dial so that the rotor would turn without binding. This particular make of condenser would
not fit the mountings that
came with the dial. By
2
adding an extra bracket to
_j
the frame, I was able to
the condenser in a
1-T-^ mount
tory.
manner altogether satisfacThis bracket is made
of tV' brass strip f" wide
and drilled
3" long.
are
near Two
each holes
end
with a f" drill. The size
of the center hole varies
with the make of condenser. A f hole is drilled
in the frame of the dial
at A. A slotted hole comes
drilled in the frame of
the dial on the other side
of the shaft.
The condenser is mounted
on the bracket and the
shaft inserted in the condenser hub as is made
clear in Fig. 5. The bracket
is then adjusted to fit
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and is bolted to the frame with two small
bolts. The rotor is positioned so as to give
the correct reading on the scale and the set
screw is then tightened. The condenser is then
ready for mounting on the panel of the receiver.
Stuart E. Moody, Rochester, N. Y.
Two Receivers From One Antenna
TWO radio
may beif efficiently
ated fromreceivers
one antenna
connectedoper-as
shown at A in the diagram, Fig. 6. The size of
the radio-frequency choke is not critical but it
should have low distributed capacity. The one
1 am using is one inch in diameter wound for
four inches with number 26 d. c. c. wire. Both sets
must be of the non-oscillating type. Either common or separate ground connections may be
used.
C. H. Campbell. Bridgeport, Conn.
STAFF COMMENT
THERE are several other simple ways of
operating two or more receivers from a single
antenna. Different systems work better with
different receiver combinations. Two additional
systems are shown in B and C of Fig. 6, B being
the better of the two methods.

An Extra Power Stage of ResistanceCoupled Amplification
AN ADDITIONAL
stageto ofpractically
power amplification can be added
any
receiver without touching the wiring of the set
itself. A resistance-coupled power stage is assembled exterior to the receiver and is merely
plugged into the output jack of the set (or wired
to the output binding-posts, as the case may be).
Additional connections are, of course, made to
the A, B, and C batteries, while the loud speaker
is plugged into the output of the power amplifier.
The power tube may be left in the receiver,
or a lower power tube substituted for it, and the
bias changed accordingly. The usual power tube
arrangement prevails in the added stage.
Archie H. Klingbeil, Ashtubula, O.
STAFF COMMENT
THIS additional stage of power amplification
is not limited to resistance coupling, but may
be employed with single transformer, impedance
and push-pull circuits. In cases where the receiver isequipped with a choke coil output device, the coupling condenser and the resistor
can be dispensed with, only the grid lead to the
extra tube being necessary.
An external stage of amplification is not practicable on receivers already employing three
steps of audio, or with sets provided with output transformers.

A

Compact

and

g of the
SINCE the beginninootin
g has
radio art, trouble-sh
been one of the bugbears of
the engineer, experimenter, and
novice. Modern broadcast receiving
sets often break down when least expected, and many times at points
which the designing engineer had
considered invulnerable to anything
short of earthquakes, lightning, or
dynamite.
Most readers of this magazine
have spent an evening attempting to
locate the source of trouble in a
balky or inoperative set. After prying
out coils, transformers, condensers,
and other apparatus; after testing
them, and finally after several hours
work, it may have been discovered
that the trouble was due to a weak
tube or poor connection. In itself the
defect could probably have been remedied in a
few minutes: but hours were spent in locating it.
A tester to help in locating defective apparatus
would be of great convenience.
The instrument described here is dedicated
to the purpose of saving time and patience. The
"trouble shooter" is used to test each tube in
the set while the set is in operation. Defective
apparatus connected in the tube circuits will
usually change the readings of the meters in the
tester. Defective tubes or improper A, B, or C
voltages can also be determined. The tester will
not point an "accusing finger" at any certain
piece of apparatus, but will aid in localizing any
trouble in the set, thus saving much time.
The tester makes use of a tube base which
is inserted in the socket of that part of the set
where trouble is suspected. A four-wire cable
from the tube base is connected through meters
to a socket in the tester. An ammeter is in series
with the filament circuit, and another is connected in the plate circuit. The tube is inserted
in the socket of the tester, and the set turned on.
The filament and plate current drawn by the
tube are indicated by the meters. The meter
readings will usually give a clue as to where the
trouble is located.
WHAT PARTS ARE NEEDED

parts for the "trouble shooter"
A LIST
is as offollows:
Ai — i Milliammeter, o-io mA (Weston model
506 or Jewell model 135), or 1 milliammeter,
0-25
135) mA (Weston model 506, or Jewell model
A2 — 1 Milliammeter, 0-500 mA (Weston model
506 or Jewell model 135)
R — 1 10,000-ohm resistor, current carrying
capacity 25 mA. (for 0-25 milliammeter) or
1 20,000-ohm resistor, current carrying capacity 10 mA (for 0-10 milliammeter)
51— 1 Small d.p.d.t. switch
52— 1 Push-pull, or toggle switch
2 Binding posts
1 ux socket
1 ux tube base
Panel, cabinet
8" x 3I",to or
11 Small
fit other
panel convenient size
The 0-10 or 0-25 milliammeter, Ai, is used to
measure the plate current drawn by the tube. If
it is expected to test sets using the 171 or 210
type of tubes, the 0-25 milliammeter should be
used. For sets using a 1 12 type power tube or no
power tubes the range of the 0-10 milliammeter

Inexpensive

^Trouble

Shooter
be within five per cent, of their
marked value; therefore quite accurate voltage readings may be de-

CT'HE "trouble shooter" described in this
article has the virtues of simplicity in
construction and operation, and low cost. It
does not have the universal range of the tester
described by Mr. Messenger in the July
number of Radio Broadcast; it is designed
to measure the filament currents, plate currents and plate voltages of d.c. tubes while
the set in which they are used is in operation.
However, as the author points out, in most
cases of receiver trouble the information given
by these measurements will localise the defective parts of the circuit and make a blind search
unnecessary. The compactness and portability
of the "trouble shooter," together with its inexpensiveness and simplicity, should make it
a very valuable instrument —toThe
the service
Editor.man.

will be sufficient. When the higher reading meter
is used, a reading of one or two milliamperes will
scarcely be visible on the scale; therefore if possible, use the 0-10 milliammeter. [It is a simple
matter to use a low reading milliammeter, 0-10
mA, for example, and to place across it a shunt
when higher currents are to be read. Such a shunt
may be constructed of part of a rheostat and
connected to a switch which is installed on the
panel. The rheostat could be mounted inside the
cabinet, of course. — The Editor ]
The 10,000- or 20,000-ohm resistor, R, used
with the plate current meter permits the meter
to be used to measure B-battery
voltage when the voltage is im- - Opressed across the two binding
posts. If the 0-25 meter is used in
the tester, the 10,000-ohm resistance should be used, and the reading in milliamperes multiplied by
ten to give the reading in volts.
The full scale voltage reading will
be 250 volts. When the 0-10 milliam eter isused, the resistance
should be 20,000 ohms; and the
reading in mils multiplied by 20 to
give volts. In this case the 2full
73 scale
reading will be 200 volts. Only an
accurate high grade resistance
should be used in order to insure
correct voltage readings. Good resistors are usually guaranteed to

pended on.
The principle
by means of which
an ammeter may be converted into
a voltmeter as described in the preceding paragraph is simplicity itself.
A known resistance when connected
across a source of potential will allow
a certain current to flow. If an ammeter is inserted in series with the
resistor to measure the magnitude of
the current, the voltage applied may
be calculated by a simple application
of Ohms law: E = IR. If R is made a
constant value, E is directly proportional to 1 at all times. Therefore the
voltage being measured is proportional to the deflection of the needle
on the ammeter scale. Suppose a 0-10
milliammeter is to be used to measure voltages up
to 200 volts. In order to determine the proper
value of resistance to be used with the meter,
Ohms law is again applied: R= E/I. Two hundred
voltsdivided byo.oi ampere gives us 20,000 ohms
resistance. The multiplication factor is gotten
by dividing the maximum voltage to be measured
by the maximum reading on the meter. In this
case 200 volts divided by 10 gives a factor of 20.
This means that the reading in milliamperes
multiplied by 20 will give the voltage.
1 anc construction of the tester tube.
'HE tube base is taken off a discarded
id should be of the ux type. Break away
as much of the glass as possible, and then scrape
out the cement. When the base is thoroughly
cleaned
out, solder a flexible lead about two feet
npHE
long
to each of the contact pins inside the base.
It is advisable to use leads of a different color for
each of the four wires to prevent confusion when
the unit is completed. The handle for the tube
base may be made from a piece of broom stick.
Saw a piece about three inches long from the top
of the broom — making sure, of course, that your
wife is not in the vicinity. Bore a hole lengthwise
through the center large enough to accommodate
the four flexible leads which you have soldered
to the base. Now, whittle down the end of the
handle until it fits snugly within the base. Pass
the four leads through the hole; coat the end of
the handle with glue, and force it into the base.
The four leads should be tied or taped together
in several places in order to make one compact
cable. The free end of the cable connects to the
UX-Socket

UX-Plug

FIG. 1
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NORMAL PLATE AND FILAMENT CURRENT FOR VARIOUS TUBES
T

Filament
Current (niA)

200A
201 A
112
112A
171
171 A
199
120
12
226
227
210

250
250
500
250
500
250
60
125
250
1050 a.c.
1750 a.c.
1250

45

V.
0

]0

Plate Current (mA)
V. 90 V. 135 V. 157 V.
1 7 2.0 2.5
4.0 5.8
Same
112 7.9
11.0 as16.0
Same
as
171 18.0
1 7 2.5 7.0
3.2
1 8 2.6 6.0
3.7
3.0 5.0
250 V. 350 V.
12.0 16.0

67

-3.0
180 V. 45 V. 67 V.
-1.5 -3.0
-3.0
20.0
3.8
6.0
425 V.
18.5

-4.5Grid -9.0
volts
-9.0
-10.5 180 V.
157 V. -40.5
90-4.5V. 135 V. -33.0
-27.0
-4.5
-16.5
-4.5 -9.0
Same -22.5
as-9.0
112
-16.5
-6.0
-16.5
-13.5
-6.0
Same as 171
-27.0 -35 0
-18.0
250 V. 350 V. 425 V.

The operating currents and voltages of the standard tubes are given in the table above as helpful data for
use with the trouble shooter. The table may be clipped and pasted on one of the panels of the instrument,
thus making it handy for use in checking up on tubes.
tester through a hole in the back of the cabinet.
A d.p.d.t. switch, Sj, is used to reverse, when
necessary, the direction of current flow through
the filament milliammeter, A2. The filaments of
various sets are not always wired alike as to
polarity; hence, when some sets are tested you
will find it necessary to have the switch to the
right in order to have the filament meter read;
with other sets the switch will have to be thrown
to the left.
A small short-circuiting switch, S2, is connected across the filament milliammeter, A->, for
protective purposes. The meter should be shortcircuited when tubes with a filament consumption of more than 500 milliamperes, or tubes
using A. C. on the filament, are tested.
The placement of the parts is shown in the
photograph, and Fig. 1 gives the wiring of the
instrument, which is quite simple.
TROUBLE SHOOTING
TO TEST a set thoroughly with the "trouble
shooter," take out the first radio-frequency
tube and insert in its place the tube base of the
tester. Place the tube in the tester socket, turn

the set on, and note the readings of filament and
plate current. If possible, adjust the filament
current to its normal value. If the plate current
is not near normal, replace the tube with one
which is known to be good, and again note the
plate current reading. If the reading is the same
as the previous one, the defect probably lies in
that part of the set which is connected to the
tube circuit; or perhaps the B or C battery voltage is not of the proper value. Each tube socket
in turn should be tested until the trouble is localized. Itshould not take more than a few minutes
to test the entire set.
Below is given a list of symptoms and a guide
to where the trouble can probably be found.
After becoming accustomed to using the tester
you will find that with very little trouble you
can completely analyze a set.
[. Filament current — no reading
(a) filament circuit open
(b) defective rheostat or ballast resistance
(c) A-battery dead
(d) defective tube
2. Filament current — below normal
Book

What Use Broadcasting? By William G.
Shepherd, included in "Mirrors of the
Year." Frederick A. Stokes Co., New York,
1928. Price $4.00

IT IS fitting that the current "Mirrors of the
Year,"
among articles
aviation,
the state
of
the nation,
Messrs. onSacco
and Vanzetti,
feminism (U. S.), the fevers of journalism,
the progress of science, art, literature and the
movies in the United States, should include a
treatise on broadcasting. Mr. Shepherd's discus ion isreprinted from Collier's. It is not a depressingly serious effort, and will be remembered
no longer than the paper on the theatre which
precedesfollows,
it or the
on theinto
girls'theclothes
which
but article
it fits neatly
jazzy
although quite informative pages of the Messrs.
Frederick A. Stokes Company's compendium.
Mr. Shepherd's principal interest is in the
political and sociological aspects of broadcasting,
and he begins with a story about the Republican
Convention at Cleveland, in June, 1924. He says
he saw there a "puzzled looking young man
fooling around with various gadgets," in a
glass booth. The young man turned out to be
Graham McNamee, then just beginning his
career as perhaps the premier political reporter
of the air, although already famous as a radio
announcer in other fields. Mr. Shepherd may be
romancing a little, because I do not believe that
anybody ever saw McNamee puzzled, and the
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(a) toocircuit
much rheostat resistance in the
(b) poor contacts in filament circuit
(c) A-battery voltage low
3. Filament current — above normal
(a) insufficient
circuit rheostat resistance in the
(b) A-battery voltage high
4. Plate current — no reading
(a) plate
circuit primary
open
(b)
transformer
open
(c) B-battery dead
(d) B-battery polarity reversed
(e) defective tube
5. Plate current — below normal
(a) C-battery voltage high
(b) B-battery voltage low
(c) tube defective or needs reactivation
6. Plate current — above normal
(a) grid
circuit open
(b)
transformer
secondary open
(c) C-battery voltage low
(d) C-battery polarity reversed
(e) B-battery voltage high
(f) defective tube
The table on this page, giving the normal
plate and filament currents and grid biases, for
the standard vacuum tubes, will also prove
helpful in trouble-shooting.
When testing B-batteries, be sure that the
tester is not connected to the set. The terminals
of the B-battery are connected to the proper
binding posts, and the milliampere reading
noted. The reading multiplied by the factor gives
the voltage. It is wise to scratch the multiplication factor on the panel. Also mark the positive
binding post, so that the battery may be connected with the correct polarity each time.
The "trouble shooter" is not guaranteed to
be a cure-all, but when used intelligently it will
save the user much time, trouble, and possibly
expense. For the laboratory, and for service and
repair men, this instrument will be found invaluable.

Review

operators would kill him if he touched the
gadgets — unless, of course, he first gave them a
drink or other good and valuable consideration.
Mr. Shepherd goes on to tell how, in contrast
to the unknown functions and future of broadcasting in 1924 politics, in 1927 President
Coolidge waited ten minutes before starting his
speech at a United Press banquet, because the
stations of the broadcast chain were not ready to
go on when he was. In a considerable number of
years of active broadcasting I never saw that
happen, but probably the President would wait
in such a contingency, because he knows that
the audience along the network far exceeds that
visibly present. The same thought, no doubt, emboldens the broadcast technicians to erect a
rampart of microphones before the Executive
so high and wide that most of the people in the
hall where he is speaking can't see his face.
"What Use Broadcasting" continues with
some consideration of the delicate problem of
free speech on the air. "There is more freedom
of the air in 1928," says Mr. Shepherd, "than
there and
was early
in theas broadcasting
era."Shepherd
This is
true,
I believe,
apparently Mr.
does, that it is due to the influence of a highly
intelligent and tolerant conservative, Mr. M. H.
Aylesworth. I am myself in the liberal and sometimes in the radical camp, and so I may be
allowed to say without suspicion of bias that, in
situations where amicable adjustment is possible,
I would far rather deal with a sincere and fair-

minded Tory than with the average jumpy and
querulous liberal. For an illustration on a large
scale, just look at Dwight Morrow and Mexico.
In broadcasting, Mr. Shepherd cites the case of
Mr. Norman Thomas speaking over wjz without
any censorship, and without pulling down the
pillars of society. Since then, as a matter of fact,
not only a few socialists, but even several communists, have agitated the 50-kilowatt transmitters, and what happened was precisely what
my kind customers may recollect I have been
predicting in our "As the Broadcaster Sees It"
department for the last three years — nothing.
The listeners were all tuned to the other channel,
enjoying a jazz band. Of course the defenders of
the downtrodden do not get a fifty-fifty break
on the air, or anything like it. They have no
more chance of that than Mr. Hughes would
have of presenting the capitalist case in Russia.
But in this country they are certainly getting a
better break in broadcasting than in the domestic
movies, for example. Can you imagine one of the
news reels portraying the handsome countenances of Messrs. Foster and Gitlow, even once?
The present regime of intelligent and unfrightened conservatism in the high seats of broadcasting is about all that can be expected while the
stone angel on top of the Cathedral of Saint
John the Divine stands mute with his trumpet
raised to his lips, not yet ready to announce the
Resurrection.
— Carl Dreher.

'ANY
listenersconfines
a. 2 turning
from
the narrow
of theaway
broadcast
band, in which too often musical excellence and technical perfection are stifled
under the never-ending flood of politics and
sectionalism. Naturally enough, the recent trend
has been toward the short waves. It would
be useless to claim that there are more interesting things above the broadcast band than below it, but much of the real pleasure of radio
lies in a broad interest rather than a narrow
one, in standing aloof from the fads, in being
somewhat original. And an exploration of the
waves between 550 and 2500 meters will not
prove entirely what Carl Dreher calls "chocolate-and-pineapple" originality.
In the July issue of Radio Broadcast a
short-wave adapter for the R. B. Lab. receiver
was described. This article continues the completion of the Lab. receiver, but the adapter
here described may be used with practically any
set having one or more stages of audio-frequency
amplification. As the adapter contains a detector circuit, only the audio circuits of the receiver are used. The adapter's phone broadcast
reception possibilities, in America at least, are
slight. Most of the signals within its range are
in code. But the adapter makes a good
code practice set for those who wish to
broaden their radio knowledge in this direction.
GENERAL DESIGN
M

The adapter, whose circuit is shown in
Fig. 1, consists essentially of a tuned
detector circuit which can be made to
regenerate or oscillate. For economy and
compactness the regeneration condenser is
quite small. The antenna coupling is inductive and variable. The detector output
terminates in a tube base which plugs
into the detector socket of a standard
broadcast set. The adapter detector
(with its high tuning range) in this way
temporarily replaces the set detector.
Two Silver-Marshall plug-in coils Li, L2,
and L3 — the 111-D and the 111-E — are

described
THEwas long-wave
on with here
the
conjuncti
designed inadapter
short-wave adapter described in the July
number of Radio Broadcast, to extend
the receiving range of the R. B. Lab receiver,
so as to include all the wave-bands between
20 and 2500 meters. However, the unit may
be used with any receiver that embodies one
or more stages of audio. By substituting a
0.0005-mfd. tuning condenser for the 0.00035mfd. condenser illustrated the tuning range
may be extended so as to receive NAA, at
2677 meters, and other stations above 2500
meters. Also a plain dial may he substituted
for the more expensive vernier dial mentioned
in the list of parts, since long-wave stations
degrees.
will remain tuned-in over several
— The dial
Editor.

used. With the 0.0003 5-mfd.
the respective tuning ranges
1400 meters and 1 100-2500
tion chart in Fig. 2 will

tuning condenser, Q,
of these coils are 600meters. The calibraprobably hold quite
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FIG.

Ant. AA+ B +
I. THE CIRCUIT DIAGRAM

approximately for any adapter, as on long waves
circuit changes do not have a very great effect.
A 0.0005-mfd. tuning condenser would extend
the tuning ranges slightly, and would be desirable for those who wish to copy the naa time,
weather, and press broadcasts on 2677 meters.
For effective reception at higher wavelengths
the antenna should be rather long. It is true that
many stations can be heard on the usual 100foot broadcast antenna, but signals are louder
with a longer one. The writer used a 250-foot
single wire in tests, and 750 to 1000 feet would
not "be too long. Even on short waves a long,
low single wire seems to improve the signalnoise ratio upon which satisfactory reception
depends. Where the lighting wires are overhead
rather than underground, a light socket antenna
plug offers possibilities.
constructional details
HP HE construction is plainly apparent from
A the diagrams and photographs. The unit
is so simple that none should have trouble
with it. The arrangement of parts and wiring
can, of course, be varied to suit individual requirements. The wiring is done with solid Acme
Celatsite. As explained in the short-wave adapter
article, the a.c. tube is not a good
oscillating detector. For this reason a
d.c. tube is always used in the adapter;
it may be almost anything from a ux1 12A to a ux-199. The ux-i 12A, UX-200A
and Ceco H are more sensitive than
others. If a ux-199 is used with a 6-volt
battery the rheostat, R2, should be 50
ohms.
The plug connections are clearly
shown in Fig. 4. If the receiver power
is direct current, the adapter requires
no additional battery. If the receiver
power is alternating current, the adapter
requires an A-battery. For intermittent
use with a storage battery tube four
or eight dry cells should do; a ux-199
tube will run even on a 45-volt C-battery.
A list of the parts used in this particular
set is given below.
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2500 CALIBRATION CHART FOR
LONG WAVE ADAPTER
x 2000 Made with Kolster Decremeter
Oscillatir,g,250'
Antenna.12.000
ohi
5 1500 —inDetector
Det. Plate Ci
g 1000
500

_No
40

50 60
SETTING
FIG. 2

80 90 100

THE PARTS USED
HOME constructed coils for this adapter can
be made in this manner: For a coil with
a wavelength range corresponding to curve
iii-D, Fig. 2, wind on a 2" cylinder a bank
wound coil consisting of 13 piles of 20 turns each
for the secondary. The winding at one end of
the coil. Li, should contain 100 turns and the rotor
winding, L3, should contain about6o turns. For a
coil to tune as indicated by curve 111-E wind
9 piles of 44 turns each on a 2" form, the other
two windings being the same as above. Use
about No. 28 s.s.c. wire for all the windings.
The other parts specified for this adapter
have no special electrical characteristics and
parts electrically equivalent to those mentioned
in the list may, of course, be used.
Ci — Hammarlund type M L-17 variable condenser, 0.00035 mfd. (A 0.0005-mfd. variable
condenser may be used, as explained in the
text)
C2 — Hammarlund variable condenser, 0.0001
mfd.
C3 — Sangamo fixed condenser, 0.00025 mfd.,
with grid leak clips.
Li, L2) L3— Silver-Marshall coils, No. 111-D
and No. 1 1 i-E
Ri — Tobe Tipon grid leak, 6 megohms
R2 — Yaxley switching rheostat, 30 ohms (50
ohms for ux-199 tube)
R3 — Durham
resistor, 10,000
ohms
1 Karas 4" vernier dial
1 Benjamin cushion UX socket
1 Silver-Marshall coil socket,
type 515
4 Eby binding posts, small
1 Bakelite panel, T36" x 7" x 9"
1 Bakelite binding post strip,
TB3 'I vx i3" yx 44a!"
1 sPlywood
baseboard, 1" x 8" x
r.
Celatsite wire
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the broadcasting stations shut
down for an SOS, one can often
hear spark signals from the disabled ship itself.
Marine direction finding occupies 800 meters. A ship in doubt of
its position calls a control station
on shore. Then two or more widely
separated stations on shore take
radio bearings
the bearings
ship's transmitter. When on
these
are
plotted on a chart their intersection gives the ship's position,
which is promptly radioed to it by
the control station on shore.
When the coastal weather is at
all foggy one can hear the radio
beacons sending out their distinctive signals. They are small tube
transmitters, usually aboard lightships, and their
note is c.w. modulated at about 1000 cycles.
Their signals may be found on the Department
of Commerce navigation charts. A few in the
New York area actually checked by the writer
are: Nantucket Shoals Lightship — 4 dashes;
Fire Island — 2 dashes; Ambrose Channel —
single dashes; Seagirt Lighthouse — 3 dashes.
By listening to these beacons start up, one after
another, it is possible to trace roughly the progress of thick weather along the coast. People
who live far inland will miss a great deal of
this marine radio, unless they are near the Great
Lakes.
Long-wave broadcasting has never taken hold
in America, but it is important in Europe.
Theoretically, the range of a 1400-meter station
should be over three times that of a 400 meter
station of the same power, but for some reason
the long-wave European broadcasters do not
seem to get out very well. Perhaps the average
receiving antenna is too small for effective long-

WHAT THERE IS

of signals
THERE are plenty ast
band.
above the broadc
Some valuable information is
contained in the chart on page
169 of the July issue of Radio
Broadcast, and in the table on
page 52 of the May issue. All
these frequencies are assigned
by international conferences in
which every important nation is
represented. Six hundred meters
is the calling wave for ships of
all nations on the seven seas.
When contact has been established with another ship
or the shore, messages are
usually handled between
600 and 1000 meters,
though the 600-meter
wave may be used for
messages where calling
is not interfered with. This
wave is also used for marine distress calls, which
are fortunately rare. When
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FIG. 3. THE

FIG. 4
FOR DIRECTION FINDING

wave work. Some long-wave European broadcasters using over 10 kw. are: LP, Berlin, 1300
meters, 12 kw.; projected station at Moratala,
Sweden, 1304 meters, 40 kw.; projected station
at Moscow, 1450 meters, 40 kw.; 5XX, Daventry, England, 1600 meters, 16 kw. (from Citizens
Radio Call Book). Trying for these stations
should prove interesting during the winter
months.
Large ships use bands between 2000 and 3000
meters for through traffic, and often attain surprising ranges. Two or three years ago the
transport Chateau Thierry worked New York
with its 5-kw. arc from a position near San
Francisco.
Some applications of this long-wave adapter
make it useful on small yachts or other ships
equipped only with conventional broadcast receivers. By listening on 600 meters in fog or
storm, the navigator can get some idea of the
number of ships near him, as well as bits of information about the weather and sea from the
messages these ships exchange. broadcasts
The Navy weatheand press
may
also come in very handy at
times. By listening to the
radio beacons on 1000 meters the yachtsman can get
a rough idea of his distance
from them. It would even
be possible to rig up a loop
on deck — say about 30
turns on a frame two feet
square, connected in series
with a large variable condenser and the adapter primary Fig. 4Signal
shows
the
connections.
changes
are noted on rotating the
loop; the minimum signal
means that the beacon is
in a direction perpendicular to the plane of the
loop. This arrangement
should work up to five or
ten miles.
Though
these higher
waves are almost unknown to most radio listeners, they play a great
and increasing part in the
business of the world. The
man who is bored with
broadcast reception, who
wishes to broaden his interest and extend his
knowledge, will find a
new field in exploring the
possibilities of the radio
spectrum,
PLACEMENT OF THE INSTRUMENTS
cast bands.above the broad-
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THE Stromberg-Carlson receivers
5
Nos. 635 and 636 are self-contained, completely light-socketoperatedceivingradio
receivers,
the
re1
apparatus and the complete
powermetal
supply
mounted onin
one
base being
and contained
a single cabinet. The No. 635 receiver is housed in a table mounting cabinet ; No. 636 is] a console
model. The same apparatus and
circuit is employed in both. Type
227 tubes are used throughout the
receiver with the exception of the
audio output tube, which is a type
171 tube, and the rectifier which is
a full-wave type 280. The tuning
system uses four stages, consisting
of the tuned antenna stage followed
by three tralized
stagesradio-frequency
of tuned amplificaand neution. The coils
are enclosed in
aluminum shields and the variable
condensers are all ganged to the
single tuning control. The detector is the C-battery
type, andformerthe
is a two-stage
transcoupledaudio
affair.amplifier
The volume
control consists
of two variable resistors mounted on the same
shaft and operated from a common control, one of
the resistors controlling the amount of signal
energy entering the r.f. amplifier and the other
controlling
detector. the amount of energy admitted to the
The Nos. 635-A and 636-A receivers are designed
to operate efficienUy on 105-125 volts, (50-60 cycle
a.c; the Nos. 635-B and 636-B receivers on 105125 volts, 25-40 cycle a.c; and the Nos. 635-C and
636-C receivers on 210-250 volts, 40-60 cycle a.c.
The receiver
equipped
with a switch
to compensate low and is high
line voltages.
With voltages
lower tionthan
those
recommended
for
efficient
opera-e
of the receiver, the receiver may opera
satisfactorily,
but
the
amplification
will
be
decreased and the tone quality impaired; and with
voltages
greater
than
those
recommended,
the
life
of the tubes will be somewhat shortened.
TECHNICAL DISCUSSION
1. The Tuning System.
The antenna
stage sensitive
of the receiver
is tuned, ofwhich
makes
the set more
than receivers
the
same type employing an untuned antenna system.
One control operates all of the tuning condensers,
C, simultaneously, accurate electrical alignment
of the various stages being obtained by the use of
smalling midget
in each stagetheseconnectacross the condensers,
main tuningCi,condensers;
latter
condensers are adjusted at the factory.
2. Detector and Audio System.
Plate trectification
or "grid
methodof ofhighdeection is used, followed
by bias"
two stages
quality transformer coupled audio amplification,
the ratio of the first transformer being 4:1, and that
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in parallel and are supplied with
approximately 4.5 volts from the
power transformer.
A 20-ohm
potentiometer, R4, with its
variable
conpBfew- — tact grounded
balance,
shunted
across for
this hum
current
supply.is
5. Plate Circuits.
plates
andThefirst
audioof the
tubesradio-frequency
are supplied
with approximately 110 volts d.c.
from the power equipment. The
detector plate is supplied with apately 36 voltsis d.supplied
c. and with
the
audio output proximtube
approximately 180 volts d. c. from
the
power equipment.
The radiofrequency
and first audio
plate
supply
is
"bypassed"
by a 3-mfd. condenser, toC2, ground
which
is contained
the power
ment, and theinplate
supply equipto the
MODEL
radio-frequency
tubes isat "bypassed"
to
the
cathode
each
radio- frequency tube by a 0.5-mfd.
of the second being 2.8:1. The secondary of each
capacitor.
detector capacitor,
plate supply is "bypassed"
audio transformer is shunted with a 1.0 megohm
to groundtained The
iby
n the a 3-mfd.
power equipment. C3, which is conresistor to obtain the desirable audio-frequency
6. Grid Circuits
characteristic. The output of the audio system is
The grids of the radio-frequency and first audio
coupled to the loud speaker by means of a 60tubes are biased negatively approximately 5 volts
henry choke and a 2.0-mfd. condenser A correctly
with
respect toconnected
the cathodes,
meanscathode
of a 1500designed
filter is
ohm resistor
betweenby each
and
included in"high-frequency
the audio output cut-off"
system. audio
A phonograph
ground. The detector grid is biased negatively appick-up
jack
is
provided
in
the
front
panel
of
the
proximately 3.5 volts with respect to the cathode,
receiver, which, upon insertion of the phonograph
by means of a 10,000-ohm resistor connected bepick-up
plug, connects the output of the pick-up
the audio
tween the cathode and ground. These biasing reofto the
receiver.system in place of the detector output
sistors are "bypassed"stages,
by and
0.5-mfd.
3. Volume Control.
in the radio-frequency
by a capacitors
1-mfd. capacitor in the detector stage. This prevents the
The volume control consists of two separate
resistors from having any effect on the radio freunits operated simultaneously by the same control
quency current and insures stability. The power
knob. potentiometer,
The primary ofRi,theshunted
antenna across
coil hasit, awith
10,000ohm
the
equipment
40.5 volts
bias tosupplies
theSupply
gridapproximately
of the audio output
tube.negvariable contact grounded. This controls the
7. TheativePower
amount of signal admitted to the radio-frequency
The power transformer consists of a primary
amplifiers.
The R2,second
unit across
is a 10,000-ohm
winding and secondary windings which supply the
able resistor,
shunted
the primaryvari-of
radio-frequency and first audio tube heaters, the
the third
radio-frequency
transformer.
This
condetector tube heater, the audio output tube and
trols the amount
of signal admitted to the detector.
4. Filament
Circuits.
dial light filaments, the rectifier tube filament, and
the high voltage which is rectified and filtered to
The
heaters
of
the
three
radio-frequency
and
first audio tubes are connected in parallel, but with
supply the plate voltage for the receiving tubes.
The grid bias voltage for the audio output tube is
separate twisted pair connections to each tube
also supplied from this source. The primary circuit
from the power transformer secondary, which
supplies approximately 2.3 volts to each of these
of
theswitch,
power which
transformer is provided
with
a "Hitubes. The power transformer secondary which
Lo"
or low
line
supplies these tubes is provided with a grounded
voltages.
Full-wavecompensates
rectificationfor ishighaccomplished
center tap for hum balance. A separate secondary
by
one
ux-280
Radiotron
or
cx-380
Cunningham
rectifier tube, and the filter system consists of a
of the power transformer supplies approximately
2.3 volts to the detector tube heater; this results
5°-henry
choke,
a 3-mfd.
condenser
and across
a 10-mfd.
condenser.
A voltage
divider
connected
the
in a better
condition R3,for with
suppressing
hum. contact
A 10output of the rectifier and filter system supplies
ohm
potentiometer,
its variable
the correct voltages to the radio-frequency, detecgrounded for hum balance, is shunted across the
tor, and audio tube plates and to the grid of the
current supply to this tube. The filaments of the
audio output tube.
audio output tube and the dial light are connected

' Lamp

1 Diai

THE ;770ohm
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closely as possible to
the glass to prevent
edge effects. The great
practicalconstruction
advantage ofis
this
shown in the top view
of the receiver, where
it will be seen that the
tubes are mounted horizontally with their
screening grids in the
planes
of
the
inter-stage
partitions, which
are cut
away
just
sufficiently
allow for the diameterto
of the glass. The whole
of each stage is entirely
enclosed
bythethecover
screen-is
closed.ing when
Furthermore,
by
an ingenious process the
used
to remove "getter"
the last
magnesium
traces isoflimited
gas fromto the
tube
the
plate endtherefore
of the bulbformanda
THE GENERAL LAYOUT OF PARTS
cannot
conducting path past
the screening grid.
The system of screening is shown in the top
A 6-volt, 0.25-ampere filament is used, and at the
Front, back, baseboards and sides of the
standard operating voltages of 120 on the plate, view.
cabinet
are copper lined and there is a partition
80 on the screening grid and minus
between
each r.f. stage. A broad lip is formed round
li on theficationcontrol
grid,
the
amplithe
upper
edge of the screen and in this is laid a
factor is 110 and the plate length of cable
covered with braided copper and
impedance
175,000
ohms.
Full cannot
advantage
of thiswhen
highthree
mu
bondedside of the
to thecabinet
metal top
at several
points.
To the plate
under-of
is secured
a copper
value
be taken
stages are in use, as instability sufficient size to complete the screening. When it
is closed this plate is pressed into firm contact
is inevitable. A step-up of 30-35 per with
the braided cable throughout its length, thus
stage is actually achieved in Model
61. Incoming signals are therefore insuring a perfect electrical joint.
The four circuits — loop and three tuned circuit
amplified
30,000 times
before this
reaching the detector.
Multiply
by — are tuned by separate condensers arranged in
pairs with edge control dials so placed as to be
a conservative 25 as being the step- easily
Screen grid
controlled with two fingers. As the circuits
up of the detector and two audio- are accurately
CONTROL GRID
matched and not too sharply tuned
and magnification
we theoreti(the selectivity of this receiver is probably insuffically obtainfrequencya tubestotal
for use in the United States — Editor) it is a
of nearly
quarters
mil- simple cientmatter
to find a station by synchronizing
lion times three
between
aerial ofanda output! With this stupendous increase at approximately the correct wavelength and
it is clearly essential not only to operating all simultaneously. The dials are calibrated in meters.
1\
adopt the most perfect screening
but also to take precautions against
There are two sets of astatic tuning coils coverFILAMENT
250-550 and 1000-2000 meters, the change-over
coupling
through intheorder
common
wir- beinging effected
by multiple switches controlled by
ing and batteries,
to obtain
THE ENGLISH SCREEN-GRID TUBE
stable operation.
the "Range Switch" on the front panel.

rHIS tionService
a descripof one ofDatathe Sheet
leadingis devoted
receiversto now
being
manufactured and sold in England. The design of
this receiver affords some interesting comparisons with
American receivers of similar design, which should
prove
interesting
tubes were
availableto many
and in ofuseourin readers.
England Screen-grid
for several
years before the advent of the type 222 tubes in
America, and the double-ended construction adapted
by our British friends has some advantages in simplifying receiver design, which are pointed out below.
'THE most interesting receiver in the British
radio field at the present moment is undoubtedly the Marconiphone Model 61. This six-tube set
has three screen-grid tubes, a C-battery type detector and two resistance-capacity-coupled audiofrequency stages. The latter are normal in construction, but the radio-frequency end of the ins
t
r
u
m
e
n
unique and gives many valuable lessonst isdecidedly
to the experimenter.
The tubes employed are of the double ended
type due to Captain Round, the famous Marconi
engineer. Their construction is shown in the photographs below. grid
It willarebemounted
seen thaton a one
"V"glass
filament
and standard
foot,
and the plate with the screen grid on a second,
the electrodes then being assembled in a glass
bulb and the tube finished off with two caps.
The anode and screening grid are flat, the latter
having a "skirt" approximately i" wide brought as

THE CIRCUIT OF THE MARCONIPHONE MODEL 6l
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Simple

Unit

for

By F. J. FOX

Measuring

Impedances

and R. F. SHEA

MR.

FOX and Mr. Shea have described
in this article a very excellent use for
vacuum tube voltmeters in the measurement ofcoils, condensers, and resistors that
are ordinarily used in the audio-frequency
and power circuits of modern radio receiving
equipment. The circuit arrangement used is
such that the unknown impedance is compared to a known resistance and at the balance point the unknown impedance is equal
to the known resistance, whence we may
easily calculate the inductance or capacity
by the formulas given in the text. The comparative simplicity of the device is commendable, and since the device may be readily constructed for use in the home laboratory we
feel that the article will appeal to our many
friends who have shown such great interest
in the descriptions of home laboratory equipment that have appeared in Radio Broadcast.
— The Editor.

IN THE design of radio equipment there are
many instances when it is desirable or necessary to know the impedance of large inductances or capacities which are used in the building of a piece of apparatus — for example, a Bpower unit. Large inductances and capacities
may, of course, be measured on a bridge (an
expensive piece of apparatus) but in many cases,
especially where the necessary standards of
inductance and capacity are not at hand, the
method to be described will be found useful,
accurate, and inexpensive.
Most methods of measuring large impedances
require the use of expensive apparatus and delicate instruments. The authors have aimed, in
the method described here, to provide a simple,
accurate and inexpensive method of measurement.
The apparatus utilizes vacuum tube voltmeters and provides a quick and accurate means
of measuring impedance. The accuracy of the
method is limited only by the precision of the
meters used and the care used in making the
instruments. With inexpensive instruments this
device will give results to three figures and therefore isaccurate enough for practical radio design
work.
HOW THE UNIT WORKS
IT IS [possible to measure high impedances by
1 the use of a vacuum tube voltmeter in a
circuit as indicated in Fig. i. With this arrangement the vacuum tube voltmeter is used to read
the voltage across the unknown impedance, and
the current through the impedance is read by
the milliammeter. The impedance is then equal
to the voltage divided by the current. From the
standpoint of simplicity this method has two
disadvantages: it is necessary that the vacuum
tube voltmeter be calibrated to read voltages,

Impedance
to be — >
measured
FIG. I

. Vacuum Tube
/ \y Voltmeter

THE COMPLETED UNIT
All the instruments used in making the measurement are housed in this box, with the
exception of the decade resistance box, which is connected in the circuit by means of
terminals behind the rear tube. The C batteries are also housed in the box.
and an a.c. milliammeter — an expensive and
delicate instrument — is necessary. To eliminate
these disadvantages the circuit shown in Fig. 2
has been devised. In this case two vacuum tube
voltmeters are used, one across a variable resistance, R, and another across the unknown impedance, Z,connected in the circuit at X. To
calibrate this set-up a known value of resistance
is first connected at X. The resistance box, R,
is then set exactly equal to the known resistance
so that the voltages across the two voltmeter
circuits will be exactly equal to each other. A.C.
voltage from the transformer, T, is then applied
and the readings of the vacuum tube voltmeters
as indicated by the meters, Mi and M2, are carefully taken.
The tubes for the set-up should preferably be
very nearly matched so that when calibrating,
the meter readings are very nearly alike for
voltages of the order of those being used. That is,
with the two equal resistances in place, the input
voltage should be varied by means of the variable
resistance in the primary of the supply transformer, T, and the meter readings noted. Tubes
should be selected which
give meter readings that
correspond very closely
over the entire range of
voltages. ibration
Fromwe know
this calthe
corresponding readings
of the two meters at any
points on their scales 27
under the condition that 9
the voltage impressed
across the input of each
vacuum tube voltmeter
is the same. The cali-

bration iscomplete and we can now use the
circuit to measure unknown impedances.
The unknown impedance to be measured is
connected at X in place of the known resistance
and the resistance of R is varied until the readings of the two meters correspond. We know
from our calibration that when the readings
correspond the voltages across the two vacuum
tube circuits are the same. It therefore follows
that under the condition that the readings of the
two meters correspond, the voltages across resistance Rand the unknown impedance are the
same. Since the current through R and through
the
unknown
follows
that impedance at X is the same it
where
[RJ= IZ
I is the current
R is the value of resistance at which the readings of the meters corresponded
Z is the value of the unknown impedance
Therefore the impedance Z is equal to the resistance R.

FIG. 2
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Thus we obtain directly a value for Z in ohms.
If then the d.c. resistance is obtained on a Wheatstone bridge the inductance is easily obtained
from well known laws. In the case of large condensers the resistance may be safely neglected.
For inductances:
Z = \/ 0)2 U + R*
orL = jE±F
\2itf
At 60 cycles L =
where

z=impedance in ohms
<i)=2H:f
=6.28 times
the frequency in c.p.s.
L = inductance
in henries
R = resistance of the coil in ohms
In the case of a condenser the following holds
true:
_~ IO6
377Z 106
At 60 cycles *~ 2lzk
Where
z = impedance in ohms
c = capacity in microfarads
THE CONSTRUCTION OF THE UNIT
\ A / E SHALL now describe this set-up, Fig. 2,
" * in resistance
greater detail.
R is amade
variable
decade
box Resistance
(such as those
by
General Radio Company). This box has steps
of units, tens, hundreds and thousands. The
tubes used in the vacuum tube voltmeter are of
the CX-301A type and should preferably be
matched to give identical readings on the calibrating set-up so as to facilitate measurements.

A go-volt B battery is used in conjunction with
13! volts of negative C bias. This bias drives
the operating point well down to the lower knee
of the plate-current-grid-voltage characteristic
of the tube so that a small applied voltage gives
a relatively large change of plate current. The
meters. Mi, and M2, are of Weston or Jewell
0-1.5 d.c. milliampere type. If the a.c. voltage
from the transformer is about 12 volts the plate
current of each tube will be about 1 milliampere
and this is a convenient value to use. The transformer Twhich furnishes the measuring voltage
should deliver about 12 to 14 volts, and a 5000ohm heavy duty Bradleyohm or similar variable
resistance is inserted in its primary.
The photograph at the beginning of this
article shows a typical layout of the testing
apparatus described above. The vacuum tubes,
meters Mi and M;, exciting transformer, T, bypass condensers and C batteries are housed in the
box. The box should be so arranged that the C
batteries may be easily replaced when necessary.
The knob of the 5000-ohm variable resistance
which is used to control the exciting voltage is
placed in a convenient position outside of the
box between the two tubes. The cable at the left
goes to the 110 volt a.c. source, and the cable
at the left to the batteries. The impedance to be
measured is connected in the circuit by means
of the two binding posts on the front. Two similar
terminals in the back are used for connecting in
the decade resistance box.
The resistance used at X for calibration should
be about 1000 ohms and unless it is a standard
Book

Experimental Electrical Engineering and
Manual for Electrical Testing. By V.
Karapetoff. Third Edition, Revised and Enlarged, in Two Volumes. Vol. I, xxxii and
795 pages, 6 by 9, 391 figures, $6.00. Vol.
11, xxxii and 618 pages, 280 figures, $5.00.
John Wiley & Sons, New York.

IN ISSUING the third edition of Karapetoff 's
famous work on " Experimental Electrical
Engineering" in a revised and reset printing
John Wiley & Sons are performing about the
same service for the electrical engineering profession at large as when they made Morecroft
available in a second edition to radio engineers.
About the book little remains to be said. The
author
has "been University
Professor ofsince
Elecfical
ing at Cornell
190^ EngineerHe is one
of the group of American electrical engineers,
like Steinmetz, Pupin, Pender, Ryan and others,

SEPTEMBER,

1928

resistance it will have to be measured carefully
on a good bridge and labeled.
If greater accuracy is required higher grade
meters than the ones described will have to be
used; however, the small meters are accurate
enough for all practical purposes.
when biasing current is present
IT HAS been pointed out that it is frequently
necessary to find the impedance or inductance
of a filter choke coil, an impedance coil, or the
primary of an audio-frequency transformer when
certain values of direct current are flowing
through the windings. Or it may be necessary
to study the effect of various values of direct
current on the inductance of a coil when the
turns are varied or the air gap changed. A circuit
which is used for this purpose is shown in Fig. 3.
In this case a network consisting of two identical
coils, L and L (under test), a milliameter, M3,
and a storage B battery is connected at X-X.
The terminals of the B battery should be accessible so that various voltages may be tapped off.
It should also be in good condition and all cells
should show the same terminal voltage. As may
be seen from the diagram the battery produces
acoils,
circulating
aroundX-Xthrough
the' two
but sincecurrent
terminals
are connected
to the midpoint of the battery and of the choke
coils no potential exists between these points.
When changing the amount of circulating current it is very important that this condition be
maintained, otherwise thegrid bias on the vacuum
tube voltmeter, M2, will be changed and a serious
error will result. In case there is any doubt it is
well to check the voltages on each side of the
midpoint with a high grade voltmeter. Another
way to check this is to take a reading of the
vacuum tube voltmeter, M2, when no a.c. is
impressed and when no biasing current is flowing
(battery cut out of circuit). Another reading is
then taken with no impressed a.c. but with
battery voltage of the desired amount in
the circuit. If the vacuum tube voltmeter
reading, M2, does not change then the battery
is not affecting the voltage balance, and the
test may proceed.
Storage B batteries will deliver up to about
150 milliamperes. If more current is desired
through the coils under test it will be necessary
to use regular storage batteries.
Impedances measured in the manner indicated in Fig. 3 will be equal to one half the impedance of a single choke coil. Multiply the
measured value by two and proceed to compute
the inductance as outlined in the equations
above.

Review

who have advanced the profession by their work
both in the universities and outside, and who
have in several cases combined notable literary
and artistic talents with engineering ability. The
two volumes of " Experimental Electrical Engineering" contain about all that the engineer wants
to know about electrical testing and the practical
behavior of electrical machinery. If he is interested in the process of getting the magnetization
curve of an iron sample by the bismuth spiral
method he will find it, in the same chapter with
the Thompson permeameter, the Du Bois
balance, the Koepsel permeameter, and the
Ewing Permeability Bridge, in the first volume.
If he happens to have gone into the talking
movie field to find, perhaps to his surprise, that
oscillograph galvanometers are used in some of
the sound-movie recorders, he can read up on the
applications and physical behavior of such devices in the second volume, where the electro-

magnetic oscillograph, its galvanometer, optical
system, recording apparatus, electrical circuits,
transient visualizer, and possible accessory
apparatus, such as vacuum tube amplifiers, are
quite completely described. The radio engineer
will find a chapter on high-frequency measurements. Everybody in the profession will find
something, and usually a lot, about what he
wants to know. The treatment is packed with
valuable references and numerical data. On
assuming a new job recently, one of the first
things I did was to order copies of both volumes.
I knew perfectly well that before long one of the
engineers would refer to it and find out in short
order somethi ng worth a great deal more to the
company than the price of the books — and the
14 1 3 pages would remain for more use of the
same kind indefinitely, unless somebody who is
not as honest as he is wise steals them for his
private library. — Carl Dreher.
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Six-Tiibe

Screen-Grid

Receiver

By McMURDO
SILVER
Silver-Marshall, Inc.

TT'HE receiver described here is one of the
■*■ new models in the line of kits to he
narketed this season by Silver-Marshall. It is
in excellent and attractive receiver and the
essentials are priced to make the eyes of the
borne constructor and professional set builder
ipen wide. The complete receiver was tested
n the Laboratory and it performed very well
ndeed "in all departments," as the sporting
vriters say. The "gain" of this set is high,
vhich is advantageous when the user wants disance. It should be remembered, however, that
10 high-gain receiver can successfully be operited where there is much man-made or other
nterference. It is simple enough in conditions
ike that to cut down the gain and to tune to
tations where signal level is above that of the
wise. Additional constructional data is availible from the manufacturers or from Radio
Broadcast.
— The Editor.

THE new Screen-Grid Six receiver is a
highly perfected development of the receiver known to readers of Radio Broad:ast for three years as the Silver Six, Shielded
>ix, and Shielded-Grid Six. The new Screen-Grid
jix takes full advantage of all meritorious feaures of its predecessors, and, like the latest of
hem, it employs three stages of high-gain r.f.
Lmplification with screen-grid tubes.
In performance, the receiver will give 10 to 15
ic. selectivity, in almost any location, and
vill bring in from forty to one hundred stations
nesults
a single
evening's
Such models
are the
thataverage
have been
had withtuning.
numerous
)uilt to the new design operated in many differ:nt locations in and about Chicago during the
:arly months of 1928. And yet it can be built
it home for less than seventy-three dollars!
As an example, the log on this page was obained in two hours' time in a typical residential
ocation
a fewAllmiles
Chicago's
twenty)dd localwithin
stations.
the ofstations
listed
were
eceived on the loud speaker with practically
'local" volume, using only a 35' antenna.
Since the Screen-Grid Six design would
;eem to represent not only a new high level
)f radio receiver performance, but also a new low
evel in cost, almost regardless of performance,
t is felt that a description of the engineering
eatures of the design, together with other points
)f interest, will not be unwelcome to Radio
Broadcast readers.
From an examination of the photographs and

-I
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FREQUENCY-KILOCYCLES
FIG. I

drawings it is seen that the Screen-Grid Six is a
six tube t.r.f. receiver consisting of a three-stage
radio-frequency amplifier using screen-grid tubes,
followed by a detector and two-stage audio
amplifier. In this respect it is not at all unusual
(though at this writing there are known no
ready-made sets incorporating the full advantages of screen-grid r.f. amplification.) If
there is anything at all unusual about the set, it
is the fact that the three r.f. tubes have been
made to average about two hundred and fifty
times the amplification obtained from this same
number of 201 a tubes in some receivers using an
r.f. choke in the input. In addition, the audio
gain is greater than that of the ordinary audio
system of the same number of stages, due to the
employment of the Clough audio system.
How this is done is easily seen by taking as
a typical example a representative ready-made
six-tube set costing about one hundred and fifty
dollars. In this common type of set the first r.f.
tube has its grid circuit connected across a small
r.f. choke directly in the antenna circuit, across
which is developed the signal voltage. This type
of coupling gives no voltage step-up between
antenna and first r.f. tube, and does not contribute inany way to selectivity. The first tube
with the t.r.f. transformer that follows it shows
an average amplification of less than 10 times
between 200 and 550 meters (this figure is quite
generous). The two additional r.f. tubes, with
two more t.r.f. transformers, each give a gain of
10 per stage. Thus, 10x10x10= 1000 shows
the amplification between antenna and detector
grid circuit.
LOG OF SCREEN-GRID SIX
Station
WNBA
KSTP
WJKS
WGES
WOK
WJAZ
WTAS
WENR
WTMJ
KMOX
WHT
KDKA
KFAB
KFQB
KOA
WSM
WLS
WEBH
WDAF
woe
WGY
WBBM
KWKH
WTAM
wcco
WGN
WQJ
WOR
WLW
WJZ
KRLD
IKFI
WCFL
1WSB
WEAF
KTHS
WOW
WFLA
KYW
WHO
KSD

Location
Forest Park, III. .
St. Paul, Minn. . . .
Gary. Ind
Chicago
Elgin, 111
Chicago
Milwaukee ....
St. Louis, Mo.
Chicago
Pittsburgh
Lincoln, Nebr.
Denver, Colo.
Ft. Worth, Texas .
Nashville, Tenn. .
Chicago
Chicago
Kansas City ....
Davenport . . .
Schenectady ....
Chicago
Shreveport,
La.
Cleveland
Minneapolis ....
Newark, N. J.....
...
Cincinnati
Chicago
New York ....
Dallas, Texas . . . .
Los Angeles ....
New York
. .
Hot Springs ....
Omaha, Nebr
Clearwater, Fla.
Chicago
Des Moines ....
St. Louis, Mo.

Kc.

Right
1
4
6
8
12
19 Dial'
18.5
23
28.5
24
31.5
26
32.5
34.5
42
47
36
47.5
37
50
51
55
57
65
54
59.5
62
63.5
71
73
75
77
82
84.5
86.5
79
95
89
92
100
98

1 140
1360
1290
1240
1190
1140
1090
1040
1020
10IH)
980
940
920
950
890
900
820
870
810
790
800
770
760
750
740
720
700
710
660
670
640
650
620
630
610

For the Screen-Grid Six a tuned antenna input
circuit was designed having the very best possible characteristics which could be attained in
practice. This circuit consisted in its final form
of a very low resistance coil consisting of 89 turns
of No. 20 enameled wire upon a threaded bakelite form 3j" long and 2§" in diameter. A tap on
this coil about 40 turns from the filament end is
used when the set is to operate with a small
antenna; when a long antenna is used or greater
selectivity is required the antenna is connected
to this tap through a 75-mmfd. midget condenser.
Any student familiar with average coil resistance
will realize that the values of 3.3 ohms at 550
meters and 11.5 ohms at 200 meters obtained
with the coil, tuned by a 0.00035-mfd. condenser,
represent an unusually good circuit (the coil
itself has a "figure of merit" practically double
that of the best coils on the open market). This
input coil, Li in Fig. 7, is tuned by a single condenser, Ci, actuated by the left-hand drum, Di.
In a test made to determine the characteristics of the antenna circuit, a representative
antenna of 400 mmfd. capacity, 25 ohms resistance and 28 microhenries inductance was coupled
to the input coil first through a small primary
coil of 20 turns, and then through a large primary
of 35 turns in series with a 75-mmfd. midget condenser, which was employed to regulate selectivity. Curve A of Fig. 1 shows that the voltage
step-up provided by this tuned antenna input circuit varies from 64 at 200 meters (1500 kc.) to 28
at the middle of the broadcast band and rises to
100 at 550 meters (545 kc.)! And 545 kc. is the
point at which the greatest step-up is always
needed, for the amplification of any practical
r.f. amplifier always falls off at long waves, as
will be shown. The shape of this curve is not
wholly ideal, but there is certainly no comparison
between the voltage amplification that can be
had from this circuit, with its one additional
tuning dial, as compared to curve B of Fig 1.
(Curve B represents the voltage amplification of
a good untuned antenna coupling choke, and is
hardly distinguishable from the base line of the
curve of Fig. 1.) The dip in the center of curve A
shifts with different size antennas and may further be shifted by adjustments of the midget
antenna coupling condenser, C5, so that it is
seldom necessary to operate the receiver with as
low a voltage step-up in the antenna coupler as is
shown by the lower bend of curve A.
THE R.F. AMPLIFIER
TP HE antenna input circuit is followed by
* three identical tuned circuits, each housed in
individual copper shielding cans, SHi, SH2, SH3.
These circuits employ small plug-in inductances,
L2, L3, L4, the secondaries of which consist of
985 turns of No. 29 enameled wire wound upon a
threaded moulded bakelite form i\" in diameter

600
590
580
570
550
560

* Reading of left dial is not given, since it varies a few
degrees
for different antenna hngths. Both dials "track"
very closely.
28l
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and 15" long. The primaries of the r.f. transformers consist of 50 turns of No. 38 enamelled
wire on a piece of 1 \" diameter tubing slipped inside of the secondary form. Two of these tuned
circuits feed the two remaining screen-grid
amplifier tubes, S5 and S6, while the third circuit
feeds the detector tube, S9. The actual measured
voltage amplification of one individual stage is
shown in curve C, Fig. 1 , and is seen to vary from
14 per stage at 550 meters (545 kc.) to 25 at
200 meters (1500 kc). While this amplification
may seem very low for a screen-grid r.f. amplifier
stage, it must be borne in mind that the high
amplification factor of screen-grid tubes has no
direct bearing upon the actual amplification that
may be obtained from them in practice; that the
maximum voltage gain which can be had from
these tubes in the broadcast band with practical
circuits will vary between 30 and 65 per stage,
but that in order to obtain such amplification
selectivity must be thrown to the winds. In the
Screen-Grid Six, this has purposely not been done
and the effective amplification of the three
shielded r.f. amplifier stages has been purposely
held at a low value in order that maximum possible selectivity could be obtained in these circuits. The overall voltage amplification of the
three screen-grid stages, neglecting the antenna coupler, is shown by curve D of Fig. 2,
and will be seen to vary from 2500 times at 550
meters to 15,500 times at 200 meters (curve D
is simply the cube of curve C of Fig. 1).
An important thing to note at this point is the
relative selectivity of the three-stage r.f. amplifier unaided by the antenna circuit (which contributes a very high degree of selectivity in itself). The selectivity curves in Fig. 2 do not
show that the receiver is, like all t.r.f. sets, in8 WIRE CABLE

H
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herently non-selective at the lower frequencies.
In curve H, Fig. 3, is shown the calculated r.f.
amplification from antenna to detector grid for
the Screen-Grid Six. (This amplification was
calculated because of the practically impossible
task of measuring the overall gain of such a
sensitive receiver.) The curve is based upon the
actual measured amplification for individual
amplifier stages, and corresponds to curve D
multiplied by curve A. Inasmuch as regeneration
is not seriously present on the longer wavelengths
(low frequencies) there is every reason to believe
that the curve represents the actual performance
of the receiver above 300 meters (1000 kc). The
rapid rise in amplification of the calculated curve
below 300 meters is offset by the fact that on
these lower waves there is a tendency for the
receiver to oscillate, which is in turn offset by
reducing the potential on the screen grids of the
r.f. amplifier tubes by adjusting the potentiometer, Rj. The effect of this reduction is to increase the plate impedance of the r.f. tubes,
which, in turn, decreases the effective amplification and increases the effective selectivity.
The net result is a flattening off of the overall
amplification curve much as shown by the dotted
lines of Curve I, Fig 3, (curve I represents the
actual performance of the receiver). It is seen to
be quite flat, though the individual curves composing itwere anything but flat to start with.
Before passing on from the r.f. amplifier, it is
well to mention that every precaution has been
taken to render the performance of this portion
of the receiver as stable and dependable as
possible. This can easily be realized from an
examination, of the illustrations and diagrams,
which reveal individual copper stage shielding
for the tuned r.f. amplifier circuits, individual
bypassing of all B-supply leads by condensers
directly in the stage shields, and the isolation of
all r.f. currents from any common paths which
might cause coupling and instability. The antenna input circuit is thoroughly shielded from
the three remaining r. f. circuits, and when the
receiver cabinet is in place, it is thoroughly
shielded from extraneous interference. In order
to allow for compensation of varying antenna
characteristics, the option of two methods of
antenna coupling is provided. One method
employs a variable selectivity control in the form
of a 75-mmfd. antenna series condenser, C5. In

BP 2
BP1 / BP3
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T^HE transformers employed in the a.f.
amplifier, Ti and T2, will be seen to consist
of auto-transformers, resonating condensers, and
plate resistors, all sealed in individual cans.
These transformers have an effective transformation ratio of about 4.3 for Ti, and 3.5 for T2,
and through a unique phenomena of resonance
obtained from proper proportioning of the
auto-transformer windings, the condenser and
the resistance, together with the plate resistance
of the tubes used, a rising low-frequency characteristic isobtained which provides a hump
in the amplification curve just below 100 cycles.
(Fig. 4) A description of the audio amplifier
system will be found in an article by Kendall
Clough in the July issue of Radio Broadcast
effective voltage amplification of trans(pp.The133-4)
formers Ti and T2 with a CX-301A or CX-112A
first stage tube and cx-i 12A or
cx-310 output tube would be approximately 960, a value much
higher than is obtained from an
ordinary transformer amplifier emtransformers
would giveployinga3:1voltage
gain ofwhich
only

CI2

C'5
FIG. 5. ARRANGEMENT

C2

C3

OF PARTS ABOVE SUB-PANEL

5000 10.000

the other method the condenser is omitted, and the
antenna taps the primary coil, Li, directly. The
single tuning condenser, Q, tunes the antenna
circuit, and the triple gang condenser, C2, C3, and
C4, tunes the three remaining r.f. circuits housed
in shields SHi, SH2, SH3. Three compensators
on the condenser frame allow compensation,
once the set is assembled, for variations
in tube and circuit capacities. Oscillation
over the lower portion of the broadcast band,
and volume over the entire band, is controlled
by the potentiometer, Rlf which varies the
potential on the screen grids of the r.f. amplifier
tubes, S4, S5, S6. The detector, S9, presents no
unusual features, being the conventional gridcondenser, C13, and leak, R7, type with negative
filament return, since this was found to give best
results in the Screen-Grid Six.
THE AUDIO CHANNEL
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575 times as well as a bad fall-off
in low-frequency amplification.
(For the benefit of the dyed-inthe-wool fan who may think to
improve ordinary transformers by
either choke or resistance parallel
feed, let it be stated that this cannot be done by rule of thumb
methods — the Clough system has
to be carefully proportioned mathematical y toattain the results
shown
Fig. 4.)
The in
photographs,
drawings,• ' and
parts list are clearly marked and
keyed and require practically no
explanation. Mechanically, the receiver consists of a pierced metal
chassis 2iTV long, a} |" wide, and
I" deep. On top of the chassis are
fastened, at the left end, the antenna coil, Li, the antenna tuning
condenser, Q, as well as antenna
and ground binding posts BPi, BP2,
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BP3, and the hole for the battery cable. To
the center rear of the chassis is the audio amplifier consisting of two transformers, T, and T2,
and two tubes, S7 and Ss, with space left either
for two large type transformers, or an output
transformer in addition to the small types
specified. To the right front is the three gang
die-cast condenser, Q, Q, and C4, tuning the
three shielded r.f. circuits housed in the copper
shields, SHi, SH2, SH3, just behind this condenser. The two condenser assemblies are tuned
by the drum dials, Di, and D2, visible through
the windows of the front control escutcheon.
Below the vernier knobs of the dials are, to the
right, the volume control potentiometer, Ri,
to which is attached the on-off switch, S\V, and
to the left is the selectivity condenser, C5, in
series with the antenna. The positions and uses
of the various bypass condensers and resistors
are evident from a study of Fig. 7. Just
behind one of the copper stage shields is located
a rheostat, R6, used to compensate variations in
A-battery voltage. It is intended to be adjusted
by a screw-driver.
The receiver requires for operation three cx322 tubes, one CX-301A (or preferably cx-H2a)
detector tube and one CX-301A (or preferably
cx-i I2-a) first a.f. amplifier tube. Any power
output tube such as cx-ii2a, CX-371A, cx-310,
or cx-350 may be used, provided suitable A and
B supply is available. In the circuit shown, a
CX-112A or CX-371.A output tube may be used
at will, though with the latter the addition of an
output transformer is desirable to protect speaker
windings. Either batteries or standard light
socket power units may be used to operate the
receiver. The plate current consumption is
about 30 mA with 1 12A output tube, or 40 mA
with 371 output tube. Hence a B-power device
should prove more economical for operating the
receiver, especially if a 371 tube is used.
Some may want to operate the set from the
light socket through the use of a.c. tubes. In
such cases heater type a.c. screen-grid tubes should
be used in the r.f. stages and ordinary three electrode heater type 227 tubes in the detector and
first audio stages. The output tube may be any
type, with its filament operated from a.c. Complete circuit diagrams for a.c. operation can be
obtained though Radio Broadcast or directly
from the manufacturer. For a.c. operation some
changes in the circuit and parts required for the
construction of the receiver will be necessary.

Note: Condenser C5, which is unlet ered inthe above diagram, appears toright oj binding post BPt.

SCREEN-GRID

RECEIVER

FIG. 6. UNDER THE SUB-PANEL
LIST OF PARTS
THE complete kit for this receiver may be ob■*• tained from Silver-Marshall, Inc., including a
drilled chassis and all the necessary hardware.
The special parts used in the circuit are the
antenna coil, Li, the r.f. transformers, L2, L3,
and L4, and the audio transformers, Ti and T2.
The specifications of the antenna and r.f. coils
are given in the article, and may be made at
home. It is not advisable to substitute for the
audio transformers, since the advantages of the
Clough system of audio amplification, as described in the article, will be lost. The remainder of the parts in the list below are of
standard design, and other parts electrically
and mechanically equivalent may be substituted.
B — 1 S-.M Universal pierced base chassis, No. 701
E — 1 S-M dual control escutcheon, No. 809
Di — 1 S-M vernier drum dial (left). No. 806L
D2 — 1 S-M vernier drum dial (right), No. 806R
Ci — 1 S-M 0.00035-rhfd. Universal condenser,
No. 320R
Q, C3,ser,CiNo.—3231 S-M 0.00035-mfd. 3-gang condenQ, — 1 S-M 0.000075-mfd. midget condenser,
No. 342 B

Ri — 1 Yaxley 3,000-ohm midget potentiometer,
S\Vtype
— 1 53000
Yaxley switch attachment, type 500
Ji, J2,— 2 Yaxley insulated tip jacks, type 420
Ri,RU10
R>, R3 — 3 Carter lo-ohm resistors type
R5 — 1 Carter ii-ohm resistor, type Hii
Re — I Carter 6-ohm sub-base rheostat, type A6
C6 — 1 Potter i-mfd. bypass condenser, No. 104
C7,condensers
C8, C9, C10, Cu, Ci2— -6 !-mfd. midget bypass
C13 — I 0.00015-mfd. grid condenser with clips
Cu — 1 0.0002-mfd. bypass condenser
R-,— 1 2-megohm grid leak
Rs No.
— 1 638
Durham 0.15-megohm resistor with leads
SHi, SH2, SH3 — 3 S-M copper stage shields,
Li — 1 S-M. antenna coil, No. 140
L2,No.L3,132A
Li — 3 S-M plug-in r.f. transformers,
Si, S>, S3, — 3 S-M 5-prong tube sockets, No. 512
S4, S3, S6, ST, Ss— 5 S-M tube sockets. No. 5 1 1
Sg— 1 Naald cushioned tube socket, type 481 XS
Ti — 1 S-M first stage a.f. transformer, No. 255
T2 —2561 S-M second stage a.f. transformer, No.
BPi, BP2, BP3 — 3 Moulded binding posts consisting of 3S2 screw, nut, and moulded top.
1 S-M 708 8-Iead, 5-foot connection cable
1 — shall)
S-M 818 hook-up wire (25 ft. to carton)
1 Set hardware (obtainable from Silver-Mar-

0

FIG. 7. THE CIRCUIT DIAGRAM
This circuit uses a combined on-off switch and volume control, and
when using dry B batteries, about 12 mA, flows with the switch off.
Hence it is necessary with B-battery operation to place a single-pole
switch in the negative B lead.
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New

T) RODUCTS of radio manufacturers whether
-L new or old are always interesting to our
readers. These pages, a feature of Radio Broadcast,
explain and illustrate products which have been
selected for publication because of their special
interest to our readers. This information is prepared bythe Technical Staff and is in a form which
we believe will be most useful. We have, wherever
possible, suggested special uses for the device mentioned. It is of course not possible to^include all
the information about each device which is available. Each description bears a serial number
and if you desire additional information direct
from the manufacturer concerned, please address a
letter to the Service Department, Radio Broadcast, Garden City, New York, referring to the
serial numbers of the devices which interest you,
and we shall see that your request is promptly
handled — -The Editor.

Power Apparatus for the 250 Type
Tube
Device: Power Supply Apparatus for use with
the type 250 tube. In constructing a power
unit to use the type 250 tube it is essential that
apparatus be used that will be capable of supplying to the tube sufficient current and voltage.
There is given below a resume of power apparatus, old and new, made by several manufacturers
which may be used satisfactorily to operate a
power amplifier using a type 250 tube.
Amertran Power Transformer, Type PF
250. Price: $30.00. Gives a d.c. output of 400 to
450 volts, 200 mA., with two type 281 rectifying
tubes, full-wave; either one or two power tubes,
type 250, single or push-pull, can be used. Filter
Choke Coil, type 709. Price: $6.00 each. Inductance: 50henries at 120 milliamperes.
Dongan Power Transformer, Type 7568.
Price: $13.00. Designed for full-wave rectification using two type 281 rectifiers. Double
Filter Choke Coil, type 5554. Price: $1 1.00.
National Power Transformer, type R.
Price: $14.50. Designed for full-wave rectification using type 281 rectifiers. Filter Choke
Coil, type 80. Price: $10.00.
Samson Power Transformer, type 162. Price:
$18.00. Designed for half-wave rectification using
type 281 rectifier. Filter Choke Coil, type
312, 30 henries, 120 mA. Price: $12.00.
Silver-Marshall Power Transformer, type
328. Price: $18.00. Designed for full-wave

FIG. I
One use of the Duplex Clarostat is, as shown in
this diagram, to control the plate voltage applied to
either tube of a two stage radio frequency amplifier

Apparatus

THE DUPLEX CLAROSTAT
rectification using type 281 rectifiers. Type
327 {Price: $12.00) may be used in half-wave
circuits. Filter Choke Coil, type 331. 27
henries, 120 mA. Price: $8.00.
Thordarson Power Transformer, type T
2900. Price: $20.00. For full-wave circuit using
two type 281 tubes. Double Filter Choke
Coil, type T-20-99. Price: $14.00.
Application: The above apparatus is for use in
constructing power amplifiers using the type 250
tube. The General Radio Company also manufacture apparatus for this purpose and their
units were described in this section in the
June issue. Further information including circuitX53
diagrams, can be obtained from the above
manufacturers through Radio Broadcast.
A Dual Resistance with Many Uses
Device: Duplex Clarostat Resistance. A
novel form of resistance consisting essentially of
two Clarostat resistances in a single metal case.
Each section can be independently adjusted to
any value of resistance within the range of the
Clarostat, which is from a low resistance to a
high resistance of about five million ohms. Resistance isvaried by tuning a slotted screw with
an ordinary screw driver. May be mounted on
panel, sub-panel or baseboard. Furnished with
mounting bracket. Manufacturer: Clarostat
Manufacturing Company. Price: $2.25.
Application: The instruction sheet supplied with
each Duplex Clarostat points out many uses for
the device. These include its use in resistancecoupled amplifiers, in push-pull amplifiers, as a
plate voltage control, as a center-tap resistance,
etc. In Fig. 1 and 3, which illustrate two of
these uses,
the Duplex Clarostats have been enXcl5osed4in dotted
lines.
Aluminum

Shields

Device: Aluminum Box Shields. Designed for
use in constructing shielded receivers. Two sizes
are available; the Junior size measuring 45 x \\ x 5
inches high and the large size measuring 5x9x6
inches high. The Junior shield has room for a coil
and a tube; this shield is for use with a metal
sub-panel and is not supplied with a bottom
the large shield can be used to house the
coil, tube, and tuning condenser. The shields
are made of 0.08- inch thick aluminum, and they
consist of four sides, top, bottom, and two slotted
corner posts into which the sides are fitted.
Manufacturer: Aluminum Company of America.
Price: $8.00 for set of four Junior shields, $3.50
each for large shields.
Application: Shielding is of importance to radio
amateurs who wish to improve their present
outfits or who have decided
284 to incorporate shielding in new equipment of their own design.
Reviewing the circuits generally used, a singletube receiver with regenerative detector usually
is not improved by shielding, unless it happens

to be located very close to a broadcasting station.
In this case the entire detector circuit, including
the coil, the tube socket, and the tuning condenser, may be mounted advantageously inside
a standard aluminum box shield.
In a receiver employing one stage of radiofrequency amplification and a regenerative detector, the detector circuit may be shielded completely. Ifthis is done there is little additional
advantage in shielding the radio-frequency stage.
A circuit using two stages of radio-frequency
amplification may be improved slightly by using
shields of the partition type. Where selectivity
and stabilization are especially necessary, the
coils, tube sockets, and condensers may be
mounted in shields. The apparatus of one stage
only should be placed inside a single box, separate boxes being used for additional stages. An
alternative is to place the coils and tube sockets
of each stage in Junior Shields with the tuning
condensers outside of the shields.
For circuits employing three stages of radiofrequency amplification, it is recommended that
each stage, including the condensers, be housed
in a standard box shield, or the Junior size
shields may be used for covering the coils and
tube sockets only.
For super-heterodyne circuits, in which the
maximum of selectivity is desired, it is advisable
to shield the entire first detector circuit in a boxtype shield and the entire oscillator circuit in a
similar unit.

Bat. [$~Q

X55
FIG. 2

Automatic Control for A
Power

and B

Device: Multiple Type 445 Automatic Power
Control. Designed especially for use with radio
receivers drawing a filament current of less than
about 0.36 amperes (corresponding to the current
required for six 199 type tubes). The Yaxley
type 444 control should be used if the receiver
has a total current drain of more than 0.36
amperes. This type 445 control automatically
turns off the trickle charger and turns on the
B-power unit when the filament switch on the

FIG. 3

A second use for the double resistance described
above in X^j lies in controlling the plate voltage
to two tubes in a two or three stage audio amplifier.
Another Duplex Clarostat may be used to control
the grid leak resistance of the two tubes
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SPEAKER, TYPE D-80

receiver is turned on. When the set is turned off,
the power control turns off the B-power unit and
turns on the trickle charger. The connection of
this control to a radio receiver is shown in Fig.
2. Manufacturer: Yaxley Manufacturing Company. Price: $6.00.
Application: As mentioned above, the power
control is designed especially for use with radio
receivers using six 199 type tubes or less. By its
use the charging of the battery is automatically
taken care of while the radio receiver is not in use
and there is no possibility that the B-power unit
will be left turned on while the set is not in use.
Dynamic

Speakers for A.C. and
D.C. Operation

X56
Device: Magnavox Dynamic Loud Speakers.
The following types are available:
Type R-4. The field winding of this model requires 0.65 ampere at 6 volts. This energy may be
supplied from a storage battery or any other
source of 6 volts d.c.
Type D-8. This model requires 6 to 12 volts d.c.
for field excitation. The field current at 6 volts
is 1.1 amperes and at 12 volts 2.2 amperes.
Type D-80. The field circuit of this model is
supplied through a
transformer and rectifier
from the 1 10-volt a.c.
light socket. The hum
due to the use of rectified a.c. is prevented by
means of a neutralizing
coil as explained below.
All of the above
models are identical in
practically every way
with the exception of
changes associated with
the particular method
Cross-section of Cabinet''
of field excitation which
FIG. 4
is used. In the case of
the type 80 unit utilizing
rectified a.c. for field excitation, an additional
coil is wound on the moving element and the
current through this extra coil neutralizes the
effect of the pulsating current in the field winding. The resultant effect upon the cone is zero
and therefore no hum is produced.
All of the models include an output transformer designed to adapt the impedance of the
moving coil to that of the power tube. If it is
desired to use one of these loud speakers in special
circuits such as push-pull or a parallel arrangement of power tubes, special transformers are
required. These transformers can be obtained
from any of the well known manufacturers of
audio frequency apparatus.
It is essential that a baffle be used with these
loud speakers. Two waves are generated by the

NEW

APPARATUS

movement of a free edge cone, into which class
fall speakers of this type. When the cone moves
forward it compresses the air in front of it and
at the same time decompresses or rarifies the air
at the back of the cone and unless a partition is
erected to keep these two effects separate they
will tend to neutralize each other and lower the
efficiency of the speaker. The baffle is especially
necessary to obtain satisfactory reproduction
of the low frequencies, for at high frequencies the
cone itself acts as an effective baffle. The baffle
may take the form of a cabinet or of a large flat
surface. In either case the baffle itself should be
so constructed that it will not readily vibrate.
Otherwise it will produce exaggerated response
at those frequencies at which the baffle resonates.
In the Laboratory a large flat piece of wood
measuring about four feet by four feet, and an
inch thick, is used with excellent results. If a
cabinet is used for the baffle the distance from
the center of the front of the cone around the
edge of the cabinet to the rear of the cone should
be at least two feet. This distance is indicated
in Fig. 4. The baffle should be left open at the
back and in order to prevent undesirable resonance in the cabinet itself, it may be necessary that
a few small holes be placed in the side and bottom.
Manufacturer: The Magnavox Company. Prices:
Type
$35.00; type 8, $35.00; type 80, $50.00
withoutR-4,cabinet.
Application: Present day dynamic speakers represent one of the most important developments
in radio. Theoretically the dynamic speaker is
capable of giving practically uniform response
over the entire range of audio frequencies, and
such uniform response is realized to a considerable extent in practice under good operating
conditions. A dynamic speaker is now used in the
Laboratory as a standard of comparison for it is
capable of giving much better quality than other
types of loud speakers available at present.
Many will prefer to purchase only the unit and
install it in a baffle consisting of a large flat board
about X57
one inch thick and preferably three or
more feet square.
For Push-Pull Amplification
Device: Push-Pull Audio Transformer, Type
H. These transformers are for use with either
171 or 210 type tubes
in push-pull amplifiers.
The turns ratio of the input transformer is 1.75
to 1 ; the turns ratio of
the output transformer
is 1 to 1 . Manufacturer:
Dongan Electric
facturing ManuCompany.
Price: $4.50 for the input
transformer; $4.50 for
the output transformer.
Application: The circuit
diagram of a single stage
push-pull amplifier using these transformers is
given in Fig. 5. The
DONGAN PUSHtubes may be either
PULL
TRANS1 7 1 's or 2 1 o's. The resisFORMER
tance, R, supplies C
bias to the tubes; for
210's
value be
should
750 ohms, for 171's its
value itsshould
1000beohms.
Fixed Resistances
X58
Device: Davohm, and Super-Davohm WireWound Fixed Resistances. Davohm resistances
are made in the following sizes; 7.5 watts (500
to 15,000 ohms), 1 5 watts (500 to 15 000 ohms),

Output

Input

FIG. 5

1 watt (100 to 5000 ohms), 2 watts (100 to 7500
ohms). Super-Davohms have a rating of 1 watt
and are available in sizes ranging from 10,000
ohms to 5 megohms. Manufactured by the
Daven Radio Corporation. Prices, vary with
rating of resistor.
Application: May be used in any device where
there is need for a good resistance. The Davohm
resistances are excellent for use in all types of
X59 Super-Davohms are useful as
power units.
laboratory standards, multipliers for voltmeters,
plate resistances in a. f. amplifiers, grid suppressors in r. f amplifiers, etc.
A.C. Power Amplifier for Many
Loud Speakers
Device: Distributing Power Amplifier for apartment house use. The amplifier illustrated consists of eight 210 push-pull stages each operating
ten loud speakers, with approximately 500 milliwatts per outlet. The eight amplifiers with their
input panel are powered by three rectifier panels
employing 28 1 type tubes, each of which delivers
approximately 132 mils, at 450 volts, each
rectifier operating three amplifiers. The complete
installation is light-socket operated, and comes
in a varying number of racks to take care of
varying numbers of outlets. These racks need
merely be interconnected by the plugs provided,
the output of the radio receiver connected to the
amplifier, and the power plug inserted in an a. c.
light socket, and the installation is ready for
operation. Manufactured by Silver-Marshall,
Inc. Price: $300.00, approximately, for an
amplifier suited to the operation of from four to
ten loud speakers.
Application: This amplifier rack represents a
development in equipment suited to public address or apartment house installation and the
accompanying photograph shows a typical distributing amplifier — a good subject for a conversation with your landlord.

SILVER-MARSHALL DISTRIBUTING
AMPLIFIER

A

Non-Radiating

RADIO BROADCAST has described
in past months a number of interesting
short-wave receiver units of various designs.
The unit described here, a product of the National Company, contains no audio system —
which makes it applicable to any audio system
whether a part of a standard receiver or not.
The set is non-radiating, and due to the isolation ofthe radio-frequency stage from the detector circuits, the tuning points as noted on
the dial do not vary with antennas of varying
lengths. The antenna circuit is choke-coupled
to the screen-grid tube. A "picture diagram"
of the set and most of the constructional data
have not been included in this article because a
blueprint of the hook-up and layout and constructional data are available through Radio
Broadcast or direct from the National Company. — The Editor.

N

(

rOW that short-wave broadcasting has
passed through its early experimental
stages and reached the state where
reliable reception of good quality programs is
readily obtained by means of easily constructed
and inexpensive receivers, a great many readers
who in the past have confined their efforts to
the construction of radio receivers for use on the
regular broadcast band, desire to build a good
short-wave receiver.
Aside from the mere fun of building a "different" type of radio set, there is that thrill of
receiving understandable programs from distant
and foreign stations. With a short-wave receiver,
distance takes on an entirely new meaning.
It is not uncommon to receive broadcasting
from ane at Java, 3L0 at Melbourne, Australia,
5SW at London, pcjj in Holland, and many
others; and static and fading are frequently
entirely absent when reception on the regular
broadcast band is exceedingly poor.
THE DESIGN OF THE RECEIVER
HE National Screen-Grid Short-Wave reT
ceiver comprises several interesting features.
One is the single tuning control. Another is the foundation
unit design which permits an
efficient layout of parts, with
but a few connections to be
made by the assembler. As a
result of the 222 type tube in
the first stage, the sensitivity
of the receiver in general is
materially better than that of
the plain regenerative detector
type formerly so much in use.
Furthermore, the use of the 222
tube ahead of the essential regenerative detector prevents
radiation — a problem which
would soon become quite serious if all the short-wave receivers were of the radiating
variety. Still another important
advantage secured by the use of
the 222 tube as in this receiver
is the elimination of tuning
"holes," or dead spots commonly encountered with plain
regenerative receivers. Although heretofore rather carefully placed shielding has been

Short- Wave

Tuner

SYMMETRY AND SIMPLICITY IN THE FRONT PANEL
considered essential to a receiver using the 222
tube, the use of the untuned antenna circuit
employed in this screen-grid short-wave receiver
makes shielding unnecessary. The elimination of
the shielding not only reduces the cost of parts
and simplifies the work of construction, but also
makes it a simple matter to change coils when
going from one band to another. To cover the
band of from 15 to 115 meters (20 to 2.65
megacycles) four interchangeable transformers
are used. These transformers differ in a number
of respects from the conventional "short-wave
coils" with which everyone is familiar.
In the past it has been the general practice to
employ coils of fairly large diameter — usually
about 3 inches or so. As a result, all but perhaps
the 100-meter coil would have a diameter much
greater than its length. It is a well known fact
that the most efficient coil is one having what is
known words
technically
as "unity
form factor,"
other
a length
of winding
equal toorthein
diameter. By using a coil diameter smaller than
customary and at the same time varying the
spacing between turns and size of wire, a coil of
high efficiency for each band has been developed.

FIG.

I. UNDERNEATH
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In addition, in order to secure a high mutual
inductance between the primary and secondary
of the r.f. transformer without unnecessarily
high capacity coupling, the primary or plate coil
is wound of very fine wire located between the
turns of the secondary or grid coil. The tickler
winding in each instance is located in a slot at
the low potential end of the transformer.
One of the most essential and most neglected
features of a good short-wave inductance is
rigidity. Without rigidity any slight vibration or
jar in the room where the receiver is being
operated will result in unsteady signals. Also,
such coils will not stand up under continual
handling, with the result that stations are seldom
received from time to time at the same dial setting. Inthe case of these coils, such difficulties are
entirely overcome by winding the transformers
on threaded micarta tubing, and soldering the
ends of each coil directly to the special one-piece
contacts located around the bottom of the tube.
While some readers may think that, the use
of such a micarta tube would increase the losses
in the coils by a noticeable amount, such has been
found not to be the case, as the dielectric is located in the weakest part of the
magnetic field of the coil.
Another interesting feature is;
the
specialThis
tuning
condenseremployed.
condenser,,
while resembling in general appearance the standard National
Girder Frame condenser, is one
designed especially for use in
short-wave receivers. In the
first place, it has a straight frequency line characteristic, so as
to make tuning equally easy at
both ends of the dial. A further
arrangement for facilitating
tuning is the 270 degree rotation, which spreads the stations
over
per cent,
dial'
range 50than
if thegreater
standard
180-degree rotation had beenemployed. The double plate
spacing that will be noted from
the illustrations, is employed to
"smooth out" any slight irregularities in the characteristic
curve of the condenser, which,
while not ordinarily detectable
at broadcast frequencies withi
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standard condensers, is quite noticeable at the
short wavelengths.
A final innovation in the condenser design, is a
constant impedance pig-tail which eliminates
variations in dial settings due to pig-tail inductance variations when the old style of "clock
spring" contact is used.
The r.f. choke coil, Gi in Fig. 2, used in the
detector plate lead, is of the multi-section slotwound variety having very low distributed
capacity over a wide band of frequencies. The
other r.f. choke, or grid circuit impedance, G>, is
one especially designed for the purpose and has
an inductance of approximately 2 millihenries.
Perhaps it would be well to caution at this
time against the use of the wrong size filament
resistor, Rj, for the ux-222 tube. This resistor
should be of the 15-ohm size and not 22 ohms.
Due to the type number of the tube, ux-222, and
the practice of some resistor manufacturers of
marking their 22-ohm units as type 22, many
experimenters have assumed that a "type 22"
resistor is the proper one to use with a ux-222
tube under any conditions.
COIL DATA
THE four coils used in this set have wavelength ranges as follows:
Type A — 15.5 to 26.5 meters. Secondary, 4
turns of No. 14 enameled wire; tickler, 2 turns
of No. 30 d.s.c. wire; primary, 3 turns of No. 28
enameled wire.
Type B — 23.5 to 41 meters. Secondary, 7
turns of No. 14 enameled wire; tickler, 2 turns
of No. 30 d.s.c. wire; primary, 6 turns of No. 28
enameled wire.
Typeof CNo.
— 37.5
to 65 meters.
Secondary^
turns
14 enameled
wire; tickler,
3 turns14
No. 30 d.s.c. wire; primary, 14 turns No. 28
enameled wire.
Type D — 64 to 115 meters. Secondary, 25
turns of No. 18 enameled wire; tickler, 4 turns
No. 30 d.s.c. wire; primary, 25 turns No. 28
enameled wire.
All of the coils are wound on 2 inch tubing. The
secondaries of the first three types are spaced 8
turns to the inch; the secondary of D coil is
spaced 14 turns to the inch. The tickler is wound
in a slot f" below the filament end of the secondary and the primary is wound in
the spaces between the secondary
turns.
CONSTRUCTIONAL NOTES
BY CAREFULLY studying the
illustrations, one will readily see
how to mount all of the parts on the
foundation unit. All holes are drilled
and the work is very easy. As soon
as the assembly is completed the
wiring may be done. If the wiring
diagram is carefully followed it is
quite simple for anyone to obtain a
very neat job. Needless to say, all
connections should be carefully
soldered. The two moulded mica
condensers located under the subpanel, are fastened in place by soldering their terminals directly to the
socket and coil clips between which
they are connected.
In order to make contact to the
cap or control grid of the 222 tube,
use a short length of small,
OUTPUTS
flexible, rubber-covered wire,
or very fine single silkcovered wire, running in a piece
of small spaghetti and ending
in a fuse clip or similar homemade clip, to snap on at the
top of the cap.
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Note: In the above diagram the lower lead
from choke G2 should conned with the left
filament lead of the 222 tube.

B -A +A
+135 +45
+ 67
FIG. 2. THE CIRCUIT DIAGRAM

AUDIO AMPLIFIERS
FOR headphone reception, it is recommended
that a single stage of transformer-coupled
audio amplification be added to the output of the
receiver as just described. While such an additional amplifier is not at all necessary, it will be
found of considerable aid in receiving distant
and weak signals.
When loud speaker operation from such shortwave broadcasting stations as kdka, wabc, etc.,
is desired, then the use is recommended of a
high grade two-stage transformer-coupled audio
amplifier
variety. of either the straight or push-pull
LIST OF PARTS
^|"HE
complete
within the
* foundation
unit,parts,
may together
be obtained
kit
form. However, all the parts, with the exception
of the coils, are of standard des gn, and other
equivalent parts may be substituted. The coil
data is given in the text.
A — 4 National short-wave transformer coils
covering the range of 15 to 115 meters
E — 1 National dial, type E, with type 28 illuminator

A-

A+

A

B+135

FIG. 3. ABOVE THE SUB-PANEL

B+67

F — 1 National condenser, short-wave type, 125
mmfd.
Gi — 1 National r.f. choke, No. 90
G2 — 1 National, h.f. impedance, No. 10
Mi — 1 Aerovox molded mica condenser, 0.001
mfd.
M2 — 1 Aerovox molded mica condenser, 0.00025
mfd.
M3, M4 — 2 Aerovox bypass condensers, 0.5 mfd.
M5 — 1 Aerovox bypass condenser, 1.0 mfd.
Ri — 1 Electrad Royalty resistor, type L, 0-500,000 ohms
R2 — 1 Filament resistor, 2 ohms
R3 — 1 Filament resistor, 15 ohms
R4 — 1 grid leak, 6 megohms
S — 1 Yaxley filament switch
8 Eby binding posts
1 Foundation Unit, including Westinghouse
Micarta panels, sockets, gridleak and r.f. choke
mounts, completely drilled, ready to assemble
ux-222 and UX-201A tubes
OPERATION OF THE RECEIVER
AT THIS time, the writer feels that socket■<"»• power units are not suitable for use with a
short-wave receiver. It is necessary for satisfactory results, therefore, to employ 135 volts
of dry or storage B battery, in addition to the
usual 6-volt storage A battery. If an audio amplifier of some kind is not to be employed, then a pair of phones should
be connected to the "output" posts
on the right-hand side of the subA good ground may be connected
to minus A. In some instances, howare obtained
panel. ever,thebetteruseresults
without
of a ground.
For an antenna it is recommended to use a single wire of
from 35 to 100 feet in length and
as high and free from surrounding
objects as possible.
By means of the variable resistance regeneration control (righthand knob) the detector tube may
be made to oscillate, and then the
R3 carrier of the station received. A
slight readjustment of both con^2 trols should then bring in the station. The tuning of a short-wave
receiver is a much more critical
process than that of a standard
ANT broadcast receiver, and unless
M4
care is Used, the novice is likely
to pass right by a station.
Station 5SW at Chelmsford, EngB+45
land, can generally be heard between 5and 6 P.M. in Boston when
using transformer B and with the
dial set at about 3 1.
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to-date airdrome radio installation in the
world.
During the war the evolution of the radio
telephone set for airplanes was pushed forward,
and in the summer of 191 5 the first spoken message from an airplane to the ground, in England,
was obtained by Major Prince in collaboration
with Captain H. J. Round — then members of
the experimental section of the Royal Flying
Corps at the Brooklands Wireless School — by
means of a continuous wave tube transmitter.
Continuous inter-machine working was not an
accomplished fact until 19 17, but it was used for
formation control in the latter stages of the war.
In the last few years the development of radio
for fighting planes has proceeded to a stage far
in advance of that reached by November, 19 18,
with the result that the wonderful squadron "air
drill" that may be seen in the world's leading
air forces has become a practicable and safe
proposition instead of — as it would be without
radio — a hazardous adventure. For purposes of

ENGI

this "air drill" in close formation the Marconi
Company has now developed a small, light set
using an aerial system attached to the wings.
It is, however, to the enormous possibilities
oP civil aviation that the world is turning its
eyes to-day; and no thoughtful person will
quarrel with "Anonymous" when he says: "Before passengers are permitted to risk their lives,
regulations regarding suitable radio equipment
and personnel
to operate
it should been
be laid
down."in
This
state of affairs
has already
reached
all the principal countries in Europe. But, before
we examine more closely the working of this commercial aviation policy in Europe, let us look at
'UCH has been said in the past about the
failure of aviation to make the proper
some of the more spectacular achievements of
M use
of radio, particularly on such
radio — because "Anonymous" has selected some
hazardous ventures as transoceanic flights.
spectacular non-achievements.
An unusually stimulating article on this subject
WHERE RADIO HELTED THE FLYER
by "Anonymous," entitled "What's the Trouble
\
A
/HEN
the British Airship R34 flew across
with Aircraft Radio?" appeared in the November, 1927, number of Radio Broadcast. As its
v " the Atlantic in July, 1919, radio was used
in a very practical manner by its navigators for
title
suggests,
is looking
for what
radio "Anonymous"
has not done for
aircraft rather
direction finding and position finding.
In addition the airship was in touch
than what it has done. We may fairly
with the Air Ministry in London pracclaim that the latter is even more strik- /
ing than the former.
tically throughout its voyage, and during the whole time that it was over the
No radio engineer who has had experiAtlantic was never out of touch with
ence in aircraft radio would attempt to
land on one side or the other. Just
minimize the difficulties to be encounwhat this would mean to a commercial air
tered in adapting radio to aircraft use,
line of the future need not be emphasized.
but that these difficulties are not insuperAnd there is another achievement in conable has been proved time and time again
nection with radio on airships of which
since the institution in England, by the
the radio engineer can justly be proud. In
Marconi Company, of what I believe
a heavy gale in April, 1925, the British
were the earliest experiments in this dimiJitary airship R33 broke away from
rection at that famous nursery of Euroits mooring mast at Pulham and floated
pean aviation, the Hendon Airdrome near
off over the North Sea, driven by a
London. Incidentally, these "laboratofurious wind. Thanks to the work of
ries" were in the Graham White sheds
at Hendon, so it cannot be said that the
its radio operator, however, the airship
radio engineers were out of touch with
was able to keep in touch with its base
throughout the time of its involuntary
the flying men. To-day the Marconi Company isworking in close collaboration with
flight. Officials there and at the Air
Ministry knew all the time exactly what
the Air Ministry and aircraft operating
the position of the airship was and how
IN THE CROYDON RADIO CONTROL TOWER
and constructing companies, and has reit was faring. The information that they
cently completed the construction of an
The four transmitters at Mitcham, 45 miles from the Croydon
entirely new installation at the London
were
able to give to Flight Lieutenant
Air Port, are controlled from this room. At the left is the direcBooth, who was the chief officer in the
Air Port at Croydon, with four transmittion finding unit; next to it is the g-tube multiwave receiver
ters working on different wavelengths,
airship at the time of the breakaway, as
raphy.
amplifier. Transmission takes
place on telephony and telegto his position and the extent of his drift
which is claimed to be the most up288

An English answer to the charges made by "Anonymous" in the has
November
of thisusemagazine,
that aviation
not madenumber
the proper
of radio,
points
out
the
fact
that
in
the
"air-minded"
countries of the Old World radio is playing its part
in the safety of air navigation. The implication is
that as America develops its commercial air lines
to the point at which they are now developed in
Europe, radio will be recognised as an essential
part of airplane equipment.
— The Editor
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from hour to hour was undoubtedly one of the
leading factors in assisting the gallant crew to
pilot the damaged airship safely back to land.
The Norge also found radio of the greatest
value for communication and direction finding
on its polar flight. Commander Gottwaldt, who
was in charge of the radio and meteorological services on board, reported that communication with
the outside world was maintained practically
throughout the flight until, by an unfortunate
mishap that could not have been foreseen, the
300 foot trailing aerial, covered with ice, was
broken during the last stages of the voyage
through the vessel having to fly extremely low.
Even after this the Norge was able to locate her
position by means of the radio direction finder,
for which a separate aerial, bound to the fabric
of the airship, was used.
Among Atlantic flyers with heavier-than-air
machines. Commander Franco, who flew from
Spain to South America in the spring of 1926,
used a direction finder as well as an ordinary
transmitter and receiver, to good effect. At the
conclusion of that flight, Commander Franco
and his navigator, Captain Ruiz de Alda, said:
"We give full credit to the Marconi direction
finder for route finding throughout the voyage."
Commander Byrd, after his flight, said:
" Radio will play a great part in the future transatlantic navigation of the air. Science has not
yet developed any instrument that will enable
the air navigator to locate himself in a fog
except by radio bearings. It seems that undoubtedly transatlantic landing fields of the
future will have in the vicinity several radio
direction finding stations, so that if the airplane
arrives in foggy weather it will be able to locate
itself by these radio bearings."
Perhaps, however, the most striking instance
of the value of radio was its achievement during
the wonderful flight of Captain Kingsfort-Smith
and his companions in one of the greatest air
adventures ever undertaken, the flight of
the Southern Cross from California to Honolulu, from Honolulu to Suva, Fiji, and then
to Australia. During their adventurous
journey radio rendered great assistance to
the navigators, and kept the world informed
of every incident of the flight throughout
the whole journey.
RADIO IN THE FLYING ROUTINE
OERHAPS even more important, however, than these big examples of what
radio has done for flying, is the day-to-day
routine radio work carried out on the European air lines. Marconi AD6 equipment — a
1 50-watt telephone-telegraph set with a
trailing aerial — is standard equipment on
all Imperial Airways machines and on the
machines of many other European air lines.
Every commercial airdome of importance
in Europe is equipped with radio apparatus
for communication and direction finding.
At the London Air Port at Croydon the
new radio station that has just been built
replaces the one that has done duty there
for the last seven years. The new station
consists of a group of four 3-kw. transmitters, capable of telephonic and continuous
wave and interrupted continuous wave telegraphic transmission, operated in conjunction with a radio direction finding receiver.
This receiver has been specially designed
for its work by the research department of
the iVlarconi Company, and in addition to
its remarkable selective characteristics it is
arranged so that if required two or more
circuits can be operated on different wavelengths for the reception of telephony and
telegraphy on the same aerials.
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THE AIR PORT TRANSMITTERS
The four transmitters and antenna system are located 4% miles from the flying field, leaving the field
itself clear for taking off and landing. The antenna masts, placed at the corners of a 250-foot square, are
100 feet in height, and support four cage aerials of the inverted " L" type
Constant use is made of radio facilities by the
pilots on the European air lines, and some of the
leaders among them have said more than once
that they would hesitate to fly an air liner not
equipped with radio. On two or three occasions
flights have been made between London and the
Continent on foggy days when the pilots have
not seen the ground from the time they took off
to the time they landed. For instance, in November last Captain A. S. Wilcockson, an Imperial
Airways pilot, flew a Handley-Page Rolls Royce

THE CONTROL TOWER
The radio control room is located on the top floor of the
tower of the Terminal Building at the Croydon Air Port.
On the top of the tower are the directional antennas and a
100-foot horizontal antenna.

plane from Paris to Croydon above a fog bank
which obscured the ground practically the whole
of the way. In spite of the denseness of the fog
Captain Wilcockson completed his journey in 2
hours and 26 minutes, which was a good average
time for the trip from Paris to London. When he
started from Le Bourget at 8 a.m. visibility was
about 1000 yards, and the weather report gave
fog over most of the route except for patches of
clear weather near the French coast. Five
minutes after leaving Paris Captain Wilcockson
found himself in dense fog and had to rise
2,000 feet to get above it. At this height
the plane was flying in bright sunshine and
continued to do so for the greater part of
the journey. It was, however, necessary to
fly entirely by compass bearing. The pilot
asked for several bearings and positions
from Croydon during the journey and
these brought him in on a direct line
to the Croydon Airdrome. There was
one break in the fog. about 10 miles
from Croydon, which enabled the pilot
to recognize the ground and corroborate
the fact that he was on the right bearing.
The fog then closed in again and in his
own words he "dropped right on to the
Captain Wilcockson said this was one
of
the worst fogs he had ever experienced
airdrome."
but he had no doubt during the whole
journey that he would get through in
comfort, as his past experience with his
radio apparatus had given him confidence that he could navigate on bearings through the fog, however dense it
might be. " I had no difficulty at all in
keeping in communication with Croydon
at any time, whether 1 was in the fog,
above it, or when coming down to the
airdrome; but it would have been impossible to have made the journey without
wireless," Captain Wilcockson said.
There were five passengers on the machine. They had a very happy and comfortable journey and were quite thrilled
with their novel experience.
These are just a few of the things
that radio has done and is still doing for
flying.
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F THE two kinds of distortion that may
occur in an audio-frequency amplifier,
the one that usually receives the lesser
attention is the one easier to correct. If an amplifier does not produce an output that is an exact,
enlarged reproduction of the input — i.e., if
the output signals are not proportional in
strength to the input signals at the broadcasting
microphone, no matter how weak or strong those
signals may be — obviously, distortion is taking
place. Such action is designated as amplitude
distortion; and the intelligent use of nothing
more than a milliammeter will show the causes
of this kind of distortion, when appropriate
remedies may be applied.
The correction of the other kind of distortion —
frequency distortion — necessitates the use of
more extensive equipment. This type of distortion ischaracterized by unequal amplification in
different parts of the frequency spectrum. It is
the type that has received somewhat greater attention in the design of audio transformers,
coupling impedances, etc., with good characteristics. Suffice it to say that, in the analysis of a
receiver for frequency distortion, the frequency
characteristic of a single coupling unit may mean
little or nothing. The frequency characteristic of
the loud speaker may mean much more than
the characteristic of a single audio transformer,
for example. Only the overall frequency characteristic ofthe receiver, from the antenna to the
loud speaker, should be relied on as a figure of
merit. It is impossible to make each unit of the
receiver perfect; but, fortunately, it is not impos ible to make the composite performance of
all the receiver units approach perfection. Making one unit imperfect in the opposite sense to
another will cause the defects to cancel, and so
leave the near perfect characteristic. In any
case, successful correction of frequency distortion requires the use of more than a milliammeter.
THE CAUSE OF AMPLITUDE DISTORTION
AMPLITUDE distortion is the result of
amplifier overloading. A given tube is
constructed to handle a certain amount of audiofrequency power without overloading. When this
power limit is passed, overloading and amplitude
distortion occur, so that the two go hand in hand.
The more or less familiar curve that shows the
relation between the plate current and the grid
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G. F. LAMPKIN

REQUENCY distortion in audio ampli•*■ fiers is primarily a question oj poor design,
and is somewhat beyond the province of the
set builder. Amplitude distortion, on the
other hand, is usually the result of improper
operation; its detection, as Mr. Lampkin
explains, may be accomplished by the use of a
milliammeter, and its correction by the proper
adjustment of the operating voltages of the
amplifier. Any radio fan possessing a milliammeter can make the measurements
described in this article, and in this way not
only get better results from his amplifier, but
also learn a great deal about audio amplification in general. —The Editor.
voltage of a vacuum tube can be used as a basis
for showing how amplitude distortion takes place,
and how it may be eliminated. Typical characteristic curves for one of the so-called power
tubes are given in Fig. I. They show how the
plate current of the tube would vary when the
grid voltage is swung through various values,
for any particular B voltage. With a 135-volt B
battery, if the C voltage is minus 30 volts, the
plate current is 13 milliamperes: if minus 10
volts, 36aremilliamperes,
and somust
on. not
[Mr. beLampkin's
curves
theoretical and
assumed
to be those of a 1 12 or 171 type tube, whose characteristics might seem similar. They are the socalled "static" curves, and really for purposes
of
this argument
shouldplate
be "dynamic"
However,
since the
currents forinstead.
these
curves are so low, and because dynamic curves
would differ for each load in the plate circuit — ■
each transmitted audio frequency, for example,
if the tube were working into a loud speaker —
it has been thought much simpler to use static
curves as shown. The argument would be the
same in any case; overloading distortion could
be predicted from inspection of dynamic curves,
due to the fact that these curves are not exactly
linear, although they are much straighter than
the static curves shown. — The Editor.] Suppose this tube were placed in an amplifier, with
90 volts on the plate and a C battery of 22 volts.
The steady plate current would be 6.3 milliam"A." peres, as indicated on the curve by the point
The audio-frequency signal voltages, when
impressed on the grid of the tube, would alternately add to and subtract from the bias voltage.
In Fig. 2 the curve is redrawn for 90 volts
battery, and the point "A" is indicated. About
this bias of 22 volts swings the audio voltage,
alternately positive and negative,
or to right and left, as shown along
the extended vertical line. For each
value of the resultant voltage on
the grid, that is, the steady bias
voltage plus or minus the instantaneous a.c. voltage, there is a corresponding instantaneous value of
plate current. The curve drawn
through the latter points, along the
extended horizontal axis, is the form
of the output current. So long as the signal
voltages are comparatively low, say plus or minus
four volts, the reading on the plate milliammeter
will remain invariant. Although the plate current
alternately increases and decreases, it must be
290

remembered that the alternations take place one
hundred or more times per second, and are much
too fast for the ordinary milliammeter needle
to follow. If the grid voltage does not swing
beyond this plus or minus four volts the plate
current on one half the cycle increases as much as
it decreases on the next half cycle, so that the
average force on the meter needle does not change
and the reading stays constant. If a very low
audio frequency were impressed on the grid of
this tube, for example, a 10 cycle note, the milliammeter needle would actually wobble up and
down from its average value, indicating that the
instantaneous plate current varied in accordance
with the incoming signals.
However, when a stronger signal comes
through and forces the grid voltage to swing to
wider limits, the reading on the milliammeter
will change. This greater input voltage may swing
from plus 16 volts to minus 16 volts, and would
have a graphical representation as in Fig. 3.
In this case, when the total grid voltage reaches
minus 3 5 volts (that is, minus 22 due the C battery
plus minus 13 due the signal), the plate current
becomes zero, and remains zero as long as the
voltage is more negative than this value. The
curve of output current shows clearly the portion
of the cycle during which the current is cut off.
Such an output, for a strong signal, is decidedly
not an exact, enlarged reproduction of the input.
The graph of plate current shows that the positive halves of the wave are larger than the negative halves, for the latter have their tops chopped
off. On the curve, the horizontal line at 6.3
milliamperes represents the plate-meter reading
when no signal is impressed. On the strong signal
the average value of the plate current jumps to
9.6 milliamperes, and this deflection is taken up
by the meter. Thus the fluctuation of reading on
the plate-current meter is coincidental with
amplitude distortion, and may be used as an
indication of the latter.
The remedy for distortion of this sort, where
the meter deflects up on strong signals, is to decrease the C-battery voltage. The chopping off
of the negative loops of plate current is due to
the lower bend in the characteristic curve. Decreasing the C bias moves the working point
away from this bend, that is, up the curve, so
that the negative grid voltage swings cannot

FIG. 2
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reach it. This, of course, increases the steady
plate current. Another remedy, and in this
particular case a better one, is to increase the
plate voltage to 135 or higher; it may be seen
that this accomplishes the same purpose as
above, by shifting the operating point to one
of the higher curves and automatically increasing
the distance to the lower bend of the curve.
DISTORTION FROM A POSITIVE GRID
AMPLITUDE distortion caused by cutting
off of the positive peaks of signal voltage
may be had at another portion of the curve —
in particular, where the grid voltage crosses the
zero line and goes positive with respect to the
filament. To find out why this causes distortion
requires that a start be made at the plate circuit
of the preceding tube. The connections are those
of Fig. 4A, which shows two tubes with resistance
coupling. The coupling resistance, the coupling
condenser, and the grid leak may be replaced
by a single impedance, Z, equivalent in value;
and the equivalent circuit is redrawn in Fig. 4B.
The first tube has an alternating voltage generated in its plate circuit, due to the signal voltage
at its grid. The generated voltage acts upon the
internal plate resistance of the tube, Rp, and
the coupling impedance in series, causing an
alternating current to flow through them. Each
element then has a voltage drop across it, the

sum of the drops being equal and opposite to the
impressed voltage. The proportion of voltage
that exists across Z may be expressed very nearly
by
Z + R X total voltage.
That is, the larger the value of Z, the higher
the voltage existing across it, and vice versa.
In the amplifier circuit, suppose the B voltage
on the last tube to again be 90, but suppose the
C bias has been dropped to only 9 volts, so that
the operating point becomes "B" of Fig. 1. As
long as the signal voltage swings within limits
around "B" — namely, plus or minus 9 volts,
there is no distortion. But if the signal amplitude
runs higher, a direct current flows from filament
to grid each time a signal peak makes the grid
positive with respect to filament — exactly as a
current flows to the plate when it has a positive
voltage on it. When the grid is negative, no
current flows to it, when positive, more or less
current flows, depending on how far positive the
voltage goes. This can only mean that the resistance from grid to filament has been decreased
enough to permit current to flow; in fact, compared to the resistance when no current flows,
the grid-filament resistance goes down tremendously when grid current flows. But the gridfilament path is in parallel with the coupling
impedance; and when paths are in parallel, the
equivalent impedance of the combination is always lower than that of the smallest element.
Therefore, when the grid-filament path drops
from a very high to a low value of resistance, it
drags down the equivalent value of the coupling
impedance, which in turn means that the a. c.
voltage across the coupler decreases. It must be
remembered that the grid-filament resistance is
lowered only on the positive peaks, so it is at
these points that the voltage is lost, and the tops
of the input signal are cut off. Losing the tops of
the wave means that the negative loops become
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relatively larger, so that the average of the plate
current goes down. When amplitude distortion
takes place because of the grid swinging positive,
the reading on the plate milliammeter decreases.
The remedy in this case is to increase the Cbattery bias, moving the operating
point away from the zero line so
that the voltage swings cannot
reach it.
THE PROPER REMEDY
TT MAY be seen, therefore, that
1 there is an optimum value of C
bias for each value of plate voltage.
It is somewhat less than half of
the bias necessary to give zero plate current,
by inspection of the characteristic curves. The
object is to the confine the grid voltage swings
between the point of zero voltage and the lower
point where the curve begins to bend — in other
words, to the part of the characteristic where the
"curve" is a straight line. If, after attaining the
optimum bias, amplitude distortion still occurs,
the remaining remedy is to increase the plate
voltage; incidentally, this necessitates a new
bias. The latter remedy is limited, of course, by
the permissible plate voltage that may be applied
to the tube. Above this power level, a new tube
of higher power rating must be used; or, with
the same tube, the condition simply means that
the volume control on the receiver must be
lowered, if amplitude distortion is to be done
away with.
In the case where the grid voltage goes positive
a meter may be placed in the grid circuit and
used to show the grid current that flows. If the
amplifier is resistance coupled to the previous
tube, the flow of current will be so small as to
be indistinguishable on a one-milliampere meter.
The reason is that only a slight value of current
flowing through the high-resistance grid leak
provides a negative drop that compensates for
the positive peak of signal, and the grid cannot
go far enough past the deadline to give an
appreciable current. Amplitude distortion is
present, nevertheless, just as much as with any
other coupling system.
Nothing has been said heretofore concerning
filament saturation, but assumption has been
tacitly made that in all cases the filament was
capable of supplying all the electrons needed.
If not, the characteristic curves shown in Fig. 1
would, at a given plate current, bend sharply to
the right and continue horizontally. Such a curve
would obviously cause serious amplitude distortion if the grid voltage variation came into the
saturation region. The distortion would be
analagous to that caused by grid current flow.
Such distortion is often caused by an exhausted
tube or a low voltage storage battery. Assurance
must be had, then, that the filament of the
tube is turned up to rated voltage, or that
it has not lost its emission. A very approximate
way of obtaining the optimum C bias is to short
the grid to the filament of the amplifier tube,
and read the plate current. Then remove the
shorting wire and adjust the bias till the plate
current is slightly more than half the former
value. All makers of power tubes indicate the
proper B and C voltage which should be
used.
The effect of amplitude distortion is to introduce in the output frequencies that are not present in the input voltage. A pure, smooth input
voltage, such as those of Fig. 2, impressed on an
amplifier in which amplitude distortion occurs,
would come out with one or both the peaks flattopped, as has been seen. This sort of a wave is
composed of more than is apparent from a casual
inspection. It really has the original pure wave
combined with a family of harmonics — waves
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with frequencies that are 2, 3, 4, 5, and so on,
times the original frequency. For sake of illustration, suppose the signal has its positive peak cut
off and that it is cut straight across. Such a wave
is shown by the heavy curve of Fig. 5. The finerlined curves show the components that are actually present, and which in the composite form
the output wave. With this sort of action accompanying amplitude distortion, there is no
wonder at the weird jumble issuing from some
loud speakers when trying to reproduce musical
selections, where each 'note proceeds from the
loud speaker accompanied by its own little family
of harmonics. A bit of experimenting with a milliammeter while listening to the reproduction
will enable one to connect the results of amplitude distortion with the cause.
There is an interesting connection between
frequency distortion and amplitude distortion.
With transformers in the amplifier which will
not pass the low notes, the set will handle a given
power level without distortion. If, in an attempt
to better the fidelity of reproduction, transformers be installed which will pass the low notes,
the effective maximum power capacity of the
amplifier will be lowered because, as is more or
less well known, the lower notes contain more
energy or have a greater amplitude. The better
class of broadcasters have the low-frequency,
large-amplitude voltages present in their output.
Where the original amplifier would not pass these
notes, the better transformers enable it to do so;
and although the higher frequencies still come
through with the same amplitude, the newly
introduced low frequencies overload the amplifier.
It is well to make sure that the loud speaker can
reproduce the lower frequencies before installing
transformers to pass them. Otherwise the only
attainment would be to reduce the power capacity of the amplifier, for even though the speaker
cannot respond to the new low notes, it will respond to their distortion products.
Distorted Output Wave
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Power Supply Transformers
These transformers supply full
wave rectifiers using two UX-281
tubes, for power amplifiers using
either 210 or 250 types power amplifying tubes as follows: T-2098 for two
210 power tubes, $20.00; T-2900 for
single 250 power tube, $20.00; T-2950
for two 250 tubes, $29.50.
Double Choke Units
Consist of two 30 henry chokes in one
case. T-2099 for use with power supply transformer T-2098, $14; T-3099
for use with transformer T-2900, $16;
T-3100
for use with transformer
T-2950, $18.

THORDARSON
AUDIO

TRANSFORMER,

SUPREME in musical performance, the
i new Thordarson R-300 Audio Transformer brings a greater realism to radio
reproduction. Introducing a new core mate-

Power Compacts
A very efficient and compact form of
power
unit. Power
er andsupply
filter chokes
all intransformone case.
Type R-171 for Raytheon rectifier and
171 type power tube, $15.00; Type
R-210 for UX-281 rectifier and 210
power tube,
$20.00;
R-280tube,
for
UX-280
rectifier
and Type
171 power

rial, "DX-Metal" (a product of the Thordarson Laboratory), the amplification range has
been extended still further into the lower register, so that even the deepest tones now may
be reproduced with amazing fidelity.

$17.00.
Speaker Coupling
formers TransA complete line of transformers to
couple either single or push-pull 171,
210 or 250 power tubes into either
high impedance or dynamic speakers.
Prices from $6.00 to $12.00.

The amplification curve of this transformer
is practically a straight line from 30 cycles to
8,000 cycles. A high frequency cut-off is provided at 8,000 cycles to confine the amplification to useful frequencies only, and to eliminate undesirable scratch that may reach the
audio transformer.

Screen Grid Audio Coupler
The Thordarson Z-Coupler T-2909 is
a special impedance unit designed to
couple a screen grid tube in the audio
amplifier into a power tube. Produces
excellent base note reproduction and
amplification vastly in excess of ordinary systems. Price, $12.00.

When you hear the R-300 you will appreciate the popularity of Thordarson transformers among the leading receiving set manufacturers. The R-300 retails for $8.00.
THORDARSON ELECTRIC MANUFACTURING CO.
Transformer Specialists Since 1895
WORLD'S OLDEST AND LARGEST EXCLUSIVE TRANSFORMER MAKERS
<r7iuron and Kingsbury Streets
— Chicago.Ill.USA,

THORDARSON ELECTRIC MFG. CO.
500 W. Huron St., Chicago, III.
3583-j
Gentlemen: Please send me your constructional
booklets on your power amplifiers. I am especially
interested in amplifiers using
tubes.
NameStreet and No..
\ Town

Stale
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By Donald McNicol
Felloic A. I. E. E.
Fellow I. R. E.
Past President of I R E.
It is appearing serially in
Radio Engineering beginning
with the June 1928 issue

THE Radio Broadcast Laboratory Information Sheets are a regular feature of this
magazine and fcave appeared since our June, 1926, issue. They cover a wide range
of information of value to the experimenter and to the technical radio man. It is not our
purpose always to include new information but to present concise and accurate facts in
the most convenient form. The sheets are arranged so that they may be cut from the
magazine and preserved for constant reference, and we suggest that each sheet be cutout
with a razor blade and pasted on 4" x 6" filing cards, or in a notebook. The cards should
be arranged in numerical order. In July, 1927, an index to all sheets appearing up to
that time was printed. In the May, 1928, issue we printed an index covering the sheets
published from August, 1927, to May, 1928, inclusive.
All of the 1926 issues of Radio Broadcast are out of print. A complete
set of sheets, Nos. 1 to 88, can be secured from the Circulation Department,
Doubleday, Doran & Company, Inc., Garden City, New York, for $1.00. Orders for the
next set following can also be sent. Some readers have asked what provision is made to
rectify possible errors in these sheets. In the unfortunate event that any serious errors do
occur, a new Laboratory Sheet with the old number will appear.— The Editor.

No. 217

Editoi — M. L. Muhleman
Managing Editoi — G. C. B. Rowe
Associate Editor — John F. Rider
Associate Editor — Austin C. Lescarboura
A new section covering COMMERCIAL
DEVELOPMENTS now appears in
each issue. It deals with aeroplane and
train communication, talking movies, picture transmission, speech amplifiers, etc.
Some of the other articles in the
June issue are:
The Sulphide Rectifer
by Dr. H. Shoemaker
Selecting a Band of Radio Frequencies
by G. F. Lampkin
Radio Set Power Supply
by George B. C rouse
A. C. Tubes vs. Series Filament Operation byW. P. Lear
Mathematics of Badio by John Bider
High Voltage D. C. Generators
by J. H. Blankenbuehler
Radio Engineering is NOT sold on
newsstands. If you are not a subscriber already, use the coupon
below.
NOTE gratis
— The to
Junethose
and using
July numbers
sent
the couponivill be-be
low in subscribing.
RADIO ENGINEERING, Inc.
52 Vanderbilt Ave.. New York,N. Y.
Enclosed find I! fo*!!!!
^oar )! sub!s3.00 i-°r.^
for 1 years
scription to Radio Engineering to begin
August, 1928.
Enclosed find twenty cents (20c) for which
send sample copy of Radio Engineering.
(PLEASE PRINT NAME AND ADDRESS)
Name
Address
City
State
Please check classification.
□ Manufacturer □ Dealer
□ Engineer
Q Technician
Anything else
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Using a Milliamimeter as a Voltmeter
what resistances must be used
(1 megohm)
is placedrequired
in series
The
values
of resistance
to with
read it.
voltages
DY CONNECTING accurate fixed resistances
not
given
in
the
table,
or
for
use
with
meters
with
in series with milliammeters it is possible to
higher ranges may be determined by dividing the
make very useful voltmeters that may be used to voltage
to be measured by the maximum current in
read filament voltages, plate voltages, C voltages,
amperes
of theto meter.
Supposeup that
meter
is to be used
read voltages
to 300a 50-mA
volts. Three
the output voltage of B-power units, etc. The accurhundred volts divided by 0.050 amperes (50 mA)
acy of such a home-made voltmeter depends upon
the accuracy
milliammeter
the per
fixedcent,
regives
tance. 6000 ohms as the required value of the resissistance. ofResistorstheaccurate
to withinanda few
can be obtained by purchasing them directly from
Resistors with a wattage rating of 1.0 watt will
be satisfactory for all those values given in the
any reputable manufacturer.
table,
but it is advisable to use resistors with a
The table
on this
tances required
withsheet gives the values of resisrating soof that
aboutthere
5.0
watts
different
milliammeters to read voltages VOLTAGE MULTIPLIER FOR MILLIAMMETERS
will be little possibility
from 1 volt up to
of
the value
of the
resistance
changing
1000 volts. For exli in, .)
due
to heating.
Also
a 5-mA
10,000
Ohms 1,000,000
Ohms
meter
toample, if be
used
resistors
with a rating
Amperes
Ohms
Ohms
1,000
to readis voltages
up
to 50 volts then a
of
5
watts,
operat1.
10 volts 100 volts 1000 volts
Milliconsiderably
1 . volt
10.000-ohm resistor
1.5
belowing at their
rated
2.
ismeter
necessary.
A
1.0-mA
dissipation,
will be
may
be
used
likely to hold
their
to read voltages up
5.
calibration
a much
8.
to 1000 sistor
volts
a relonger
time
than
with aif value
wattage.
resistors of lower
3.
of 1,000,000 ohms
10.
10.5. 1.5 "
150 "
2. "
105 "" 320000 ""
2
8.
30 "
50 'Information Sheet September, 1928
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Servicing Radio Receivers
HOW FAULTS SHOULD BE LOCATED
'"THE
tracing
of faults
in There
a radiois areceiver
is notto
1 always
an easy
tendency
delve
at random
intomatter.
the vitals
of the receiver
rather
than to follow a systematic procedure by which the
fault may generally be more quickly and easily
located. tematic
In locating
remedying
the sys-in
of theandcircuit
and thefaults
apparatus
the receiver testing
is essential.
Measuring instruments are frequently helpful
in making these tests but a great deal may be done
with a simple and inexpensive device. In the testing
of the component
in a with
receiver
a pairbattery
of tele-is
phones connected parts
in series
a small
useful in determining where the fault exists. The
windings of a transformer may be readily tested
by meansminals areofconnected
this simpleacross
circuit.
the twowindterthe When
transformer
ing a click will be heard if the circuit is continuous.
Fixed condensers may also be tested, and here a

click should be heard when the leads are placed
across the terminals of the condenser, but no click
will be heard when the terminals are removed unless
the condenser is defective. If the insulation in the
condenser is poor, however, or the condenser is
definitely
short-circuited,
will itbeisheard
when the circuit
is closed aandclickwhen
opened.both
Ordinary radio-frequency transformers and superheterodyne intermediate-frequency transformers,
audio-frequency or radio-frequency choke coils, eic.
may also be tested for continuity by connecting the
test terminals across the terminal of the device
under test. If the device being tested has a high
resistance the click will be of less intensity than
that obtained
whenno testing
vice. In any case,
click ata alllowwillresistance
indicate dean
openWhencircuit.
a radio receiver fails to operate, such tests
as weoushave
outlined
can beto applied
varicomponents
of theherereceiver
determineto the
whether
or not a piece of apparatus is at fault.

3.'
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EVERYTHING

IN

SILVER

RADIO!

MARSHALL

HEADQUARTERS
SET

Here you will find a complete assortment of the
Famous Silver Marshall parts and kits — in stock —
ready for your call. Practically all of the nationally
advertised lines in parts and kits are available here
for immediate shipment. New AC Sets, Power
Dynamic Speakers — all the latest and newest in
Radio is here at prices that defy competition.

BUILDERS

Set Builders and experimenters will
welcome an association here where
tremendous stocks of practically all
of the nationally advertised lines
are carried — coupled with an organization trained to serve. Immediate shipments are assured.
Silver-Marshall — Hammarlund —
Roberts — Aero-Tyrman and practically all of the latest kits and
parts are available. Your orders
large or small, will be handled
with a promptness and dispatch
that will prove a revelation to you
in Radio Service.

LOWEST

PRICES

Tremendous sales volume coupled with a rapid
turnover to the thousands of radio dealers throughout the country who have come to depend on Allied
Service enables us to go into the open market and
buy for cash — at tremendous savings — and these
savings are passed right on to you in the way of better merchandise and lower prices.

50,000

FEET

OF

RADIO

50,000 square
feet of
floor spaceto inradio.
a large'
building
is devoted
exclusively
Floormodern
after
floor is filled with a tremendous stock of every
variety, that is, exceptionally complete. Kits, parts,
and sets of every description. Here are found the
latest improved designs and styles in all sizes and
makes.

DEALERS
Dealers who line up with Allied
Service will never disappoint their
trade on deliveries. Our immense
stocks in Sets, Parts, Kits, and
Accessories enable you to render
real service to your trade. Immediate shipments insure rapid
turn-over — eliminating the necessity of carrying large stocks on
hand — and this along with lowest
market prices will prove an ideal
connection for the live dealer.

IMMEDIATE

SHIPMENTS

The Allied organization is trained to service. Real
team work from executives, department managers
to stock clerks and office boys — all animated by a
desire to serve — to make Allied Service Radio's
most dependable service.

SERVICE
Allied Radio Corporation is composed of a large trained corps of men who have had years and years
of experience in making radios. They know how to get results. Their great fund of experience is now
available for your benefit. They know the newest improvements, the up-to-the-minute demands of the
trade and ready to give you personal, helpful service.
SEND

ALLIED

FOR

RADIO

WHOLESALE
711 W.

LAKE

FREE

CA

TALOG

A

CORPORATION

RADIO

ST.

DISTRIBUTORS
CHICAGO,

ILL.
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New

Tubes

the

perfect

for

your

radio

known is to
install a correct
tonic

tube

socket

One

in every

of your

inferior

set.

or old

tube may be crippling
your set and causing
poor reception.
Have
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Measuring Instruments
THE AMMETER
of the total current and therefore if we know the
current
through
the coil inwethe can
readily
determineflowing
what the
total current
circuit
is.
T ABORATORY Sheet No. 214 in the August
As an example, if the resistance of the shunt, R,
^ issue explained the operation of a simple
is
0.01
ohms
and
that
of
the
moving
coil
of
the
meter
measuring instrument. An instrument of the type
0.99 ohms then the current divides in the same
illustrated in that sheet can only be constructed to
ratio. Out of every
unit ofinto
current
throughis
handle small currents, for to handle large currents
the circuit
whichflowing
the meter
the moving coil, L, and the leads to it
connected 99 parts flow through the
would have to be made of ve.y heavy
shunt and one part flows through the
wire. Since the coil, L, is part of the
Case of Meter
meter. The current in the meter is
moving element, it must be kept light
therefore an accurate measure of the
Moving Coil
in weight ; it is possible, therefore, to use
only a fine wire on the coil. For larger
I total forecurrent
in theshunt
circuittheandscale
therefor any one
on
currents
the
arrangement
indicated
in
the sketch on this sheet is used. R is a
the
meter
is
calibrated
to
read
directly
the total current.
I
resistor
called strips
a "shunt"
consisting
Meters with current ranges up to
one
or more
of a special
alloy.of
50
or the
75 shunt
amperesbuilt
may inside
be obtained
The[current in the circuit divides, most
I
with
of the
of it going through the shunt because
case. For higher ratings the shunt
its resistance is small in comparison
forms
an
extra
piece
of
apparatus
and
with that of the moving coil of the
the meter is connected across it by
meter. The current through the coil,
means of a pair of wires.
however, is a certain definite fraction
Shunt
R

I

tonic

r set "rurn
ou
IS dyo
wn"
afte
nt
use?
long, consta
The finest radio

new
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Radio Transmission
HOW DISTANCE AFFECTS THE SIGNAL
■pROBLEM:
A receiver
is tuned
to a away
broadcast
•*•
station located
a certain
distance
and
signals from it produce sufficient power in the loud
speaker circuit to make reception satisfactory. By
what percentage will the power in the loud speaker
be reduced if the receiver is removed to a point
twice as far away from the transmitter, assuming,
of course,
that the sensitivity of the receiver remains unchanged.
Solution: To solve this problem we must know
how the output power of a receiver varies with the
r.f. input at the antenna and we must know how
the received
energyandvaries
with the distance between the receiver
the transmitter.
(a) The power in the plate circuit of the power
tube (and speaker)
therefore
power ofsupplied
to thevoltage
loudvaries as thethe square
the signal
on the grid of the power tube.
(b) The voltage output of a detector tube varies
as the square of the voltage on its grid.
(c) Therefore, the power into the loudspeaker
varies as the fourth power of the voltage impressed
on the grid of the detector tube.

(d) The voltage impressed on the detector tube
is proportional
voltage
the antenna.
fore the power tointothe the
loud atspeaker
varies Thereas the
fourth
power
of
the
voltage
impressed
in the antenna.
(e) The voltage at the antenna varies as the field
strength.
(f) Therefore, the power into the loud speaker
varies as the fourth power of the field strength.
Statement (f) tells us how the power into the
loud speaker varies with field strength. But the
field strength
antennabetween
varies the
inversely as the surrounding
square of theandistance
transmitter and the receiver. Therefore, the power
into the loud speaker varies inversely as the eighth
powerreceiver.
of the distance between the transmitter and
the
The problem states that the distance between the
receiver and the transmitter has been doubled, i.e.
the distance has been multiplied by 2. The eighth
power of 2theis 256;
therefore
by doubling
distance
between
receiver
and the
transmitterthe we
have
cut down the power in the loud speaker to 1 256 of
what it had been.

your dealer test

your tubes and recommend new, correct,

No. 224

wide-awake Cunningham Radio Tubes to

Text Books
THERE
certain
and radio should
magazines
that theareserious
radiobooks
experimenter
not
be without and in this sheet we give a list of some
of what welicatconsider
the
more
important
of
the
pubions. The short descriptive sentence following
mind. title will help to classify the book in our readers'
each
Radio Instruments and Measurements. A 345-page
book, presenting information regarding the more
important
measurements
used in radioinstruments
work. The and
contents
is of interestactually
to all
radio engineers. The book is published by the Department of Commerce and is known as Circular
No. 74. Obtainable from the Superintendent of
Documents,
ington, D.C, Government
for sixty cents.Printing Office, WashPrinciples Underlying Radio Communication.
Another mended.government
publication
to elementary
be recomThis book is quite
an excellent
text book of radio and general electricity and may
be easily
understoodEveryone
by anyone
with have
a fairit.knowledge of algebra.
should
It is
known as Radio Communication Pamphlet No. 40,
and the Superintendent of Documents, Government
Printing Office, sells it for $1.00.
Principles of Radio Communication, by J. H.
Morecroft. This is probably the most complete
book on radio engineering. The text deals with all
phases of the art of radio communication and the

replace the old ones.
E. T. CUNNINGHAM
Inc.
New York
Chicago
San Francisco
Manufactured and sold under rights, patents
and inventions owned and/or controlled by
Radio Corporation of America.
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on Radio
treatment is very complete, the book containing
about 1000 pages. Published by John Wiley and
Sons, Inc., New York City. Price: $7.50.
Thermionic Vacuum Tube, by H. F. Van Der
Bijl. An excellent book setting forth the principles
of operation of vacuum tubes. It is a very useful
book for any radio engineer. Published by the
McGraw-Hill Book Co., Inc., New York City. Price:
Radio Engineering Principles, by Lauer and
S3.00.
Brown. A forbookthoselesswhose
extensive
than Morecroft's
but
excellent
requirements
are satisfied
with a shorter and less expensive text. It is a very
scholarly
by McGraw-Hill
Book Co., presentation.
Inc., New YorkPublished
City. Price:
$3.50.
Radio Frequency Measurements, by E. B. Moullin.
A book dealing with the theory and practice of
radio measurements. A handbook for the laboratory
and a text book for advanced students. Many of the
measurements are made with the aid of the vacuum
tube voltmeter. Published in England but it can be
obtained from the J. B. Lippincott Co., in PhiladelPractical Radio Construction and Repairing, by
Moyer
and Wostrel.
This bookandaims
be of service
to the amateur
constructor
radioto service
man.
It is essentially practical in its treatment. Published
phia.
by
Book Co., Inc., New York City.
Price:McGraw-Hill
$1.75.
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Safe

with

volts!

IF you want the real truth about condensers goto an organization that builds,

and other parts. The experience ofthe nationally
known house of Rossiter,

services and repairs every type of radio
receiver and power supply unit.

Tyler & McDonell

Such an organization is Rossiter, Tyler
& McDonell. These engineers have
had actual experience in every branch
of radio. Mr. Frank McDonell

should

be a good guide for other
builders and service men
follow. Don't take
chances with condenser

says:

break down. Play safe
with Acme Parvolts.

"We think so well of Acme Parvolt
Condensers that we have samples constantly ondisplay for all clients to
see. Those of our customers who know
radio also know that Parvolts

Made by THE ACME WIRE
CO., New Haven, Conn., manufacturers ofmagnet and eni ameled wire, varnished insula| tions, coil windings, insulated tubing and radio cables.

are thoroughly reliable. We like
our clients to realize that we use
the best in radio. "
Mr. McDonell says that his
firm has used many Acme
Parvolts in both experimental and practical work and
has never known one to break

fy

down under proper load. Absolute safety is vital with a firm doing alarge volume of service work.
Should a condenser blow out,
many dollars would be lost in
ruined tubes, transformers, chokes

Mr. McDonell says: Our
PARVOLT display board is
very useful, for vje frequently
have occasion to show our
clients how these condensers

CONDENSERS — Supplied in
PARVOLT
ACME
capacities for 200, 400, 600, 800,
mfd. FILTER
all standard
Volt D. C. requirements. Uniform height
1500
and
0.
100
and width for easy stacking. Supplied singly or in complete
housed blocks for the important power supply units such as
and others.CONDENSERS are supplied
Samson, BY-PAS3
Thordarson,
PARVOLT
ACME
in all standard mfd. capacities and for all required working
voltages.

are made. T*
Acme

Parvolt
Made

Acme

Condensers

by the Manufacturers

of

Gelatsite
Hook-up
Wire
ENAMELED
celatsite
ACME
spaghetti
FLEXIBLE and SOLID
AERIAL WIRE
A superior cambric tubing for all
For all types of radio wiring. High
'Enameled
copper
wire
in
both
stranded
and
practical radio and other electrical
insulation value; non-inflammable,
solid types. Also Acme Lead-ins, Battery
to colors.
requirements. Supplied in IO colors.
Cables^ Indoor and Loop Aerial Wire,
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Sizes of Tap and Clearance Drills
TABLE OF SIZES

Whatever your connection with Radio
Whatever your need for instruments — whether as set
builder, amateur transmitter
or service and repair man —
the name "WESTON" on any
meter you select is the highest
guarantee of long life and dependable service with the lowest possible cost of instrument
upkeep. Listed herewith are
but a few timely models. The
complete radio line is fully
described in Circular J, mailed
upon request.
Model 528—3-Range
A. C. Voltmeter
A compact little instrument with
red and black mottled bakelite case
—150/8/4 volts — for testing A. C.
supply and tube voltages of A. C.
receivers. An excellently designed
and most precise little meter which
will find many uses in the home
and laboratory — fully as satisfactory for small testing requirements
as a larger and more expensive instrument. Price $16.50.
A. C. and D. C. Set Tester
Model 537
A dealer's or radio serviceman's
complete testing outfit. Weight,
only 6i lbs. No additional tools,
instruments or equipment necessary. Simple, automatic method of
making connections. Meter equipment :-T wo 3j" diam. high grade
Weston models. (1) — 3-range A. C.
voltmeter, 150/8/4 volts. (2)— D.
C. volt-milliammeter >with four
voltage ranges, 600 300 60, 8 volts
— (1000 ohms per volt) and two
current ranges — 150/30 milliamperes. Price, $100.00.
At all dealers, or write direct to:
WESTON ELECTRICAL
INSTRUMENT CORPORATION
604 Frelinghuysen Ave. Newark, N. J.
WESTON
RADIO
INSTRUMENTS

'"PHE
table on radio
this sheet
will beandfound
constructing
receivers
poweruseful
units,in
when it is necessary to tap or drill holes to take a
certain size machine screw. The first and second
columns, headed "Screw Number" and "Threads
1 SCREW
1 NUMBER
I
1 33
1 4
I 4
I 4
I
I 55
i 5
I 6
I 6
1 6

THREADS
PER
INCH
48
32
56
40
30,40
3632
36
30, 32
40
36

per Inch" in each section of the table, identify the
machine screw, and the third column headed "For
Tap"thatgives
if the into
hole the
is tohole.
be tapped
so
the the
screwdrillwillsizethread
If the
hole is to be drilled so that the machine screw
passes
size
drillthrough
should betheused.hole, then the "Clearance"

24, 30
24
30
28
32
30
32
24
30
32
32

For Tap
DRILL NUMBER
Clearance
21
31
21
17
29
13
29
28
17
30
27
13
30
25
13
25
22
8
21
8
8
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ForDRILL
Tap NUMBER
Clearance
43
31
45
31
44
42
38
41
38
40
31
29
37
29
35
29
38
26
33
32
26
26

SCREW
NUMBER
7
7
8
8
9
9
9
9
10
10

THREADS
PER
INCH

10

No. 220

The Roberts Four-Tube A. C. Receiver
PARTS REQUIRED
f}N LABORATORY SHEET NO. 221 is pub" lished aby many
circuitreaders
diagram
that letters
has been the
rein their
TechnicalquestedInformation
Service.
It is the to
circuit
diagram
a 4-tube227 Roberts
for a.c.
tion usingof three
type a.c.receiver
tubes and
one opera171A
typeThetube.
following
parts are required for the construction ofthe receiver:
Ci, C2 — 2 Tuning
size with
such theas
to cover condensers
the broadcastof aband
coils used. Homemade coils made
according to the specifications given
below require 0.0005-mfd. condensers
Cs — Neutralizing
condenser, 0.00002 mfd.
maximum capacity.
d — Grid condenser, 0.00025 mfd.
C5, C6, C: — 3 Bypass condensers, 1.0 mfd.
Ci — Output condenser, 2 to 4 mfd.
C9 — Bypass condenser 0.0002 mfd.
Li, L2 — 2 Thirteen point spider-web coils. Li

No. 221

consists of 35 turns of No. 22 d.c.c.
wire tapped at every five turns. L2
wire.
consists
of 44 turns of the same size
L3, Ls, Ls — 3 Thirteen
L3 is
a double point
woundspider-web
primary coils.
consisting
of two parallel windings of 18 turns
of No. 26 d.c.c. L4 is the same as L2.
Ls consists of 12 turns of No. 22 d.c.c.
mounted on a form so that its coupling to L4 may be varied.
Ls — Output choke coil, 30 henries.
Ri — C bias resistor, 500 ohms.
R2 — C bias resistor, 2000 ohms.
R3 — Grid leak, 2 megohms.
R<, R5 — 2 filament resistors, 20 ohms, centertapped. tap switch.
S — Antenna
Ti, T2 — 2 audio transformers.
3 five-prong sockets.
1 four-prong
socket. supplying 2.5 and
Filament
transformer
5.0 volts.
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Circuit of the Roberts Four- Tube A.C. Receiver
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ANNOUNCING
A

FULL

AND

COMPLETE

LINE

OF

(K)
(pg)@si^aais
To Better Serve Your Parts Requirements
"B" BLOCKS
NEW
NEW FROST-RADIO UNIVERSAL
RADIOFROSTA. C.
SNAP SWITCH
long have known Frost-Radio as the
Inspected and passed YOU
leading line of radio parts for the setby
Underwriters'
Laboratories.
Enbuilder. NOW it is possible for you to
tire switch
enclosed inisfinely
cally
build your entire set with these parts,
practi
made metallic
housing. HasCarries
positive
contacts.
3 due to the addition of many new items to the
amps, at 2 soldering
50 volts.
Extended
Frost-Radio line. See your dealer to-day for your
lugs makelationinstalextremely parts requirements. He has everything you need,
simple. Terminals
perfectly
all of the sterling quality which has made Frost
from eachinsulated
other.
Singleing.hole
Price: mount7 5c.
Parts famous. The complete line includes the folk
NEW FROSTRADIO, CABLE
Gem Jacks
Variable High Resistances
PLUG
Pan-Tab Jacks
Variable High Resistances
Moulded throughout
with D. C. Switch
of Bakelite.
TerLoop Plug and Jacks
minals are moulded
Plugs
Microphones
Variable High Resistances
right
into
Bakelite,
with
A.
C.
Snap
Switch
and can never come
Battery
Gem
Variable
High
Resistloose. ingsColor
markances
Conservative voltage ratings and remarkably
Ground Switches
Clamps
also moulded
in, doing away Approved A. C. Snap Switch
Extension Cords
fine
construction
unitegiveto greater
make satisfaction.
these "B"
locks
standinup hermetically
longer,
with
paper
chart
or
Air
Cooled
De
Luxe
BakeEnclosed
sealed metal
cases.
other makeshifts.
Jack Switches
lite Rheostats
Fitted
with
tinned
soldering
lugs.
Consists of
Cable is best grade
Jack-Boxes
3
sections
of
2
mfd.
each,
1
section
of
1,000
Gem
Rheostats
colorederedrubber
working volts;section
other two
of400600working
workBy-Pass Condensers
wire, 5 covfeet
Hum Balancers
ofmfd.,
4sections
mfds.,
long. Design of Gem
Medium Duty Filter Con- volts ingandvolts;1 1section
1
400
working
volts.
springs insures Fixed Resistances
Price: $18.00.
permanentplug,
tension.
Center Tapped Resistances
"B"densers
BloDuty
cks Filter CondensComplete
with UX
Heavy
Base Bakelite Sockets
ers
cable, $2.25.
board Socket:Base7 5c. Panel Brackets
RADIO
HEAVY
NEW FROSTPanel Socket: 75c. Hook-Up Wire
Moulded Mica Condensers
DUTY FILTER
Universal Resistance Kits
Cable
Plugs
CONDENSERS
NEW FROST-RADIO BY-PASS CONFrost Fones
Convenience Outlets
DENSERS
Designed especially
Bakelite Adapters
Eliminators, power
Designed to give
many years of
amplifiers
and
trouble-free
serNEW
FROST-RADIO
MOULDED
for use
in other
"B"
power
devices;
also
vice. Linen and
MICA CONDENSER
flax paper stock
for
use
in
mitting circuitstransand
Easily mounted anywhere because
and
highest
grade
with
other
spark
foil are used in
equipped
well designed
discharge apparlugs
and with
integrally
moulded terminal
Bakelite
building these
flanges (for subpanel mounting. I Beratus. Conservativecondensers. Con1ingtricsmalllosses.
in size
have low dieleces: .5 to 2Capacimfds.
ly tirated.
servatively
rated. Vacuumsealedimpregnated
enSeventhey capacities,
from
closed in hermetically
metal cases.and Five
Prices:
$2.0 0 to
.0001 to .008. Prices: 45c to 90c.
capacities. Prices: 80c to $2.00.
THOUSANDS

FROST-RADIO
VARIABLE HIGH
RESISTANCES

OF

SET

FROST-RADIO
GEM RHEOSTATS
"A Good Little
Rheostat'*

BUILDERS

KNOW

FROST-RADIO FIXED
RESISTANCES
Ample current carrying capacity.
Wound on flexible Bakelite strip
with die cut threads. Terminals admit of mounting either under subpanel or on terminals of sockets.
.4 to 50 ohms: 15e. 100 to 1000
ohms: 2 5c.

AND

USE

THESE

FROST-RADIO AIR COOLED
BAKELITE RHEOSTATS
Winding
is die-cut
Bakelite ofstrip
highest
quality. threaded
German
silver contact arm exerts precisely
correct
pressure
to
insure
contact and eliminate wear. All proper
metal
parts nickel-plated
andof buffed.
Hundreds of thousands
these
rheostats
are in daily
use. sturdy
Plain
type: $1.00. With Switch: $1.35.

OLD

$7.00.
FRIENDS

FROST-RADIO UX BASE
BAKELITE SOCKET
This is the famous Frost Socket
that holds all UX and CX base
tubes in bull-dog grip, because contact springs grip the tube prongs
for almost
Price:
40c. their entire length.

HERBERT
H. FROST,
INC.,
ELKHART,
IND., FillSS^cS™^
HERBERT H. FROST,
Inc.
OutCoupon
and Mail
Send 10c for the NEW FrostTodayThis
160 North La Salle Street, Chicago, III.
Radio Data Book
Send
me
your
new
16
-page
Data
Book,
containing
complete
wiring
diagrams,
Every reader of this publication
profusely illustrated Frost data and much other valuable information.
should have a copy of our new
you a professional set builder?
Book containing 16 pages Are
valuable information If not, please enclose 10c, stamps or coin.
Data
Book.
Don't day.be
without
it another
mailed upon receipt of Name
Fill out and mail
_
10c. (Sent FREE
Address
coupon now.
toset builders.
professional)
City
State
&>*"•

Radio

Broadcast's"

'T'HE table below is as complete as is possible to make
it and should be a constantly useful reference for all
radio workers. The data on some Western Electric tubes
are included because some of our readers live in Canada
and in other countries where tubes of this manufacture

Directory

of

Vacuum

are available. We have followed the RCA-Cunningham
tube terminology; other manufacturers make types of
tube similar in each class, although each manufacturer
has his own terminology. The reader who desires to use
a CeCo tube for example, need only ask his dealer or the

Tube;

manufacturer for a CeCo of the 201-A type, etc. The
same follows naturally for any of the vacuum tubes in
the classifications below made by Arcturus, Sovereign,
Sylvania, Marathon, Gold Seal, Sonatron, Kellogg,
Magnetron, Speed, and others.

4i 4 2
AVERAGE CHARACTERISTICS OF RADIO VACUUMrB" BATTERY
TUBES
'C BATTERY AMPLIFICATION
GENERAL
DETECTION
B' BATTERY
MAXIMUM
"a"
-F
A.C.PLATE MUTUAL
CIRCUIT
FILAMENT
FILAMENT
inter-electrode
GRIDDETECTOR
RETURN LEAK DETECTOR DETECTOR AMPLIFIER AMPLIFIER PLATEAMPLIFIER
CURRENT RESISTANCE
MICR0MHOS
MODEL
USE
capacities
in
mmfd.
*F
VOLTAGE
(MILLIWATTS)
OUTPUT
MENTS
GRID VOLTAGE WILLIAMPERES)
SUPPLY TERMINAL CURRENT
REQUIREfilament cold
6.6 UNDISTORIED
old UV typ VOLTAGE VOLTAGE (MILLIAMPERES) (OHMS) CONDUCTANCE AMPLIFI'TON
FACTOR
6.6
V 0 L T At L (AMPERES) LEAD TO MEGOHMS
425
C-11
ii
440
PLATE
CURR'T
jw, except
WD-1 1
15.500
*F
3 to 5
DryCellliv 1.1 .25
1.5
Detector or Transformer G F6.G-P5.5. P-F7.5
1207
90
2.5
CX-12
1.5
Sam
Storage
2
V
35
WX-12
22
\
to
45
13|
Detector or Transformer
90
15.000
CX-112A
8
30
.25
3 to 5 4545
G F 9, G-P 11: P-F7.5 Storage 6 V
7
UX-1 1 2 A 1 Amplifier Coupling
6.68 M
1,500
:
old
UV
ty!
300
tor basr
C-299
425
5.0
a
1,600
e
as
be
5.300
3W,
except
UV-199
•0.1353 JX-200 A c 5.5
or Transformer
.063
666
CX-299 Detector
Following
+ F 2 to 9 , which i 1
90 for Detect laracteristics
CeinjvV 3.0Sam .060
25
.25
7
UX-199 Amplifier Coupling G-F3.6, G-P 3 5; P-F4.5 DryStorage^
5,000
15.500
Tfanst.
or
or
connection
E CX-300A
30.000
1.5
2 to 3
20
135
UX-200A Detector Resis Coupling G-F 3.4; G-P 8-8; P-F 1.5 Storage 6 V 3 3
1
1.000
10*
180 onl)
f
apply
Detector or
725
8
1570
+ F 2 to 9 45
1.5
5.0 .25
UX-201 A Amplifier Coupling G-F5.8; G-P 10.1; P-F 6.1 Storage 6 V 5.0
9
3
800
8
55
10.000
400
G-P 0.025
CX-322 Radio Freq. Shielding
Special
Dry
Cell
aiv
135
1.5
•
45
850.000
350
UX-222 $ Amplifier Resistance
.132
18,
Audio Freq.
90
Storage
CX-322
—
—
—
3.3 .132
.3
Dry Cell 4-641 V.V 3.3
60
UX-222 J Amplifier Coupling
150.000
Storage
4-6
V.
8.2
3.5
I6j
20
Amplifier
Transformer
Transformer
UX-226 A.CFilament Coupling G-F 3-65, G-P 8.2; P-F2.1
—
9
135
1.5
1.5V.
7.56
+—F
9,400
7,400
CX-326
Type
135 {
180
2.5H 1.05
160
40 } haracteristics
2-9
875
45
157i
2
C-327 Detector A. C Transformer
7.000
Transformer
10.000
1.000
K
1.75
2.5 V.
7
90
tor Detec or connection
1.170
83
Followin ygUY-227c
UY-227 Heater Type Coup mg G-F 3.6; G-P 3.7; P-F 2.75
1,100
9.5
8.2
2
to
5
135
1
180
?
200
30
CX-340 Detector or Resistance
applyonl
22-J
G-F
3.4'
G-P
8
8
P-F
1
5
8.230
Storage 6 V 5.6 .25
150.000
8,000
800
180 J 3li3
.210
3.3
200
UX-240 Amplifier Coupling
150,000
Storage 6 V.
9
1 Power No LS.C.
7
8
120
CX-112A
5.0
G-F
9;
G-P
11;
P-F
7.5
Transformer
1.600
22
i
8
—
4.700
Amplifier
195
.125
UX-1 12 A
Required
45
3.0
Power No L.S.C. G-F 4.5; G-P 5.4; P-F 4.4 DryStorage
CellSV. 4jV.
CX-220
5.000
6.5
4 V 3.3 .132
110
UX-120 Amplifier Required
.25
Sloiage6V
6.300
1700
90
130
600
.2
CX-371 A Power except
LS.C.
135
135
330
1.360
UX-1 7 1 A Amplifier 90V at G-F 6.8; G-P 9.5: P-F 6.5 Transformer 5.0
525
20
180
1,200
30
700
2,200
2.000
10li* 2,500
88
250
11
1,500
13
1.450
Transformer
Power
350
38 0
925
6.000
7.5 1.25
1.325
1.330
G-F 7, G-P 8; P-F 7
J" CX-310
7.55 V.V.
400
UX-210 Amplifier LS.C.
1818
1.550
5,600
m
I-1
3.088
425
04
5,000
300
1.600
16
340
7.5
28
900
1.540
Power
G-P 8.7
CX-350
LS.C.
1.600
Transformer
350
1.25
u
2.000
2,350
,ES
UX-250 Amplifier
55
70
»
+F
3
8
250
1.500
16
°
7.5 V.
1.900
55
i
84
450
1.800
38
2.000
1.900
4.650
l2.100
300
1.800
2.100
3,250
2.100
3.8
fESTE RN EL ECTRI
400 C TUI
AVERAGI : CHA RAC rERi 3TICS
3
8
3.8
OF
\
1.800
Detector or Transformer
"N"
1.0 0.25
45
1.0
6
G-F 4.4, G-P 6; P-F 3.8
6.0
10
8
30O
Amplifier Coupling
0.75
2-9
215-A
2
0
20,000
Resis. or
0.97
130
500
30
4.2
102 0 Amplifier Impedance
Coupling
1.0
"L"
67
60.000
Transformer
60
980
5-6
8.0
Amplifier Coupling
9.0
216A
1.5
6,000
22.5
Transformer
4-5
130
Power orCoupling
imped. G-Fg.2,G-P3.46;P-F8£l
104"0"D
Amplifier
2O.0
5.9
4.5
130
io
Transformer
22.5
Power
"E"
I.I 00
or
Imped.
1.6
7
350
33
205 0 Amplifier Coupling
2,200
145
890
3.500 2.000
2.4
5 R.I
SPECIAL PURPOSE TUBES
35^
MAXIMUM MAXIMUM
CIRCUIT
CHARACTERISTICS
OVERALL
OVERALL
REQUIREMENTS
HEIGHT DIAMETER
Large
Filament
Terminal
Voltage..
5
Volts
Full-Wave Standard
Reclilication
CX-380 Full-Wave
Filament Current 2 AmperesrR M g Max.D.C. Output Current (both Plates)
125 Millian
Eliminators ir A.C.Plate
Rectifier Circuit
UX-280
D.C. Output voltage at Max. Current as applied to filter
UX Base
Voltage _
300 Volts j
of typical rectifier circuit
260 Volts
Large
(Max.per
Plate)
'
Filament
5 Volts R.M.S.
Filament Terminal
CurrentVoltage.
1.25.7.Amperes
Rectification
Half-Wave Half or Full Standard
A C. Plate Voltage
650.. 750Maximum
Volts
Recommended
CX-381
Eliminators in A.C.Plate Voltage.. _.750 Volts
Rectifier Wave Circui UX Base
D C. Output Current
65.. 110 Mill.am
UX-281
(Maximum)
DC.
Output
Voltage
as
applied
to
filter
of
typical
rectifiercircuH..62Q.
.620
Volts
Large
Voltage
Constant
Designed to keep output voltage
Voltage
Operating
Voltage
90
Volts
D.C.
Standard
CX-374
of
8
Power
Units
constant
when
Starting Voltage _ 125 Volts D.C.
UX-874 Regulator
UX Base
different
values orBncurrent
Operating Current 10-50 Milliamperes
are supplied
Transformer
Constant
Current
Standard
Primary
of
Designed
to
insure
constant
input
Operating
C-376
Current
Type
Mean VoltageCurrent
Drop 1.750 Amperes
Volts
Regulato:
to power operated radio receivers
useVoltson Mogul
UX-876 (Ballast
Screw Base
Device
Tube) 115lor65 Volt
Permissible Variation ilO Volts
despite fluctuations in line voltage
Line
Constant
Current Transtormeof Mogul
Standard
C-386
Operating
Amperes
Designed to insure constant input
65 useVoltson Screw Type
Regulatoi forPrimary
Current
Mean
VoltageCurrent
Drop 2.05
Volts
Device
to power fluctuations
operated radio
UX-886 (Ballast
Base
Tube) 115VoltLine
Permissible
Variation
;io50 Volts
despite
in linereceivers
voltage
Double a
nenl
Used
Protective
Voltage Drop Across
Contact
preventincB"Banery
excessivecircuits
currenttoresulting
;sD C
C-377
Entire
Auto-Type
trom short-circuit which might
Filament
TubeBayonet
5 At 20 Milhamperes D.C
damage tubes or wiring
90 At90MiHiamnpr«»<; D.C
Note : Allwithgridrespect
voltagesto cathode
are givenor
t Ul Note other use of this Radiotron above(beiow)
Except for half ampere filament. UX-1 12 and UX-1 7 1 characteristics are identical respectively to UX-112-A
a□ Outer
InnerGrid
-l'/2
Volts-,
Outer
Gnd+45
Volts,
0.15
Milliamperes
negative
filament
terminal
and
UX-171-A.
Gridthru plateVoltsscoupling
Inner Grid+22'/2 ofVolts,
6 Milliamperes
250,000
HK ....Cathode
Heater Voltage
Maximum values nottO
A$ Applied
Connection
of base forresistance
third terminal
whichOhms
isthelead
LS C.Loudorstepdown
Speaker Coupling.consisting
ofwherever
either ChokeplateCoilcurrent
and By(D-Oexceeds
Pass Condenser
or Output Transformer of !•]
be exceeded
to mid-pointto shell
of filament
ratio.recommended
10amplification
milliamperes.
M Withnot a bear
screen-grid
tube.
on
accountof
circuit
limitations.rhe
actual
voltage
obtainable
as high a relation to the voltage amplification (actor as in the case of three element
tubes.does
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On

Land,

Sea,

or

in

the

.Air

DURHAMS
are
Supreme!
— wherever the perfect operation of radio apparatus is of paramount commercial and governmental importance
— in radio transmitting or receiving apparatus — in power amplification units — in the sensitive
resistance-coupled amplifiers of the photo-electric cell circuit in Television apparatus — >
there you will find that experienced radio engineers use and endorse DURHAM Resistors,
Powerohms and Grid Suppressors ! Why? Because years of experiment have proved the
indisputable value of the DURHAM Metallized principle. Because these resistances are calibrated accurately according to their stated ratings. Because they are available for every
practical resistance purpose from 250 ohms to 100 Megohms and in power ratings. We will
be glad to send you descriptive literature explaining the entire Durham line.

RESISTORS
INTERNATIONAL

RESISTANCE

&

POWEROHMS

CO., 2006

Chestnut

Street, Philadelphia,

Pa.
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W. H. WENSTROM
Lieut. Signal Corps, U. S. A.

iHE article on the "Cornet" multiwave
which appeared in the June numT receiver,
ber of Radio Broadcast (pp. 77-79) has
evoked a number of inquiries as to the operation
and use of the set, especially in regard to the
possibility of its employment as a portable receiver. The following notes have been prepared
to answer these inquiries, and to give additional
data to those who have built the set and wish to
increase its flexibility and range as much as
possible.
Portable use: This circuit is admirably adapted
to portable use. While not as sensitive as some
multitube arrangements, it is far simpler and
more dependable. Dry cell tubes are recommended, and the construction should be made
more compact and mechanically stronger. It is
advisable to mount all parts on a heavy bakelite
panel. A single wire antenna about 50 feet long,
and made fast at the free end fairly high up on
some convenient object, is probably best. Unless
a good ground is available a counterpoise, or
insulated wire laid along the ground under the
antenna, should be used. Other things, such as
the frame of an auto, may be used as a counter-

TELEVISION is now an accomplished fact.
Experimenters will welcome the
Raytheon Kino -Lamp, the first
television tube developed commercial y towork with any system.
Uniform glow over the entire
plate, without the use of mirrors
or ground glass, gives it perfect
reproduction qualities.
Kino-Lamp is the latest achievement of the Raytheon Laboratories which have made so many
original contributions to radio
science.
Write for information
RAYTHEON MFG. COMPANY
Cambridge, Mass.
/Raytheon^
" F>tP-Cell
Available
in both bard * vacuum
and gas - filled extra sensitive
types—
sizes. Write each
us forin rwo
special specifications.

Use of dry cell tubes: Down to and including the
poise.
40-meter
band uv-199 or ux-199 tubes can be
used without any circuit changes whatsoever.
In the 20-meter band the 199 tube begins to be
rather cranky as an oscillator. Some lines of
attack on its unwillingness to oscillate are:
1 . Adjust potentiometer
2. Pick best oscillator out of several tubes
3. Connect a small condenser of "neutro"
type between plate and grid.
4. Increase tickler turns.
In general, the 199 tubes will be quite satisfactory, used with either adapters or 199 sockets.
The overall gain is something like half that of
storage battery tubes. Several 199's must be
picked over to find a really good detector which,
when found, will fall considerably below a Ceco
H or UX-200A in sensitivity. A possible combination would be a Ceco H as detector and a 199
as audio amplifier.
Coil for 200-550 meter band: A standard
Silver-Marshall type No. 1 1 i-a coil may be
used. With this coil the circuit as shown in the
diagram on page 78 of the June issue tunes up
to about 400 meters. To cover the remainder
of the band, a Sangamo 0.0001 5-mfd. fixed condenser isconnected in parallel with the condenser
marked O.

Drake's Radio Cyclopedia. By Harold P.
.Manly. Frederick J. Drake & Co., Chicago.
Second Edition, 1928. Price: S6.00
IN THE field of radio reception this should be a
useful book, but the title is misleading, for
in spite of its 920 pages, 1000 illustrations,
and 1500 subjects, it is not a radio encyclopedia.
Such a work, in any complete and satisfactory
form, still remains to be written.
"Drake's Radio Cyclopedia" is printed without page numbers, making it easy for the publishers to insert new material as it appears, somewhat at the expense of the reader who dislikes
to turn pages unnecessarily. The material is
arranged alphabetically; if, for example, you
want to read up on "Leakage Flux," you go
through the (Continued
L's until onyoupagereach
304) the desired

TUBES last longer when their filament temperature is controlled
by AMPERITE, which is the
only
self'unlike
adjusting
control.
Entirely
fixedtube
resistors.
Keeps tubes burning at their rated
voltage, despite "A" current variations— protects against blow-outs —
gives clearer reception and easier
tuning. Insist on AMPERITE. A
type for every tube— battery or A.C
$1.10 with mounting (in
U. S. A.) at all dealers.
-^^[diall Qompatty
50 FRANKLIN ST.t NEW YORK
FREE— 'A m perils
Blue Book"of new
circuits
and data.
conslruction
ipi
Write Dept. R.B.9

She "SELF-ADJUSTING

".R/tfarAtf

SO "
0

Bought Your New
Dynamic Speaker Yet?
look for
Elkon
WELL,
whentheyou
do,
Rectifier — you'll find it on
good dynamicspeakersabout
in the position shown above
and you
can't
recognize it, by
its fail
solid,to husky
appearance.
For
your own protection make
the dealer show you the Elkon
name plate on the end of the recti'
fier. You'll find it in the better
dynamic
no matter
whetherspeakers
in sets,— cabinets
or separate units.

Elkon Rectifiers
.Standard equipment on the better
Dynamic
"A" Eliminators
and Speakers,
Battery Chargers
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In the studio of station WEAF, New
York, from which
some of the most
delightful programs
are broadcast.

Clearer reception,
finer
tuning, reduced interference
with aluminum
sets.
equipped receiving
=3

Reception

as

Fine

EVERY DAY millions of families throughout
the world are listening to delightful
broadcast programs with a keener enjoyment
because their radio sets are w Aluminum
equipped."
Reception is made clearer, tuning made finer,
interference reduced to the minimum by designers who have found that this wonderful
metal meets the varied needs of radio so
admirably.
Aluminum

is the ideal radio metal because

it combines high electrical conductivity, permanence, beauty and extreme lightness.
Leading radio manufacturers recognize its
superiority. So, in many receiving sets you find

as

the

Broadcast

aluminum shielding, aluminum condenser
blades and frames, aluminum foil fixed condensers, chasses, sub-panels and cabinets.
When you see an aluminum equipped set
you will know that its manufacturer has done
everything he can to bring the true enjoyment
of radio to you — to give you reception as fine
as the broadcast.
Look for aluminum in the set you buy — if
you build a set, by all means, use aluminum.
We will be glad to send on request a copy of
the booklet, "Aluminum For Radio," which
explains in detail the many and varied
radio uses to which this modern metal is
adapted.

ALUMINUM COMPANY OF AMERICA
ALUMINUM IN EVERY COMMERCIAL FORM
2464 Oliver Building
Pittsburgh, Pa.

Offices in 19 Principal
American Cities

ALUMINUM
The

mark

of

Quality

in

Radio

RADIO
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Type

Amplifier

585

Transformers

The General Radio Company announces
a new group of high quality transformers
at a direct to the consumer price. This
new group consists of two instruments,
the type 585-D and the type 585-H, the
amplification characteristics of which are
shown below.
Type 585-D
Type 585-H

Ratio 1:2
Pri. Inductance 79 H.
Ratio 1:3.5
P"- Inductance 71 H.
Price, either type, #7.00

New Prices. Write for new catalog No. 930 listing new low prices
on all General Radio parts on a direct from the factory basis.
General

Radio

Co.

30 State Street, Cambridge, Massachusetts
274 Brannan Street, San Francisco, California

A

New
for

Radio

Corbett
and

Console

Phonograph
A distinctive Corbett design enabling the custom set builder or
dealer to offer an electrical instrument equal and in most cases superior to the highest priced Radiophonograph combinations on the
market.
The receiver compartment is a sliding tray 9x28x13^" deep. Special
panel arrangement for any circuit
or receiver will be cut out gratis,
when specified, otherwise a 7/32"
blank panel is included. Will take
RCA Xo. 18 receiver.
Model No. 150 Duo-Console
Walnut or Mahogany - S125.00
With electric motor driven
turntable and pickup - 200.00
Write for trade proposition and complete descriptive literature showing
nine new models of radio cabinets,
consoles, and combinations.

CORBETT
CABINET MFG. COMPANY
St. Marys
Pennsylvania

phrase, whereupon you are referred to " Flux,
Leakage," and have to repeat the same procedure
in the F's before you get what you are after.
The book is intended to bridge the gap between the engineer and the "radio worker" —
presumably someone who must utilize the knowledge of the engineer and must do it without
the engineer's training and characteristic lingo.
In the receiver field it accomplishes this feat as
successfully as it can be done. Diagrams are used
liberally. Although some of them are very elementary, their inclusion is justified, since the
volume is intended to help people who need it
precisely because their technical training is
meagre. One diagram shows, in illustration of
"Ampere-Turn" and "Ampere-Hour," an ammeter with the pointer indicating 1 on the scale,
a clock with the sector between 1 and 2 shaded,
and a coil connected in series with the ammeter
with one turn and three turns to indicate one
and three ampere-turns, respectively. In another
place, radio tools, including scissors, round nose
pliers, diagonal cutters, a panel hole cutter, and
a counter-sink, are shown. While such radio
tabloid stuff will not result in a tremendous demand for the book at M. I. T., it may help some
of the lads struggling with definitions which
seem obvious to a lot of people who once had to
learn them just as painfully.
Although the subject matter is not confined to
radio receivers, everything is considered from the
standpoint of a radio worker whose experience
has been confined to reception. The treatment
of television is sketchy and inferior to what can
be learned from some of the newspaper supplements nowadays. There is nothing of practical
value to the radio telephone transmitter specialist, and very little of anything in that line. Under
"Microphone" there are five lines of formal
definition, with no description of different types
or modes of operation. Four lines are devoted to
"Radio Telephony." But in this edition 56 newpages have been added on the screen-grid tube
and the practice of socket power receiver operation. This is a typical placing of emphasis in
this volume.
The treatment is non-mathematical, as would
be expected, and where algebraic formulas are
used symbols are avoided, the words being
written out.
In its class "Drake's Radio Cyclopedia" is
ahundred
worthy pages
job, except
for the
title. Either
a fewon radio
transmitter
technique
should be included in the next edition, or it
should be called " Drake's Radio Receiving
Bible Dramas. By William Ford Manley.
Encyclopedia."
Fleming H. Re veil Company, 1928.
THIS
book presents in printedon form
the nights
series
of biblicaldramasbroadcast
Sunday
through the N. B. C. system. The stories of
James of Galilee, David and Goliath, Judith,
and other notables of Scripture are told in the
form of radio plays suitable for church and social
gatherings. A few pages of "Production Suggestions" precede the actual stories. I was not
particularly impressed by the literary form of
those of the plays I heard on the air, but they
read quite well and the style partakes somewhat
of the majesty of the Biblical narratives which,
whatever you may think of the content, are not
bad epics. The book will naturally interest the
older citizens in the villages more than the metropolitan flappers who are dutifully following the
prediction
of theshall
Epistle
of Jude, walking
18^ "In after
the
last time there
be mockers,
their own ungodly lusts," but even this is not
certain, with the " King of Kings," at this writing, showing once more on Broadway.
(Continued on' page 306)
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in quality radio receivers for home

Station

use, Faradon

Capacitors play a very definite part in maintaining
satisfactory service, meriting its widespread utilization.
More than twenty years of the application of electrical
engineering skill combined with highest quality materials have made Faradon Capacitors the standard of
electrostatic condenser long life and reliability.
Our engineers stand ready to cooperate on special equipment which cannot be taken care of by the more than
200 types of Faradon
delivery.
WIRELESS

Capacitors ready for prompt

SPECIALTY

APPARATUS

COMPANY

Jamaica Plain, Boston, Mass., U. S. A.
established 1907

'far

adon

Electrostatic

Condensers

for

All

Purposes
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(Continued from page 304)
The Elements of Radio-Communication. By
O. F. Brown, with a Foreword by Admiral
of the Fleet Sir Henry B. Jackson. Oxford
University Press. New York, 1927. 216
pages. S3. 50
TN HIS foreword Admiral Jackson recommends this text on radio communication to
-I those who, like himself, have no mathematical abilities. It is not intended for radio
specialists as much as for those outside the profession who wish to gain some knowledge of radio
operations through the study of a moderately
technical work. The danger in all such efforts is
that the results will seem slight to the serious
radio engineer, even when the text used may
present grave difficulties to many of its students.
Sir Henry thinks that Mr. Brown's book should
appeal "to the public generally who wish to
know how broadcasting works without having to
study
formulae."
It seems for
'to this
the
reviewermathematical
that the book
is too technical
audience. Sir Henry's thirty-odd years in radio
work lead him to minimize many difficulties
which exist for people without his background.
Chapter 1 contains some historical treatment
of the subject which, to critical American readers,
will appear somewhat over-simplified, insular,
and not inclined to give full credit to the work
of German and American pioneers. The following
chapters discuss such subjects as high-frequency
alternating currents, transmission of damped
and continuous waves, thermionic valves, radio
telephony, and directional reception, with
considerable clarity and about the same degree
of detail with which a college text on physics
tackles the problems of mechanics and optics.
This entails some faults of omission, as in Chapter 8, where the author, after itemizing the defects of commercial carbon microphones, turns
abruptly to condenser transmitters, apparently
ignoring the existence of high quality carbon
microphones.
In his chapter on "Short-Wave Transmission
and Reception" Mr. Brown includes a graceful
compliment to the amateurs, whose work he
calls "extremely brilliant," and he goes on to
say:
little had
doubt
the measure
remarkable
results"There
of theseis men
in nothatsmall
the
effect of causing other experts to investigate and
consider seriously the possibilities of short
The last chapter, on the " Nature and Origin of
Atmospherics,"
contains
an interesting
waves."
of
the research work
of Watson
Watt andaccount
E. V.
Appleton and should be read by engineers
interested in this special branch.
— Carl Dreher.

AGAIN CeCo blazes the
/\ trail in radio engineering
achievement by introducing
the popular Screen Grid Tube
in an A. C. type: — the AC22.
The CeCo line of A. C. tubes
is most complete, embracing
practically every existing type.
CeCo Tubes are carried in stock
by dealers everywhere. Write
us for unusual and interesting
booklet entitled "Getting the
most out of your Radio"
CeCo MANUFACTURING Co., Inc.
PROVIDENCE,
R. I.

Something to Omit
Radio Commissioner, which God
I werethea first
IFforbid,
stations which I should banish
from theair arethosewhich announce grandly
at the beginning and end of each transmission
period that they maintain their assigned frequency with a quartz crystal standard. That is
as if you went to some Vice President and asked
him to give you a job because you clean your
teeth every morning with dental floss and come
poisoning policemen's
to the office without
horses or assaulting shop girls. A radio station
is bound by law to stay on its assigned frequency.
the public's
nonetheoflisteners
How it does
care,
it, for all
It canit dois surely
concern.
by hanging a piano on the aerial or uttering
prayers. The act requires no more mention than
any other act of public decency. The listeners
want entertainment; the correct functioning of
the transmitter may be taken for granted. To
argue otherwise indicates a strange misunderes. Dreher.
standing of the normal proprieti
— Carl

Eicitisivety
[rrenjed
oora'.ion under
byU.1553558
Tecn8it*yne
1034 Car103,
S- Patents
Nos.
1034 104
Control
Your
Volume!
T0NATR0L
Complete line of Volume
Controls

ngthisyour
rebuildi
inceiver.
EMake sure
OBSERV
can
youcaution
control the volume smoothly
by incorporating
and easily
Tonatrol in the circuit.
Tonatrols are the highest
opmen
conin volum
develtrols
ed ine types
and aret design
to meet the special requirements of all A.C. or conventional battery circuits.
Also furnished with filament
or power switch) attached.
Electrad specialises in a full
li?ie of controls for all radio
purposes. Write for FREE
descriptive circulars.
Dept. M-9, 175 Varick Street
New Tork

ELECTRAD
Do
You

Use
AC
Tubes?
Then you should read
John F. Rider's new book
"AC Tubes . . .

.

The firsttobook
devoted
to AC
Them
"
Use
Howproblems
tube
encountered by the
AC tube user . . . Are you having
trouble with your AC receiver . . .
with your AC power amplifier. No
matter what your AC tube problem,
you'll
the protect
solution your
in this
. . . find
It will
AC book
tube
investment . . . Learn how to use
AC tubes .... They are as good
as their DC brothers, if correctly
used. Read this book and save
money. Price $1.00.
Write for list of other books
RADIO TREATISE CO.
270 Madison Ave. New York City
MAIL THIS COUPON
Here is my $1.00 for the "AC tube
. .Rider,
. Howto tobe Use
Them"postpaid
book by
F.
mailed
in U.JohnS.
and Canada to
Name
Address
. State.
City
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NEW
WAVE

Build

this

ADAPTER
FEATURING EASY TUNING
AND SUPER SENSITIVITY

Modern

Amplifier!

AUDIO AMPLIFIER
SANGAMOSANGAMO
TYPE AJ HIGH QUALITY
san6am0 type br
SANGAMO 00025 MFD AUDIO TRANSFORMS
DynamicTuBCSFOR
push LIST
pull input
MOULDED
t t. SO transf"
UK-210 on UX-II2
WITH GRIOCONDENSER
LEAK CLIPS
LIST I
S6.S0TRANSFORMER
Push pullLISTOUTPUT
\ LIST 150
22
FREQUENCYTYPEINPUT
OCT EC TO
movable coil
onofcone
of
oynamic
Type0irect
speaker
connected
to
sangamo secondary

RECORP

LOWAVER

The perfected "High Frequency"
Converter for use with your regular radio receiver — any make. Plugs
in. No change in wiring. Change
back instantly.
Hear around the world, telegraph,
telephone, and television. Penetrates
local electrical storms, day or night.
Clear as crystal summer or winter.
Model DC for all sets using A
and B batteries or eliminators, and
Model AC for sets using the new
AC tubes, 226 and 227.
This is a wonderful proposition
for the technical dealer or professional custom builder. Sold completely assembled, unwired, nothing
extra to buy, and with full directions. Price, two or more, $12.00.
Sample, $13.00. Retails for $25.00.
Post paid in U. S. Canada and
Foreign, 60c extra. Also sent C.O.D.
upon receipt of $1.00 deposit. Cash,
money, or certified check.
Literature upon request. Our
dealers are our best reference.
RICHARDSON ELECTRIC
CORPORATION
P. O. Box 2056
Fort Lauderdale, Fla.

SILENCER
SOCKET
For
anyonewave
build-or
No. 481-XS. 65c.
ing short
regular sets, using sensitive detector or screen
grid tubes, the Na-Ald 481-XS socket is recommended. This silencer socket prevents microphonic noises and preserves the life of these
delicate tubes. Recommended in circuits elsewhere in this magazine,
Na-Ald makes a socket for every purpose,
as well as more than thirty different adapters.
Write for new catalog just off the press.
Alden Manufacturing Company
Brockton, Massachusetts

gets

the

low

notes

The up-to-date radio is using "pushpull" for the last audio stage with
two power tubes — the output going
directly to the moving coil of a
dynamic speaker. Thus ample capacity and energy for those low notes
are available. Such an amplifier
using good transformers gives a
quality of reception never attained
before.
Little expense necessary
Sangamo, manufacturers of precision
electrical apparatus since 1899, have
recently completed a line of audio
transformers and impedances which
match the various types of power
tubes now available — and which sell
at a price considerably lower than
usual for apparatus of high quality.
Included in this new "X" line is the
"AX" audio transformer which has
an extremely flat amplification curve
over the entire audio frequency band.
Two of these transformers and a
Sangamo Output Impedance to
match the power tube used form the
basis for a remarkably efficient amplifier of the conventional type.
Push-Pull Amplifiers
The circuit diagram shown above is

the latest and perhaps most satisfactory amplifier developed to date.
It will be noted that the Sangamo
Output Transformer is especially
designed for the particular power
tube used and for a dynamic speaker.
That is, the primary has an impedance to match the tube and secure maximum energy transfer and
the secondary impedance matches
that of the moving coil of the
dynamic speaker. The Sangamo Input Transformer has an accurately
divided secondary to secure practically identical frequency curve characteristics for both tubes in the stage.
Similarly
the "X" line are
found
Push-Pull inTransformers
to match
power tubes but designed for use
with speakers not of the dynamic
The
cost for the apparatus is shown
type.the
in
diagram. The approximate
cost
of
'
uilding the amplifier is only
about $25.00.
Latest Audio Hook-ups
A free circular describing Sangamo
apparatus and circuit diagrams of
best types of audio amplifiers will
be sent on request.

SANGAMO
Springfield,

aiffiSS
Illinois

RADIO
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Letters from Readers

Render's

Tone

•

lriumpH
This new Audio system
gives Set Builders a
tremendous
Advantage/
rrlURN the volume conJL trol of your set down
to a whisper .... if you
lose the bass notes — you
know the audio-system is
not what it should — and
can — be. There is a loss
of tones — vital to modern
reception.
'T'HE Remler Laboratories — identified with
J. the big developments in radio for over
ten years
a new toaudiosystem
that— have
bringsperfected
radio reception
new
standards of excellence.
Based on the proved and practical principle
of Resonated Windings- — applied in a new
and simplestructions— the
way Remler
fully explained
in our inAudio-Transformer
Team. Nos. 92(1-921-923, give a high gain and
undisputed power output that is absolutely
unequalled in any other system.
In conjunction with a
Dynamic Type Speaker— the Rembler AudioTransformer will give
your
a full, quality
undistortedset tone
that is as superior to
former reception as
the modern phonograph is to the old
time graphaphone.
Six new Audio-transformers No. 920.
Resonated Primary, first stage, 4%
to 1 ratio
$12.00
No. 921 Second Stage, 6V2 to 1 ratio. $12.00
No. 923. Output impedance compensating Transformer
$20.00
No. 900. Resonated Primary, first stage
3% to 1 ratio
$8.00
No. 901. Second Stage, 3% to 1 ratio. $8.00
No. 922. Output Transformer
$10.00
Delivery about September 1

REMLER
™
Division of
™
GRAY & DANIELSON MANUFACTURING COMPANY
260 First Street
CHICAGO
San Francisco
NEW YORK
- - ----- -- Send for Remler Literature-"——--—™
R. B. 9. REMLER Division of GRAY &
DANIELSON MANUFACTURING CO.
260 First St., San Francisco, Calif.
Please send me
I ] Literature about new parts.
[ J Bulletin
Service for Professional
Set Builders.
Name
Address
City
State
Do you build and sell sets?

Our Latest Departures
CEVERAL recent additions to the editorial
^ contents of Radio Broadcast have
brought forth comment from many sources. We
are happy to feel that our innovations are worthy
of response, and want to get as much of it as
we can — both favorable and adverse. Here's
some from Mr. Lewis S. Maxfield, of Brooklyn,
N. Y.
To the Editor:
Allow me to express my appreciation for the
series
of articles
beginning
on pageentitled
135 of "Home
the JulyStudy
issue. Sheets"
This is
something that has been long wanted and I am
pleased to see that my favorite magazine is to
publish
Let ussame.
have more of the science and physics
side of radio and less knocking of programs,
which
after all are free and if you don't like them
don't listen.
Mr. Maxfield is an engineer and physicist.
Here's what an amateur thinks — Sherwood J.
Beutler, of Buffalo, N. Y. (8-ht)
To the Editor:
I wish to commend you upon the interesting
technical articles you are publishing in Radio
Broadcast, particularly your introduction of
the
the addition
of Mr."Home
Robert Study
S. KruseSheets";
to your also
engineering
staff.
I have been active in the amateur and laboratory development of radio for the past ten years,
during which time I have reviewed many radio
magazines, but for clear, reliable technical data
I believe Radio Broadcast rates the highest of
them all.
Unfortunately, we can't exactly claim Mr.
Kruse as a member of our engineering staff, but
there are a great many more articles that he is
cooking up for future issues. Incidentally, some
of the answers to the problems in the "Home
Study Sheets" are making the Laboratory Staff
sit up and take notice in regard to such details as
neatness, clarity, and general excellence of arrangement.
Our Mistake
LARING mistakes have occurred in every
form of printed matter known, from the
famous "Wicked Bible" to the modern tabloids.
Here is one from the July issue of Radio Broadcast, in Mr. Messenger's article on the universal
set tester. Among others, VV. D. Wollaver, Wattertown, N. Y. has written to us about it.
To the Editor:
In your July issue [Page 149] you had an article
on a three meter tester and gave a diagram of the
same. I have started building the tester, but have
run up against something which seems incorrect.
The minus terminal of the socket has no connection inthe diagram.
I have not tried to work the circuit on my own
hook, as I thought there should be a connection
on the terminal. I would greatly appreciate your
help on this.
Mr. Messenger himself caught the error and
telegraphed that the connection should go from
the minus terminal on the tube socket to the
minus lead from the plug on the cable.
The American Mercury recently offered a
salary of a million dollars a year to an infallible
proof reader. All the applicants for the job were
refused, because in the very paragraph in which
the offer was made there was a typographical
error which none of the applicants caught. And
it wasn't a trick! We are in the same boat with
the Mercury. After checking, rechecking, and
(Continued on page 316)

Jenkins
Condenser

& Adair
Transmitter

For Broadcasting, Phonograph
Recording, and
Power Speaker Systems
rT,HIS transmitter is a small condenser which
J- varies its capacity at voice frequency, and
is coupledfication,
direct,
a single
stage of amplicontainedinto
in the
cast aluminum
case.
The output, reduced to 200 ohms, couples
to the usual input amplifier. The complete
transmitter may be mounted on the regulation
6microphone
or 12 v. A stand.
battery. It operates on 180 v. B and
This transmitter contains no carbon, and is
entirely free from background noise. Its yearly
upkeep is practically nothing. It is extremely
rugged, and will withstand hard usage.
Price, F.O.B.
complete
with 20 ft. shielded cable,
$225.00
Chicago.
J. E. JENKINS & S. E. ADAIR, Engineers
1500 N. Dearborn Parkway,
Chicago, U. S. A.
Send for our bulletins on Broadcasting
Equipment

NATIONAL
TUBE

REPAIRS

During mentationourand development,
long period ofweexperihave
always maintained a money back
guarantee and we have SURVIVED.
This means that we are putting honest
effort into our Products and that we
merit your orders.
We List and Price Repairs
40.00
W.
W. E.E. 211
212 -19.00
$16.50
75.00
U. V. 203A U. V. 204A 50.00
V.from
204 above
- lotlist)
(10% U.Discount
on
of 6 tubes,
These tubes are rebuilt using same type filathey had originally;
also the
tingment ascharacteristics
are maintained
the operasame.
We purchase burnt out tubes of the above
types. your rectifier troubles once and for
SOLVE
all.
RECTOBULBS
3000 Volts and 250 Mils. $ 1 5 ea.
Type 203 50 Watt Tube
$20 ea.
No charge for crating if cash
accompanies order.
Our work
guaranteed against defects of material and workmanship.
National Radio Tube Co.
3422 18th St., San Francisco, Calif.
(A Ham Institution)
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Amplification
Improved

with

Thousands

this

new

Quality

valve

use

Televocal Quality Tubes . . .
there must be a
difference ! All
standard types.
Ask for them at
dealers.

Harold P. Donle's
Latest Achievement

Televocal Corporation
Televocal Building
Dept. B-2, 588 12th Street
West New York, N. J.

The inventor of the famous
Sodion Detector valve brings
out this DA2 6-volt amplifying valve which can be used in
any type D. C. set with no
changes.

evocal
Quality

Tubes

Full size illustration of the
DA 2 amplifying valve.
Price S3. 00 each.

Amplification for both audio
and radio frequency are greatly
increased, and the quality of
your set vastly improved.
Those that have tried these
valves are enthusiastic about
them.

Here is what some of them say:
"We

seem to obtain far greater volume and clarity."

"Really, it is the most marvelous valve I have ever
come in contact with."
"I have tried two of these tubes in my regular tuned
radio frequency broadcast receiver, and I am delighted
with the increase in volume and distance obtained."
RADIO

"Received the four tubes ordered, to-day. Must say
that they even exceed all my expectations."
"It is a pleasure to report that the three tubes I received from you Saturday have increased the sensitivity
of my Hammarlund-Roberts Hi-Q to a considerable
degree. I also tried one in the R. F. stage of a Brown-

DEALERS
Send

for our catalog

illustrating the products of over 100

ing-Drake and there too, the gain was considerable."
"Excellent for low wave sets"

radio manufacturers.

If your dealer has not yet received his stock, mail orders will be
WHOLESALE

ONLY!

F. D. PITTS COMPANY
219-223 Columbus Ave.
BOSTON, MASS., U. S. A.
Established 1919

promptly filled upon receipt of check.
The

Donle

Electrical Products Corporation
MERIDEN, CONNECTICUT
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Now
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Short

ADVERTISER

Letters from Readers
(Continued from page 308)
re-rechecking diagrams and copy, we can only
make a prayer to the gods of radio and wait for
the letters to come in.

Broadcast
on

BROADCAST

As a Listener See It

Waves

THE editorial department, "The March of
Radio," has never been guilty of "kid-glove"
tactics in dealing with the politico-radio situation
in these parts. Although this policy may have
added a few sore heads to our list of readers, we
feel that the vast majority agree with us that adverse criticisms in this department are made for
the benefit of the broadcast listener. It is, therefore, particularly pleasing to quote a comment
from a Southern reader on an editorial attack on
a Southern broadcast station. The editorial deplored the fact that the only Southern station to
ask for increased power was kwkh, which had in
the past consistently ignored the orders of the
Federal Commission and employed its facilities
for the vilification of that body.
To the Editor:
1 have had occasion heretofore to express my
appreciation of your editorial policy and am
writing again for that purpose.
Your comment in the June issue [Page 69]
relative to conditions in the South and particularly your reference to station kwkh, Shreveport,
has our hearty approval. In the July issue your
frankness and fearlessness in stating the case
against the Radio Commission deserve our best
thanks.
These things, in a periodical of such high standing, and so completely expressive of radio listener
ally.
sentiment, are bound to have their effect eventuE. W. Matthews,
Augusta, Ga.

The
Aero International
Broadcast reception on short waves is
remarkably clear and free from static.
Programs are brought in from greater
distances with the utmost simplicity
of control.
You can easily assemble the Aero International.
This remarkable set if built around the new
Aero
Coils —field.
the acknowledged
in the L.W.T.
short wave
The foundationleaders
unit
for this receiver comes with holes already
drilled, assuring ease of construction and
proper
placement'of
an aidlargeto
home builders.
Aero allKitsparts.
includeAs both
schematics and actual size pictorial wiring
diagram.
Ask your dealer for a complete Kit of all parts
for
Aerous,International.
you,thewrite
giving his name.If he can't supply

Reception
Marvelous tone quality
from the lowest to the
highest note when your
Power Amplifier is

The New Aero
L. W. T. 12 Coils
/

equipped with a Potter
Condenser Block.
No.
T2900

\

Convert
Your Present
D
•,
Build the AeroandShortreceiver
Wave
AcCcll/cr
Converter
short wave programs on your present set. No
extra tubes needed. Just plug into detector
socket of your set. Ask your dealer for comWe have comor write
plete KitKitsofforparts
plete
shielded
grid,us.A. C. or D. C.

lgl& INCORPORATED
Dept. 109 4611 Ravenswood Ave.

a Daven

Television Receiver
Complete Essential Kit, $60.00
with firstcither
T-36Furnished
or T-48
THEScanning
complete
Kit.
Disk,T-14,Motor,
Bushing,
Rheostat,
Daven
Television
Tube,
Building. Stages of Daven Television3
Complete
Amplification and Instructions for
Daven Television Receiver, Complete,
including Television Tube — $100.00
(Less amplifier Tubes.)
DAVEN TELEVISION
APPARATUS
Daven Television Scanning Disks
14 apertures (T-24)
36 apertures (T-36)
48 apertures
(T-48)
Daven
Special Television
Amplifier (3-T)
Daven Hi-Mu
Special tubes
Television
(4-T) for Two
and twoAmplifier
power tubes
(171, 110 or 150 types)
17-50
Daven Television Tubes — 10 to 80 milliamperes —
Striking
voltage
150.
Plate
\%
11%
11.50
Daven Television Motor
15.00
Daven
Bushing
tofitX,
^ands/sio-ch
motor
shafts
1.00
For
aperture disk
3-50
Daven48 Rheostat
3-50
Daven Television Photo Electric Cell ij<-inch bulb. . 10.00
Daven
Photo Electric Cell 3-inch bulb. . . . 37-50
Daven Television
Resisto Couplers:
1st stage No. 411X D-411XI
xnd stage No. 411X D-411XX
3rd
stage No.are 413X
x Glastors
used forD-413XX
resistance
1.15
xx
Super
Davohms
and Glastors
in Grid . . 4.65
Daven Mu-10 Tubes forin Plate
Amplifier
Stages
1.15
Daven AC-71vision
for output tubes inlamps
scries with tele- 3-5°
Daven AC-10 (brighter illumination). 9.00
Write for Television Booklet
THE DAVEN CORPORATION
175 SummitAmplification
StreetSpecialists
Newark, N. J.

Improved

Uses Aero Coil
L.W.T. 10 Kit
Ifforyou
wish
purchase
onlyorder
the the
AeroL.W.T.
Coils
this short towave
receiver,
10 Kit. The price is $10.50. These coils are
designed to be used with our foundation unit.
If you prefer to furnish your own foundation
unit, order the L.W.T. II Kit, price $1 1.50.
This Kit includes mounting base.

Here are12 the
— thein
L.W.T.
Kit. newest
These Aero
coils areCoils
small
diameter,
providing
a
much
smaller
external field, and improved efficiency. Order
this Kit if you want the very maximum
results from your short wave receiver.
Consists of three Aero Interchangeable
Coils
base mounting with Primary
Coil. and
Price, $12.50.

Build

Chicago, 111.

$20.00
Highly Efficient — Long Life
The Choice of Leading
Radio Engineers
Ask your dealer for full information
POTTER
MFG. CO.
North Chicago, Illinois

Parts lor New Radio
Broadcast Circuits
We supply all parts for the leading circuits
radio published here and elsewhere. Send
us your orders for quick service.
New Fall Radio Guide
The big Barawik Radio Guide boob is used by
hundreds
of thousands
radio enthusiasts.
It's
the
handiest
and most ofreliable
radio reference
guide,
and aBarawik
big money-saver.
by utilizing
service. Keep up to date
It tion
shows
pagesnewest
repleteandwith
about the
mostreliable
advancedinformaideas
intheA-Clatest
radioimprovements.
development, Itdescribes
illustrates
will beepand you
posted
on what's up to date.
Standard Discounts to Dealers, Set
Builders, Agents.
It will
payfor you
topopular
get our
pricesfeatured
for com-in
plete
parts
radio magazines. the
Whenever
a circuits
new circuit
appears
for
whichthey'll
you want
complete"
parts,to write
or wire
us
and
be
on
their
way
you
quicbly.
We bnow what parts to send you. Simply give
name of circuit and we'll
care ofyouthea rest.
We take
guarantee
big
saving on every order.
Send Cor Free
GetCopy
our Now!
new radio
catalog to-day before you
spend
another
the
and cent.
free Mail
copy
will coupon
be sent you.

129 Canai Sta.
U- S.Copy
A.
Mail This Coupon Now! Chicago,
For Free
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Here's
the
Answer
to every question about the
principles, methods, or
apparatus of radio transmitting and receiving.
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HAMMARLUND'S
New

"Battleship"
MULTIPLE

CONDENSER

THE
RADIO
MANUAL
A Complete Course in
Radio Operation
In a Single Volume
A Handbook
for

Licensed under
Hogan Single'
Control
Patent
2,014,002
andNo.Patent
Lowenstein
No.
1,258,423

Prepared by Official
Examining Officer
The author. G. E. Sterling, is Radio Inspector
and Examining Officer, Radio Division, U. S. Dept.
of Commerce. The book has been edited in detail by
Robert S. Kruse for five years Technical Editor
of QST., the Magazine of the Radio Relay League.
Many other experts assisted them.

H Chapters Cover: ^nSt
tors and Generators; Storage Batteries and Charging
Circuits; The Vacuum Tube; Circuits Employed in
Vacuum Tube Transmitters; Modulating Systems;
Wavemeters; Piezo-Electric Oscillators; Wave Traps;
Marine Vacuum Tube Transmitters; Radio Broadcasting Equipment; Arc Transmitters; Spark Transmitters;
Commercial Radio Receivers; Radio Beacons and Direction Finders; Radio Laws and Regulations; Handling and Abstracting Traffic.
before available such
ntinn asnevera compiete
InfnrmUUOn
Npill inwrm
i\eil/
on
descripti
Transof the Western Electric 5 Kilowatt Broadcasting
mitter; description and circuit diagram of Western
Electric Superheterodyne Radio Receiving Outfit type
6004-C;
Spark Transmitter;
etc.; etc. Navy
to thet minute.
EveryStandard
detail up2-Kilowat
Free Examination
"The
the press and
will be
ready Radio
shortly.Manual"
Over poois now
pages.on Profusely
illustrated.
Bound in Flexible Fabrikoid. Regular price after
publication will be S6.00. Orders received now will
be acceptedlowat price
the special
— an
amazingly
for the advance
best Radiopricebookof $4.95
available.
Send for free examination. Pay or return in ten days.
Order on This Coupon
D. Van Nostrand Co., Inc.,
8 Warren St., New York
Send me as soon as published THE RADIO
MANUAL for examination. Within ten days
after receipt I will either return the volume or
send you $4.Q5^the special advance price.
(Radio Broadcast 9-2
Name
St. &No
..
City and State

Good

Circuit
Deserves

it!

RUTE

Students
Amateurs
Operators
Inspectors
For the first time an
entire course of trainbook — and
the
mosting in one
complete
up-to-date work on
'4f ■ By radio. Developed
,jBp^^^
simply and clearly
F W^r^ from
stage therightelementary
through
all phases of principles, practise,
and apparatus so that a beginner
with no knowledge of electricity
may [get all he needs either for
amateur operation or to qualify
for tora orgovernment
inspecter. license as opera-

A

TWO
THREE
and
FOURGANG
MODELS

strength and beauty of design characterize the new Hammarlund "Battleship"
B
Multiple Condenser — leader of the gangs.
Warpless, die-cast frame; plates permanently aligned; free-moving rotor. Terminals mounted on Bakelite strip beneath
the frame.
The sections of this condenser are matched
to within one-fourth of one percent (plus or
minus) — the closest precision obtainable.
Recesses in the frame permit the direct attachment ofHammarlund Equalizing Condensers for exactly balancing each unit.
The shaft is for strength, turned down
to lA" at dial end.
Obtainable in two capacities (350 mmfd.
and 500 mmfd.) — dual, triple and quadruple
models.
If your dealer can V supply you, write direct to
us. Ask for Hammarlund literature.
HAMMARLUND
424-438 W. 33rd St.

MFG.
New

CO.

York, N. Y.

ammarlund
PRECISION
PRODUCTS

4TH EDITION
Just Off Press
RADIO THEORY and OPERATING"
by Mary Texanna Loomis
The standard radio text and reference
book of America. Nearly 900 pages,
over 700 illustrations, flexible binding.
PRICE $3.50— Postage Paid
For sale by hundreds of bookdealers
throughout America and many foreign
countries. Or may be purchased direct
from the publishers. Send check or
money order to
LOOMIS PUBLISHING COMPANY
Dept. 10
Washington, D. C.

Fahnestock

Clips

RADIO'S GREATEST CONVENIENCE
Used by Manufacturers of Standard Sets and Parts
— and by Manufacturers of High Grade Wet and.
Dry Batteries.
ALL GENUINE
FAHNESTOCK
CLIPS
bear our imprint on the thumb
piece of the clip.
WORLD'S LARGEST MAKER OF CLIP TERMINALS
48 different sizes and styles to meet all requirements.
Send for Catalog and Samples
FAHNESTOCK ELECTRIC CO.
L- I- City
Nevr York

RADIO
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transAformer
A

ADVERTISER

and

FILTER

Tobe TransAformer consists of a step down transformer and a 3
ampere rectifier unit completely assembled in one unit. Fits neatly
on top of a Tobe "A" Filter as shown.
No wiring required, just plug into the
house supply.
- •- ■
The Tobe "A" Filter and the Tobe TransAformer make a good, complete A Supply.
The same Tobe "A" Filter attached to any
good two ampere charger such as a Tungar,
Rectigon or even a good Electronic charger,
will make a complete A Supply.
Tobe
"A" Filter
$18.00
Tobe TransAformer
5.00
Tobe A Supply includes Tobe "A" Filter
and Tobe TransAformer, completely
wired and assembled, 8 tube capacity
TOBE

DEUTSCHMANN

CO.

Canton, Massachusetts

NATIONAL
HIGH VOLTAGE POWER SUPPLY

TELEVISION
is now ready for home use. We are
equipped to furnish all necessary parts.
Complete details and price list shown
in our catalog. Take advantage of
this great opportunity by writing for
the NEW
It's
FREE. ROWAN CATALOG today.
WALTER
ROWAN
CO.
833 Washington Blvd., Dept. 199
Chicago, 111.

ELECTRIC
PICKUP

Sendrfor

All the latest developments of
the 1929 season are fully described inour NEW FREE catalog. Lowest prices on all nationally advertised kits, sets,
accessories, cabinets, etc. Get
the BEST in RADIO— at the
BIGGEST SAVING.
Complete stock carried. No
shipping delays. Write for Catalog TODAY.

33.00

Price $5.00
Here is an improved type of Electric Pickup for electrically reproducing music from phonograph records
through radio sets or power amplifiers. Fits A.C. or
D.C. |sets with TJX or UV sockets. Comes complete
ready to work and is sold with a money back guarantee.
Na-AId also makes a complete line of sockets, adapters
and power amplifiers. Write for complete catalog.
Alden Manufacturing Company
Brockton
Massachusetts

Professional Set Builders
and Dealers/

Type 250AB-300 volts for 2-UX250
Tubes, all other voltages for plates and
supply for A. C. Tube filaments.
List price, less tubes, $70.00.
Type 21OAB-450 volts for 2-UX210
Tubes and all other voltages, as above.
List price, less tubes, $85.00.
Write for bulletin 130-B.
NATIONAL CO. INC., MALDEN. MASS.

WESTERN

RADIO

A'erovox Condensers and Resistors .have been firmly established as The Specified Products
by.
the more . discriminating
manufacturers.
Write for the Research Worker,
a free monthly publication that
will keep
you abreast of Radio's
latest
developments.

M \ ^^t^^^^m ' ' liuill Better"
" .' • IP'WMfelagton St, Brooklyn, N. Y.
Why not subscribe to Radio Broadcast? By the year only $4.00;
or two years $6.00, saving $2.40. Send direct to Doubleday,
Page 6? Company, Garden City, New York.

1929>Catalog
The NEW 1929 catalog is crammed full of the
FINEST, NEWEST, Nationally known A. C.
sets, consoles, cabinets, dynamic speakers, kits,
eliminators and accessories at LOWEST
PRICES. Largest stock of radio parts. Prompt
delivery. No delay.
Write for our FREE catalog
WESTERN RADIO MANUFACTURING CO
19ft W Lake St.
Dent. RB-9
Chi
'j&BigFriendly

Radio

Hous

Commercial Radio Institute
(FOUNDED 1920)
Resident School Only. All Branches
Taught. Laboratory. Workshop. School
ThoroughlytificatesEquipped.
GraduateClasses.
CerDay and Evening
FALL
CLASSES
SEPTEMBER
24th.
Literature.
10 East Centre Street, Baltimore, Md.
Getting the Most Out of Your Rftdlol
No matter
if your setproduct,
is home-made,
custhere are operdozentoms ofbuilt
littleorwhichfactory
items
in installation
ation
determine
betweenandaverage
and wonderful results. Invest a quarter in
"The Gateway to Better Radio" and know
you enjoy the best. Your dealer has your
copy orCLAItOSTAT
order direct MFG.
from CO., Int.
Resistors
. Specialists
X Sixthin Variable
St Brooklyn
N V
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PF-250
Power

Transformer

UX 250 Power
Tubes
for
A husky transformer built for doing the
job, not for looks. The PF-250 is rated at
1200-600 volts plate, IVs, volts power tube,
7^ volts rectifier tube filament. Center
taps are provided on each of the filament
windings. Continuous rated capacity of
plate windings, 160 MA., continuous rated
capacity of each 7'2 volt winding,
3 Amperes. DC plate output with
two UX 281's full wave, up to
450 volts with sufficient excess for "C" Bias.
Ask for Bulletin No. 1033 describing
fully the PF-250.
Price, each — #30.00
Slightly higher West of Rocky Mountains

American Transformer
Transformer Builders for more than 2S Co.
Ye f
\281 Emmet St.,
Newark, N. J.

ATTENTION!
B

Eliminator
Constructors
Owners

Solve all B eliminator problems.
Stop motor boating.
Improve your B eliminator.
Learn how to adapt your B eliminator to
various receivers.
Learn how to calculate B eliminator resistances.
Get the most out of your B power unit.
JOHN F. RIDER'S
"Laboratory Treatise on B Eliminator Design and Construction"
is the most modern and up-to-date book
on B battery eliminators — written expressly for the B eliminator constructor
and owner. 88 pages 85 x 11, 71 illustrations. Every phase of B eliminator
operation
is considered.
Every
B eliminator constructor
and owner
should
have
one— Price $1.00.
This booh will save yoti money!
RADIO TREATISE CO.
270 Madison Ave.
New York City
■■ MAIL THIS COUPON
Here
my SI.postpaid
00 for theto "B Eliminator Treatise"
to be ismailed
Name
Address
City
State.

PRODUCTS

QUALITY

Loud

Speaker
— a new

Dongan

Filter

Product

Specially Designed Choke
Coil and Condenser
Assembly
Filtering out those high notes, which
merely spoil otherwise good reception,
the new Dongan Speaker Filter adds
greatly to the volume of the proper tones
and at the same time prevents overloading of the loud speaker. By adding the
ingenious Speaker Filter to your Receiver you instantly improve the quality
of the reception.
Set Manufacturers and
No. E-104
Custom Set Builders
Loud Speaker Filter a specially
designeddenser
Choke
Coil
and
ConYour
problems
in regard to any phase of transAssembly. Designed to
former or condenser design or operation can be
cut off at 5000 cycles. Orders
solved quickly in our laboratories. Dongan Apfilled now — write or wire.
proved Parts include all the latest features of the
season. Arrange now for deliveries as you require
$3.00
them.
Send for re-print of interesting article on
No. 250 power amplifier unit.
No. 1177
No. 7568
FILTER CONDENSERS
A splendid straight power
9Built
typesin ofallFilter
Condensers.
Designedficationforusingfull
wave
recticapacities for use
amplifier output transformer
two UX281
with filter circuits and power
similar rectifier
tubes toor
designed
use with
250 P. A.for Tube.
One UXof
amplifiers.
Exceptionally
supply B. and C. power to
several power supply and
high ent
insulation
and
permanreceiver and power for two
stability. For either
UX 250 tubes. Use one No.
output transformers
gaseoustifier ortube. filament type rec6551
circuit.double choke in filter
$12.00
$1.50 to $7.00
Also
By-Pass
Condensers
$13.50
and Condenser Blocks.
DONGAN

ELECTRIC MANUFACTURING
2991-3001 Franklin Street
Detroit

BROWNING
Audio Frequency
Transformers and Chokes
There is a Ferranti for every audio requirement. Each unit is built to the
highest standards and tested to 1,000
volts throughout.
The 1928 Ferranti Year Book contains
60 pages ofstructions
helpful
information,
infor building
receivers,with
power
amplifiers, etc.
Mailed anywhere for 15c in coin,
stamps not accepted.
FERRANTI, INC.
130 W. 42nd St.
New York, N. Y.

CO.

-DRAKE

Plans for the coming season
are now ready for dealers. A
wonderful new line of re
ceivers, loud speakers and kit
parts has just started Browning-Drake on its greatest year.
BROWNING-DRAKE CORP.
CAMBRIDGE, MASS.
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720

"Screen

710

"Sargent-Rayment

740

and

LL of them are winners! We

Grid

740-A.

C.

Six"

Kits
Seven"

"Coast-to-Coast

have one of the largest stocks in the world of

S-M kits and parts — as well as of all other lines known to the set building
trade. Send for our free catalog showing wholesale prices on all the latest parts,
kits and A C sets.
Allied Radio Corporation is the headquarters for 1929 Laboratory

Super Parts.

Ask us for data sheets on "Round the World" short wave kits, S-M
other popular circuits in which S-M quality parts are specified.
ALLIED

RADIO

CORPORATION

*

711

W.

Lake

Unipacs and

St., Chicago,

111.

The New
S-M720

720
"Screened
Grid Six"
Complete parts for the famous
720 "Screened Grid Six" receiver
now in stock. Get our special
prices to Professional Set Builders and Dealers.
TELEVISION!
Write for our very latest literature on TELEV I SI ON. The
newest developments as shown
in our catalog will surprise you.
Our 1929 Catalog!
All the latest developments including Television, described in
our NEW FREE 1929 Catalog,
just completed. Lowest prices
on all new kits, sets, accessories,
cabinets, etc. Get the BEST in
RADIO—AT THE BIGGEST
SAVING. Complete stock carried. No delays. Write for catalog TO-DAY.
Walter Rowan
Co.
Dept. RB-9
833 Washington Blvd.
Chicago, 111.
Order your copy of Radio Broadcast from your
news dealer or radio store. Make sure that he
reserves a copy for you each month. If your
favorite radio store does not stock the magazine
write us giving name of radio dealer and address.
FOR
SALE
Western Electric Tyre one naught six, a one
thousand Watt Transmitter complete, wi th remote control, studio and speech inputs. Antenna system with eighty foot towers. Spare
parts, etc. Less than year old. Inventory
upon request.
Box 2, Radio Broadcast, Garden City, L. I.

All Silver-Marshall Kits and
Parts in Stock
S-M 710 Sargent-Rayment

Seven

1929 Screen Grid Laboratory
Model Receiver
All other Standard Kits and Parts
Write us today for complete information on any
hits or parts in which you are interested.
Full discounts allowed.
RADIO SERVICE COMPANY
Distributors of the Best in Nationally
Advertised Kits, Parts and
Accessories
Department R
P. O. Box 34
Knoxville, Iowa

RADIO
PANELS
BAKELITE— HARD RUBBER
Cut, drilled and engraved to order. Send rough sketch
for estimate. Our complete Catalog on Panels. Tubes and
— all of genuine Bakelite or Hard Rubber — mailed
onRodsrequest.
STARRETT MFG. CO.
521 S. Green Street
Chicago, 111.
This is a good time to subscribe for
RADIO BROADCAST
Through your dealer or direct, by the year only $4.00
DOUBLEDAY, DORAN & CO., INC. GARDEN CITY, N. Y0

S-M

720 Screen

Grid

Six

We are one of Silver-Marshall's oldest
and largest distributors. Let us tell you
about the new S-M 720 Screen Grid Six
and other S-M kits and parts. Our large
and complete stocks insure immediate
shipment — service that is the life saver
of the custom-builder.
DEALERS and SET BUILDERS:
Write for our catalog, and for information on our full line of up-to-theminute kits, parts, and accessories.
Maximum discounts allowed. Get acquainted with real service.
CLARK

&
TILSON
INC.
Specialists in High Quality Parts
122 Chambers St., New York, N. Y.
Let yourself in for the funniest of novels.
Write for a list of the works of
P. G. WODEHOUSE
DOUBLEDAY DORAN

ROBERT S. KRUSE
Consultant and Technical Writer
103 Meadowbrook Road, West Hartford, Conn.
Telephone Hartford 4S32T
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Wholesale

Distributors

QUICK
Get your Silver-Marshall Parts from W. C. Braun
Company
We are wholesale distributors for all Silver-Marshall products,
goods in the country — the lines of the leading manufacturers of
sets, parts, kits and accessories.
shown and catalogued on the four pages in the Silver-Marshall
section of this issue of Radio Broadcast. Also complete parts
Mail orders given special attention. We are fully equipped to
for set builders of the 720 Screen Grid Six Receiver. A complete
serve dealers on mail orders promptly and efficiently. Our new
stock of parts is on hand for immediate shipments to fill dealers'
dealers'
catalog lists over 4000 items in radio, electrical goods,
requirements anywhere.
sporting goods, auto supplies and allied lines that keep the
Everything in Radio
dealers' business humming twelve months of the year. Write
We carry the largest and most carefully selected line of radio for free copy of this catalog on your letterhead and learn about
our successful dealer plan.
581
W. Randolph St.

ILLINOIS

ANNOUNCING
Mail
From

Order

Service

the Best Known

Radio

House

New

in

York

All Popular Kits
Immediate Shipment
The New S-M 720
OUR stock is complete — we have all of the new
S-M kits and parts as well as practically
every other part and accessory on the market. And, we make immediate shipment — 24 hour
service.
Send us your orders for the Fastest Service West of
the Rockies — you'll be a regular customer from then
on.
acquainted with "The Radio Parts Jobbers"
of theGetNorthwest.
SET BUILDERS: Write for our catalog and
discount sheets. Maximum discounts to all dealers.
WEDEL COMPANY
Established 1888
520 Second Avenue
Seattle, Washington

S-M 720 Screen Grid Six
S-M 740 Coast to Coast Four
S-M 710 Sargent-Rayment Seven
S-M 730 Round the World Four
All Other S-M Kits and Parts
We are pleased to announce the addition of a complete mail order department, to better serve
the interests of the dealers and set-builders of the entire United States and Canada, to whom quick
and reliable service is a dire necessity.
Our large buying resources and a complete up-to-date stock, allow immediate shipment of all
S-M kits and parts and other popular kits.
Send for our free mail order catalog at once, and become acquainted with the excellent service
we can give you.
ROYAL-EASTERN
16 West

22nd

Street

ELECTRICAL
-

SUPPLY
New

York,

CO.
N. Y.

Get the Thrill of Real DX
Improves any set.
Easy to install.
: REPRODUCES actual sanding of expert
operators. Sends messages, radiograms
etc. — regular code traffic at any speed .
You "listen
and learn.
" No byexperience necessary.
Endorsed
U.S.
and leadingrWireless
Schools.
Complete setNavy
of Record-Tapes
or Morsei
Piwnograph
furnished
with brings
the Teleplex.
"
code
the Remen
thrill
DX.Motor
Write for booklet B.only
R. theTELEPLEX
CD., 7G youCortland
St., N.of T.realC.

PER-CON
pi.

Neat, compact, durable.
Moderate in price.

"The Perfect Contact Radio Ground"
Patent Applied For
MFG. CO.
Richmond, Indiana
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Replace Your
Old Radio!
Your radio may seem to be pretty
good — but you will not be satisfied when you hear the new, improved, full-toned Crosley sets.
Few radios at any price combine
ALL the following features which
are so necessary to the fine radio
reception you may have today.
Crosley gives you them ALL at
the world'sHie Crotlry
lowestRadio prices.
Corpora Hon

New

BROADCAST

ADVERTISER

AC

eledric

receivers

repl
*0 a„5 ,r'c ft .
- ''Hilt °!*">*ble

AMPLIFICATION
■NeutrodyneMMO'lO'lflOO
Other systems 5 "5 *5=125
CroslcyMios tune efficiently
Crosley Radios
tune efficiently
The Crosley neutrodyne circuit is sharp, sensitive and
selective. Farms and homes
remote from
broadcasting
stations
will welcome
the
great number of stations avai
able with these new sets.
Crosley Radios are shielded
Each element is shielded from
each other. This improves the
efficiency of the set. Stations
close together are easily separated. This feature is featured
in the most expensive radio.
Crosley Radios are selective.
In the lower end of the dial
where stations are crowded
together you will appreciate
the selective qualities of Crosley radio. You only listen to
ONE station at a time with
Crosley.
_j — - — j I
Crosley Radios
have volume
The volume of Crosley
Radios is phenomenal for
the slight amount of battery
or AC current consumed.
The volume may be increased tremendously without distortion.
Crosley Radios can be
softened to a whisper
The volume control of Crosley sets is so positive that
the operator may cut any
broadcast program down
to faint and scarcely audible reception.
Crosley Radios fit any
kind of furniture
Outside cases of Crosley
radios are easily removed for installation
into any type of console
cabinet. Such installations are quickly made.
Any one the least bit
handy
with tools can
make them.

Genuine
Crosley

6 lube

Neulrodyng

GEMBOX

j

Self-contained AC electric receiver. Utilizes two radio, detector, two power and a
rectifier tube (171 power output tube).
Operates from 110-volt 60 cycle AC home
lighting current.
Try this amazing set. Prove to yourself on a 5-DAY FREE TRIAL IN
YOUR OWN HOME that no radio that
approximates Crosley price can compare in performance. Why pay higher price?
This wonderful little Gembox
designed to use the new and
tounding dynamic
DYNACONE
the Crosley power speaker, which
is radio's greatest development
this year. A genuine dynamic
speaker selling for $25 equals
ANY in pure realistic tone — unmatchable in price.
5 lube dry cell operated
BANDBOX
Jr. $35.
Uses 199 tubes with 120 power output tube.
Drain on No. G dry cells economical. Ideal set
where recharging of storage
batteryn i ise n inconve
t.
Uses type D
Musicone for
speaker «

no.
1 cannot Joc^Ba
., nd
"sbo
icon
x e [ f J 'ave checked.
box PI»Jr. [ I
"range for FREE f fr?,8'^ Ba
^alnder
i~ P,ease
home of the r . DAVTRI
Showbox fj R:wsibox.f.i AI
Gembox f , ,°S,ey Radiol^"" ^yow"

fowel Crosley, Jr p "

P"di
Ce*do o
"*
B«'ncl„de ^tube
Crosley ra
s
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PACKARD

SUPER
99
Direct

From

Our

8-

ELECTRIC

$250

RADIO

A.C.
SET

$

Factory

Today's greatest radio! A
$5000.00
truly sensational offer!
CASH BOND
to Back Our
The Eight-tube Packard
GUARANTEE
A. C. Electric Radio — a
regular $250 set — shipped
to any home in the U. S. at direct from factory
price of only $99. And to prove our claims we
will ship this set to your home on

fliP

The PACKARD
Engineers
have invented this most unusual, powerful SUPEREight Tube Radio. Astonishing volume and tone quality. Remarkable selectivity and long-distance reception. Leading radio engineers unanimously agree that
there is no better radio made — regardless of price.
Let us prove this by shipping a set to your home on 30
days' trial. Examine the set from A to Z. Let the most
exacting critics pass on its merits. And if, after the 30
day trial period, you are convinced that the Packard
Eight-tube Electric is fully the equal of any console
radio set selling up to $250 — then, and only then, need
you decide to keep it at our factory price of only $99
— otherwise, return it.
This marvelous set combines every new scientific development inreceiving sets — possessing beauty, refinement, durability. Gets everything on the air from coast
to coast — from Mexico into Canada, loudly, clearly,
and distinctly. Only one dial to tune in all stations.
You

Save the Jobbers', Dealers1
and Salesmen's Profits
The PACKARD Radio is shipped direct from our factory.
All the in-between profits are deducted from the price of the
set and instead of paying $2 50 you pay only $99. Quantity
production, economy in selling, and only a small profit
for the manufacturer makes this astounding offer possible..
MAIL

COUPON

NOW

Packard Radios are also
made for BATTERY OPERATION
PRICED AS LOW AS $53

FOR

30 days9 free trial offer
Don't ation
missaboutthis
for complete
informthe opportunity.
PACKARD A.MailC. —coupon
8 TUBEat once
ELECTRIC
RADIO
and
our
liberal
30
days'
free
trial
offer.
No
obligation
on
your
part.
Our
$5,000.00 cash bond backs up our guarantee.

a Packard Radio Company
go■ 3112323 Milwaukee Ave., Dept. 530 Chicago, III.
-| I am interested in Packard Radios and your $5,000.00
Bonded
30 days' free trial offer and guarantee. Send
■H full
details.
|■ Name

PACKARD

HI

2323 Milwaukee

Ave.

RADIO
Dept. 530

CO.

Chicago, III.

Address.
City

State.
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8-80
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Out
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Year

/■SCREEN

TUNABLE

ID
GRES
[I UB
TT

Selectivity

Round

I.F STAGES

Plus

Marvelous

Tone

Quality

Distortion
Without
Amplification
High
JUST another super? Decidedly not! The Lincoln 8-80 is Iutionary Clough System to the fullest extent, gives it infinitely
not even similar to any super heretofore offered. We chal- better tone, far more volume and less distortion than any other
lenge the whole world of radio engineers to point out any type of transformer can possibly provide. The effective transone receiver incorporating the many advantages and new prin- formation ratio per stage — exclusive of tube gain — averages 4.4
ciples unique to the 8-80. IT IS NEW and different from the to 1, 50% greater than that of any other and more expensive
antenna
to the loudspeaker
tip jacks — a new
screen- transformers,
and with
all this
— true reproduction, fidelity of
grid
first binding
detector,posta radically
different three-stage,
screen-grid
tone, and positively
uncanny
realism.
intermediate-frequency amplifier and a revolutionary audio Even in appearance, the 8-80 is far ahead of any factorysystem. \et it is remarkably simple, more beautiful and goes built receiver at anywhere near its price. The beautiful Lincoln
togethera radically
easier thannewanytriumph
other setof you've
ever seen.
It stands
112 two-tone
shielding
($9.25time
additional)
alone,
engineering
based on
sound the
completedmetal
receiver
and atcabinet
the same
provideshouses
100%
common sense.
perfect shielding.
The remarkable new Lincoln screen-grid, intermediate-fre- It is ALL of these features that make the 8-80 the sweetest
quency amplifier is the secret of the astonishing performance super you've ever tuned. And that is positively what it is! In
of the 8-80. Gone are the well-meant but clumsy methods of the Lincoln offices in a reinforced steel and concrete building —
the past —that
complicated
trans- brings
the mostin difficult
type for
reception
— the 8-80
formers
are never shielding
matched "laboratory
when the matched"
set is finished,
stations 2000
milesradiodistant
at night,
and consistently
400 miles in
matched sets of tubes, and all of the heretofore "necessary daylight! And this is done in Chicago, through a barrage of
evils"
from has
whichsubstituted
you tried inin their
vain toplace
obtain
real reception.
thirtyinside
or more
high-power
localPittsburgh,
stations and
with only
a 15
Lincoln
tunable
I. F. stages, foot
antenna.
Nashville,
Shreveport.
Atlantic
screen-grid tubes, and a minimum of scientifically designed City, Dallas, New York City, all come like locals, and most of
shielding that is a component of the parts, far more effective yet them with no antenna at all — only a ground connection. Stascarcely noticed.
tions from all points of the compass will fill your log night
After you have built the Lincoln 8-80 you turn four little after night,
knobs on the intermediate transformers, just as you would Xhe price of the compiete kit for the 8_80 is §92.65. And the
tune an ordinary T. K. F. set and in a few seconds you have set you bu;id from it WJJ1 give these same results, for every set
overcome the greatest fault in super construction. You actu- built tunes easily
positively to peak efficiency, thanks to
ally peak the transformers yourself to the point where they the new principie ofandWilliam
H. Hollister— an old-timer in the
operate at greatest efficiency for you, not m a laboratory test game who demonstrated "wireless"
college professors before
outfit, but right in your own set you compensate entirely tor Marconi first bridged the Atlantic. to And
all his experience,
every difference in wiring and tube characteristics— impossible ranging over a quarter of a century, has gone into the 8-80.
with other transformers. Though perfectly matched, the shield- jt OUGHT to be some set AND IT IS!
ing is so well designed that with correct voltage the 8-80 canand means
will notthat
squeal
LINCOLNRESULTS
GUARANTEES
8-80 WILL SUPER
GIVE
ation.not oscillate
All this
now or forhowl—
the perfectly
first time,stable
you opercan BETTER
THAN ANY THAT
OTHERTHEEIGHT-TUBE
build a receiver that will start right out bringing in distant YOU CAN BUILD,
stations, one after another, 10 K.C. apart, with no squeals and
no interference and yet retain all of the side bands for perfect If you want an evening full of straight-from-the-shoulder
tone quality.
super-heterodyne dope written by an engineer who has played
Not only in selectivity and quiet operation is the Lincoln with every super going in the last few years, send 25 cents for
8-80 supreme. Its new audio transformer, utilizing the revo- William H. Hollister's "Secret of the Super" using coupon below.
Have you seen the new Lincoln power supplies? There are two: one for B voltage only and one for A, B,
and C voltage for AC tubes. Each one comes in a beautiful brown crystalline steel shielding case. B
current of 50 to 60 m.a. — plenty for any ten-tube set — at 180 to 200 volts, with 22h. 90 and 135 available—also 22-90 variable,
at $43.50.
110ABC below
at $46.00.
They'reyou.fully guaranteed,
and are described
in detail Type
in theHOBbiglists
catalog
which type
the coupon
will bring
LINCOLN

T~ii~V
*-F\-F

ENGINEERING
SERVICE ON STANDARD
KITS
you can buy the really finer standard kits — those that have come up to the rigid stand^
T7"i*.T ^-vxirr
ards of performance set by the Lincoln Laboratories at standard prices, and at standard
Engineering
Lincoln but
dealer? The
orsame-day
setbuilder
professional
a are
discounts if ayou
JVlNC J Vf
I
J ■m^^^.B fl
vice
lot —are
assured
not
only
shipment,
you offers
have Serthe
H ■ I I r 1 1TJ A r 1 1 doublemeans
assurance
ofyoufactory
inspection,
plus ofLincoln
inspection
— and Lincoln
you
JL X r
A
only tees
complete
kits
that
exhaustive
tests
have
proved
to
be
right
—
and
then
fully
guaraneach to you.
Order to-day for immediate shipment any of the
Sargent-Ray men t Seven (S-M 710) kit . . $120.00
_ _ ,720 Screen
_ Grid Six
„
, 72.50
S-M
S-M
720 Screen Grid
Six— factory wired . 102.00
95.70
1929 Laboratory Superheterodyne
LINCOLN

329 SOUTH
Setbuilder agents are wanted in
every community, We have a
most interesting plan which you
will find highly profitable. Write
for
complete details, or use the
coupon.

RADIO
WOOD

ST.

—

following Lincoln-Guaranteed complete kits:
Tyrman 80 — super — less power pack
$134.50
*98.50
72 receiver
Tyrman
lyrman 72AC,
with kit
power .
pack
153.50
Scott World's Record
S. G. super . .138.10
195.00
super
H. F. L. Isotone 10- tube9-tube
CORPORATION

CHICAGO
- ILLINOIS.
Authorized Distributors for Lincoln 8-80
WESTERN
RADIO MFG. CO.
LINCOLN RADIO CORP., 329 South Wood St., Chicago, 111.
128 W. Lake St.
Chicago, Illinois
Send me your big free catalog, listing a complete line of
W. C. BR A UN COMPANY
1929 kits
customdetails
building-.
Let mefor have
of your agency plan.
564
W.
Randolph
St.
Chicago, Illinois
Enclose find 25c, for which send me William H. HollisWALTER ROWAN COMPANY
ter's new book, "The Secret of the Super."
833 W. Washington St. Chicago, Illinois
Name

RADIO
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Contrast this straight-from-the-shoulder guarantee with
the advertising phrases used by other manufacturers — not
one dares offer the guarantee that S-M has given for two
consecutive years — ever since the first 220 transformers
were produced. And with impartial comparative tests
S-M engineers have been demonstrating to thousands that
the new 223, 225, 226, 255, and 256 transformers are far
superior to any and all other makes.
Naturally, not all fans have been able to attend S-M demonstrations at the R.M.A. Trade
Show and in the larger cities. It is perhaps hard for you, satisfied as you may be with the audio
equipment you have been using, to believe that any transformers can be as far ahead of all other
types as are the new S-M's. So we can only say to you: "Buy a pair of 225 and 226's, or a pair of
255 and 256's; hook them up and test them. Then, if you're not satisfied that they are better
than anything you've ever heard, return them to the factory for full credit." The fan unwilling
to accept such an offer and who says, "The old stuff I'm using satisfies me" must simply be a man
opposed to progress, content to stand still, and it is not to him that S-M appeals. But the openminded and progressive fan, ever seeking something better and finer, will find in the new S-M
transformers a quality of reproduction beyond his fondest expectations.
Take the case of the manufacturer of America's most expensive high-class sets, seeking the
best possible audio amplification for an ultra-fine receiver. After testing all standard high grade
transformers, this manufacturer's engineering staff went on record with the statement that S-M's
large and small transformers are the finest of all transformers they had ever tested over a period
of fifteen years! Or consider the case of the chief engineer of the largest independent manufacturer of theatre and auditorium amplifying systems, a man who has tested and analyzed all
standard audio transformers — and finally selected the new S-M audios as the most perfect known
audio system. Men who know, not guess, all acknowledge the supremacy of S-M audio transformers.
This is a strong statement to make, but we back it up with a guarantee such as no other manufacturer has ever offered for audio transformer equipment.
We dislike to tread upon the sensitive toes of other transformer manufacturers, but we know
what the new S-M audios will do. And so do these other manufacturers! One of them recently
approached us. "Look here," he said in substance, "we're both making audio transformers. Let's be
friendly. We're not going to say anything about hysteretic distortion in our
advertising,
we wish
wouldn'tFormake
S-M ofis
neither
to beandcajoled
nor you
threatened.
the anfirstissue
timeof init."theBut
history
At the S-M factory there is always in operation a comcommercial audio transformer design, Silver-Marshall has eliminated
parison amplifier.
If you're
in Chicago,
ask the
to have
your favorite
transformers
compared
against
new
hysteretic distortion, and the new S-M transformers give a sharpness and
definition to bass and treble alike such as has never been known before.
S-M's — then they'll be your favorites. Remember — all
other transformers give hysteretic distortion — only the
Do you remember when transformer "curves" used to climb "way up in
new S-M's are free from it.
the air"? Maybe you've noticed that most manufacturers are now advertising
audio transformers with a high frequency cut-off. Two years ago S-M was
first to introduce this feature. At first scoffed at by other manufacturers, it
was eventually adopted by practically all! Two years ago S-M also introduced the first really large models of audio transformers — -a feature which
more and more competing manufacturers have copied of late. And in the
new Clough system under which the 223, 225, 226, 255 and 256 transformers
are made S-M has again introduced revolutionary improvements just two
years ahead. When you buy S-M audio transformers, you're getting the best
— S-M unconditionally guarantees this to you in a straight-from-the-shoulder
way that no other manufacturers have ever dared to adopt. No matter what
audio transformers you have or are using, S-M guarantees you better results
with the new 223, 225. 226, 255 and 256 models.
For the finest possible tone, the new S-M 225 first stage and 226 second stage types at $9.00
each are utterly unequaled. Their two stage curve is shown at E, with its rising bass characteristics and 5,000 cycle anti-hiss cut-off. The two smaller types, S-M 255 first stage and 256
second stage, are unconditionally guaranteed finer than all other types on the market, and give
SILVER-MARSHALL, INC.
the
curve
— see shown
how much
are than
sets of standard
competitive eight and
ten dollar Dtypes,
at A, better
B, andthey
C under
the three
same operating
conditions.
838 W. Jackson Blvd., Chicago, 111.
Other outstanding values in new S-M kits, parts, and accessories are illustrated
....Send Complete Catalog — FREE, with sample
and described on the pages that follow. Several of out cooperating distributors who
recognize S-M quality and S-M leadership join us in presenting the 1929 S-M line.
. . . .Send
informationRadiobuilder."
about the S-M Authorized
copy
Serviceof "The
Station franchise.
....Enclosed is 10c for five selected S-M construcSheets
.Enclosed tionalisData50c
for onthenewnextproducts.
twelve issues of
SILVER-MARSHALL,
Inc.
"The
Radiobuilder"
twenty-five issues). (or $1.00 for the next
838 W. JACKSON BOULEVARD. CHICAGO, U. S. A.
Silver-Marshall unconditionally guarantees the new S-M Clough system audio
transformers to give greater amplification,
much finer tone, and far less distortion
than any standard transformers made by
any other American transformer manufacturer.

. . .Name
.Address
L-
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Year's

Greatest

THE

720

^alue?

Screen

Grid

Six!

ALL the radio sets the S-M Laboratories have ever tested, of all
the sets that have borne the S-M endorsement in the last four years
— yes, of all these and more — we believe the new 720 Screen Grid
Six to be the finest all-around set of them all.

OF

That's a man-sized recommendation. And you can bet it's some set when
S-M gets squarely behind it and tells you that you'll find the biggest radio
value to-day in this new Screen Grid Six. This is as it should be, for the new
receiver is a simplified and improved design of the Shielded Grid Six that
took the country by storm this past winter and spring — the only receiver
that anyone ever dared to offer with an unqualified guarantee of absolute
satisfaction or your money back! And now S-M tells you that the new
Screen Grid Six is an even better set!
Did you ever see as much actual screen
It's the kind of a set you can build in an evening, with its pierced metal
radio value for only $72.50?
chassis and positive fitting assembly. And the thrills begin when you put
it on the air. Station after station will come in with local volume, you'll
really find positive 10 K.C. selectivity; and tone — well, like those who have
tested it already, you just won't be able to help sitting back and telling
the world "Baby, that's a radio set." Three stages of tuned, shielded screengrid R.F. amplification, a detector, and two stages of the new S-M audio transformers that
have taken the country by storm — two vernier drum dials in a beautiful antique brass
control escutcheon, individually copper-shielded R.F. circuits, a rigid die-cast gang condenser— look these features over and you'll realize why the 720 cuts through the toughest
interference regularly — why it gives 10 K.C., selectivity and almost unbeatable DX.
Remember that S-M backs the 720 to the limit — assures you that you
actual radio at twice the cost. And — S-M passes on to you right now
savings of a big season, and prices the 720 kit at only $72.50 complete,
tom-built with cabinet. For the kit, the new metal shielding cabinet is $9.25

can't get more
the production
or $102.00 cusadditional.

Better get your order in now — 720's are hard to get, so great is the demand.

Here are the trimmest short wave sets ever
—the new "Round-the'World" kits.

Tune Over the "Thrill Wand" 'with an S-M Short Wave Set
HAVE you had your taste of the "thrill band" — the wavelength band from 17 to 200 meters? Down on
these low waves are the foreign broadcasters — English 5SW with Colonial programs — Dutch, French,
German and other rebroadcast programs. Down there you can hear KDKA, WGY, and WLW programs
when static blankets out their regular waves. And television — the low wave band is its busy nursery.
You can hear amateurs in almost every country, all in an evening — if you have an S-M "Round-the-World"
short wave set. S-M "Round-the- World" kits build up into such neat, trim, snappy receivers — with screen
grid one.
R.F. amplification, and one dial tuning — -that you just can't help getting the thrill of your life as you
tune
The "Round-the-World Four" is a complete four-tube regenerative (non-radiating short wave receiver
kit with aluminum shielding cabinet. It has one screen grid R.F. stage, a regenerative, non-radiating
detector, and two high-gain Clough audio stages. It tunes from 17.4 to 204 meters with four plug-in coils,
and can bring in five continents in an evening. The kit is $51.00, complete with cabinet, coils, and full instructions— ready for immediate shipment.
The amplifier
731 "Round-the-World"
the two-tube,
amplifier
detector,
less theshort
two wave
stage
A.F.
of the above set.Adapter
With anis adapter
plug, itR.F.
converts
any and
set to
long-distance
reception. Price, complete with cabinet and four coils (17.4 to 204 meters) $36.00. The 732 "Round-theWorld" Essential Kit contains the two tuning and tickler condensers, the four plug-in coils, coil socket
and three R.F. chokes, with full instructions for building a one, two, three or four tube short wave set. It
costs but $16.50 complete.

New 5-prong plug-in
coils,
for short
and
broadcast
waves.
Wound on forms
of
threaded, moulded
bakelite.

Choose any one of the three kits you prefer, and step out into the "thrill band!"
Besides
the sets and
kits above
"we can make Kit;
prompt
shipment
stock
of all
S-M products,
including
the described,
710 Sargent-Rayment
740 and
740 AC from
Coast-toCoast Kits; S-M Unipacs and Power Supplies, Audio Transformers and other parts. Best
discounts quoted to the trade. Fill out and mail at once the coupon at the right, and
get our big new catalog, FREE.
WHOLESALE
6 Church

RADIO
Street, New

SERVICE
York, N. Y.

CO

| Wholesale Radio Service Co.
| 6 Church St., New York, N. Y.
| Please send at once your new free catalog
listing S-M and many other highest-quality radio kits, parts and supplies, as adver§ tised in Oct. "Radio Broadcast."
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PRECISION

FINEST
RECEIVER

"The
Sargent-Rayment
Seven"
A STATION tuned in for every ten kilocycles — a hundred stations heard in
one summer evening, in the heart of Chicago interference — that is the
performance record of the 710 Sargent-Rayment Seven — latest masterpiece of these inventors of a unique receiver system of past popularity.
The 710 Sargent-Rayment Seven is a precision laboratory radio receiver for
the veteran fan. It has been designed throughout as such. It is like a battleship
stripped for action, shorn of every piece of surplus gear. The thick aluminum
shielding and chassis, finished in satin silver and trimmed by black instrument name plates with white engraving gives to the appearance a beauty and
dignity in keeping with the set's fine performance. Electrically, the receiver
consists of five sharply tuned circuits in a four-stage screen grid R.F. amplifier,
all tuned by a single illuminated drum, and provided with individual verniers.
One knob turns the set on and off — another controls volume from zero to
maximum. There are no other controls. Following the R.F. amplifier are the detector and the A.F. amplifiers, using the new S-M 255
and 256 audio transformers which provide unequalled tone quality and high volume in a perfect circuit balance with the 251 tone filter
which is included. Each circuit is individually shielded, bypassed, and isolated from all others. The set goes together simply and positively, with clear direct wiring. It is a joy to build, so workmanlike is its design and layout.
To the fan who appreciates and values really fine performance, in a truly precision receiver of great individuality and distinction, we
unhesitatingly recommend the 710 Sargent-Rayment Seven. The kit for this receiver, appoved by the designers and exclusively manufactured bySilver-Marshall, Inc., is priced at $130.00 complete with cabinet and walnut finish moulding.
Note: All our customers will be supplied as rapidly as possible with the Approved Sargent-Rayment kit, but since speed of production is necessarily limited by the extreme precision required in every part of this unique receiver, orders should be placed at once by
those desiring to be early on the ground with the Sargeant-Rayment Seven.

FOUR
ST
TO-COA
COAST740
*TPO
the thousands
of fans for whom
the four-tube, R.F. amplifier, regenerative
detector and two-stage audio amplifier is the time-tested standard of receiver
comparison, the new Coa9t-to-Coast Four offers the finest performance yet attained with this remarkable circuit. A screen grid R.F. amplifier stage, immeasurably finer coils than ever before, the new Glough high-gain audio system,
and an all-metal assembly, make the
"740" the biggest $51.00 worth of radio
setThrough
you've ever
listened to. the Goast-to
Coast
Four summer
plays onstatic,
the speaker New
York, Florida, Texas, and California
stations, cutting through local Chicago
interference only 10 or 20 K..C. away.
Its
tone quality
is such asHoused,
only S-M
transformers
can provide.
like
the 720 Six, in the new S-M 700 tablemodel metal shielding cabinet, it harmoings. nizes beautifully with any home furnishDespite this demonstrated superiority,
in every respect, over all other sets in its
price class,
the
740
complete
kit
costs
but
plete. The 700 cabinet is $9.25 additional. $51.00; or the 740AC kit, $53.00 comWe go emphatically on record that no matter what set you build or buy, the
740 Coast-to-Coast Four is the best dollar for dollar value you can find around
fifty dollars. It goes together easily and simply, performs with a vengeance, and
for the professional setbuilder provides a low-priced set that will outdemonstrate ready-made sets at twice its price.
S-M 676 Dynamic Speaker Amplifier
This is a single stage power amplifier especially for use as a third stage,
after any radio set, to boost volume and tone to give extra fine results with
standard dynamic loud speakers. It uses one UX281 rectifier and one UX250
super-power amplifier, and has binding posts for receiver output connections,
loud-speaker cord tips, and also for the dynamic speaker field. The 675 Amplifier operates any dynamic speakers having a 90 to 120 volt DC field, to which
it supplies necessary power. Added to any set equipped with a dynamic
speaker, it will provide a marvelous improvement in tone and volume. Price,
676 "WIRED, $55.00; or 676 in KIT form, $49.00.

Western

Radio

Mfg. Co.

"The Big Friendly Radio House"
128 West

Lake

Street

Chicago, Illinois

MEDIUM
AND
POWER

HIGH VOLTAGE
SUPPLIES

B and ABC Power Units for
C—
1 7—
Radio Sets
S-M 670B Reservoir Power Unit has 6ve
different B voltages, of 22, 90, 135, and 180
volts fixed, and one variable voltage ranging
from 22 to 90 volts. It will deliver up to 60
f w
M.A. to operate any standard receiver, and is
specifically
recommended
for
S-M
receivers.
Type 5 670ABC
the samesupply
unit with
2J.
and
volt A.C.is filament
added,li, and
is a complete ABC power plant for an A.C.
tube equipped receiver. Both use one UX280
rectifier. Price. 670B, WIRED, $43.50, or in
kit Jorm $40.50. Price 670ABC power supply WIRED, $46.00, or, in kit form, $43.00.
675ABC High Volta_
ower Unit
S-M 675 power unit is a high voltage power supply delivering 450 volts
maximum. It is provided with an adapter which allows a UX210 or UX250
super-power tube to be used in the last stage of any receiver at all, to which
the 675ABC supplies 22 fixed, 22 to 90 variable, and 90, 135, and 450 volts B power,
as well as A and C power for the power tube, and lj and 2j volts A.C. for A.C.
tube filaments if used. It is the. biggest power unit value ever offered, and costs
but $58.00 WIRED, or $54,00 in kit form, less one UX281 rectifier tube.
Full Line of S-M Products
We carry every kit or part mentioned
in this section.
is assured. Maximun Prompt
discountsservice
to dealers.
Send the coupon now.
■ WESTERN RADIO MFG. CO.
I 128 W. Lake St.. Dept. SB-10
| catalogue
Chicago,
I
Please 111.
send atS-Moncepartsyourand new
listing
kits asFREE
well
| as many other highest-quality radio products.
Name
I
Address
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Nine

Tubes

(6 Screen

•and

The 1929 Laboratory "Super"
THREE stages of screen grid radio-frequency amplification, a
screen grid first detector, two stages of 65kc. intermediate screen
grid I.F amplification, and a super-powered second detector
— all copper shielded — working into an audio stage using the new
Clough system — no wonder the 1929 Laboratory receiver spins rings
around the best of superheterodynes!
And all of this tremendous amplification, with selectivity that
makes stations literally snap in and snap out, is controlled by
two vernier drum dials, and a "volume" and a ''sensitivity" knob.
No wonder
it's easy
bring all
in in
stations
from Maine
to Florida,
Texas,
California,
and toCanada
one evening.
No wonder
a log
of a hundred stations can be piled up with this ultra-selective, extraordinarily sensitive screen-grid super that has out-performed
every other superheterodyne tested against it!
For the fan who wants real "super" results without squeals and
station repeats clogging up his dials, the Laboratory Super is the
set. Just imagine a super that can be tuned from one end of the. dials
to the other right in Chicago without a single local station repeating, and yet be able to use a 65 kc. intermediate frequency with all
the tremendous amplification this frequency, plus screen-grid tubes,
gives. No wonder the new Laboratory Receiver is the set you've
been looking for — a set so sensitive that you can out-demonstrate any
other super with it at any time at all. And it has the ultra-fine tone
Unipac

What

CAN'T

They

DO!

that can be gotten only from the new S-M audio transformers and a
stage of external light socket, push-pull 210 or 250 Unipac amplifican buy!cation, the highest powered, finest toned amplification that money

Power

Single Stage Unipac
Amplifier
Either of two S-M single stage
power amplifiers replaces B batteries
on any receiver and adds a stage of
super-power amplification. Type 681210, the most powerful amplifier made
for home use, employs 2-UX210 or
UX250 power tubes in push-pull, two
UX281 rectifiers, and a UX874 regulator tube. It supplies 45, 90, and 135 volts B to the radio receiver. A
lower-powered unit is the 681-250, using only one UX210 or UX250
amplifier tube, but identical with the 681-210 in other respects. Price,
681-210 WIRED push-pull Unipac $102.00; or 681-210 KIT, $87.00.
Both are ideal for the Laboratory super. Price 681-250 WIRED Unipac,
$96.50; or 681-250 KIT, $81.50.
Two Stage Unipac Amplifier
Two complete two stage super-power Unipac Amplifiers, for amplification ofradio set detector output or phonograph record pickup
are the finest and most powerful of their types. S-M 682-210 uses one
UX226 first stage tube, two UX210 or UX250 super-power tubes in a
push-pull second stage, two UX281 rectifiers, and a UX874 regulator
tube. It supplies two stages of power amplification and 45, 90, and 135
volts B power for a receiver, and A.C. filament power too. Type
681-250 is the same Unipac except that it uses only one UX210 or
UX250 tube in the last stage. 682-210 WIRED push-pull Unipac lists
WIRED Unipac
at $117.00; or 682-210 KIT at $102.00. The 682-250 assemble.
lists at $111.50; or 682-250 KIT at $96.50 ready to

If you've built lots of supers, and know what real results are, this
set will give you a new thrill for distance, selectivity, tone.
Despite its absolutely startling performance, the parts, mostly of
S-M manufacture with all that this implies, cost but $95.20 complete,
less Unipac amplifier which is not absolutely essential. And the
overwhelmingly superior results the Laboratory Super will give, no
matter what you compare it with, make it outstandingly the finest
superheterodyne money can buy.
Amplifiers
Public Address Unipac
For coverage of crowds of 1,000 to
10,000 people, indoors or outdoors, with
one to twelve loud-speakers, the 685
Public Address Unipac is the only lightsocket amplifier now available. It uses
one UY227, one UX226, one UX250, and
two UX281 rectifiers in three stages for
microphone, radio, or record pick-up amplification. Itis the ideal self-contained,
portable or permanent amplifier for conventions, theatres, churches, etc. Prices :
685 WIRED Unipac, $160.00; or 685
KIT, ready to assemble, $125.00.
We carry a complete line of S-M Parts and Kits, including all
the big new headliners for immediate shipment; 720 Screen
Grid Six Kit, $72.50; 720 Custom-Built Receiver, $102.00; 710
Sar gent-Ray ment Kit, $130.00; 740 Coast-to- Coast Four Kit,
$51.00; 730 Round-the-World Four Kit, $51.00; Complete Parts
for 9-tube 1929 Laboratory Receiver $95.20. All can be shipped
at once. Also the new Unipacs, power supplies, audio transformers, and other parts. Our new catalog will be a revelation to
you
use the
coupon and get it now! LIBERAL DISCOUNTS
TO —THE
TRADE.

SETBUILDERS SUPPLY CO., Dept. 19-2
Romberg
Bldg., Madison and Market Sts.
Chicago, III.

Fill Out the Coupon and Mail It to Us

SETBUILDERS

Grid)

SUPPLY

Romberg Bldg., Madison and Market Sts.
AGO
CHIC
-

CO.

Send me at once, free, your new catalog listing
S-M accessories
and other ofradio
parts,quality.
cabinets, consoles,
and
highest
Name.
Address
^Town

State

j
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"Sargent-Rayment

1929

ALL new S-M
the world of
ing trade. Send
parts, kits and A
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Grid

"Laboratory

Six"

Kits
Seven"

Super"

Parts

kits and parts are winners! We have one of the largest stocks in
S-M apparatus — as well as of all other lines known to the set buildfor our free catalog showing wholesale prices on all the latest
C sets.

Allied Radio Corporation is the headquarters for high quality radio equipment.
Ask us for data sheets on "Round the World" short wave
and other popular circuits in which S-M parts are specified.

ALLIED

1929

RADIO

CORPORATION

SargentRayment 7
Laboratory Farts.

Complete parts for these famous
receivers now in stock. Get our
special prices to Professional Set
Builders and Dealers.
TELEVISION!

711

W.

Walter Rowan
Co.
Dept. 102
8)3 Washington Blvd.
Chicago, 111.

PREVENTS DAMAGE D TUBES, COILS,
B BATTERIES AND ELIMINATORS.
OAR PARK MFG CO BOX !J4 OAK MRK.lU
HOOK-UP BOOK FREE
Improve your reception with
CARBORUNDUM
Stabilizing Detector Units,
Grid Leaks and Resistors
THE CARBORUNDUM COMPANY
Dept. D-2, Niagara falls, n. y.

Lake

Unipacs,

St., Chicago,

111.

Improved
eceptioii
Marvelous tone q ual it y
from the lowest to the
highest note when your
Power Amplifier is
equipped with a Potter
Condenser Block.

Write for our very latest literature on TELEV I SION. The
newest developments as shown
in our catalog will surprise you.
Our 1929 Catalog!
All the latest developments including Television, described in
our NEW FREE 1929 Catalog,
just completed. Lowest prices
on all new nationally advertised
kits, sets, accessories, cabinets,
etc. Get the BEST in RADIO
—AT THE BIGGEST SAVING.
Complete stock carried. No delays. Write for catalog TO-DAY.

kits, S-M

Whether

you

want purer tone
or clearer DX,
you will get it
with Quality
Televocals.
standard types.
Ask for them at
your dealers.

$20.00
$22.50
Highly Efficient — Long Life

Televocal Corporation
Televocal Building

The Choice of Leading
Radio Engineers
Ask your ilealer for full information

Dept. B-3, 588 12th Street
West New York, N. J

POTTER
MFG.
CO.
Norlh Chicago, Illinois
BOOKS

by TELEGRAPH
to and from
Doubleday Doran Book Shop in
New York Cleveland Kansas City Springfield St. Louis
Run YouryourRadio—
Does It volume
Run You?to
Do DoyouYoucontrol
loud orspeaker
fitbackground
the occasionto —loud,
fromsharp,
soft, fascinating
mellow musical
and
attention-arresting
entertaining?
"The
GATEWAY
BETTER
how
to make theTO radio
do yourRADIO"
bidding, tells
how
to avoid distortion, deals with a hundred and
one
25c a your
copy dealer
and worthdirectit many
times things.
over.
From
from
CLAROSTAT
MFG. CO.,or Inc.
Specialists
in
Variable
Resistors
~ 28.i.7 N. Sixth St.. Brooklyn. N. V.

This is a good Qua
time to flt
subscribetf
for Tubes
RADIO BROADCAST
Through your dealer or direct, by the year only $4.00
DOUBLEDAY, DORAN & CO., INC. GARDEN CITY, N. Y.
ROBERT S. KRUSE
Consultant and Technical Writer
103 Meadowbrook Road, West Hartford, Conn.
Telephone Hartford 45327
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Distributors

K
QUIC
Get your Silver-Marshall Parts from W. C. Braun
Company
We are wholesale distributors for all Silver-Marshall products,
goods in the country — the lines of the leading manufacturers of
sets, parts, kits and accessories.
shown and catalogued on the four pages in the Silver-Marshall
section of this issue of Radio Broadcast. Also complete parts Mail orders given special attention. We are fully equipped to
for set builders of the 720 Screen Grid Six Receiver. A complete
serve dealers on mail orders promptly and efficiently. Our new
stock of parts anywhere.
is on hand for immediate shipments to fill dealers'
dealers' catalog lists over 4000 items in radio, electrical goods,
requirements
sporting goods, auto supplies and allied lines that keep the
Everything in Radio
dealers' business humming twelve months of the year. Write
for free copy of this catalog on your letterhead and learn about
We carry the largest and most carefully selected line of radio
our successful dealer plan.

581
W.
Randolph
St.
ndio>

I L L I NOIS

v
Radio —
/^Hanvmarlund
l , ^Roberts
SM

IT'
} HE
RES!

Hammarlund Hi-Q 29
Authorized Official Distributors
Silver-Marshall Kit Headquarters
National Television

10

KC

Selectivity
OUR stock is complete — we have the new S-M
720 Screen Grid Six and other S-M Kits—
as well as all other quality parts and accessories on the market. 24-hour service.

K, allprompt service
QUIC-Marsh
and other
Silver
standard parts lines, write us.
FORon

We ship the same day order is received.

Send us your orders for the "Fastest Senice West of
the Rockies" — you'll be a regular customer from then
on.
acquainted with "The Radio Parts Jobbers"
of theGetNorthwest.

New
Big Catalog just off the press —
it's free.

SET BUILDERS: Write for our catalog and
discount sheets. Maximum discounts to all dealers.

Maximum

WEDEL COMPANY
Established 1888
520 Second Avenue
Seattle, Washington

Why not subscribe to Radio
Broadcast ? By the year
only $4.00; or two years,
$6.00, saving $2.40. Send
direct to Doubleday, Doran
& Company, Inc., Garden
Citv, New York.

Dealers and Set-Builders write for our

Discounts.

KEYSTONE RADIO
Ill N. 4th Street
Philadelphia, Pa.

Write
Garden

CO.

publication,
well specified
as those
"YY^E inarethisready
to ship allas parts
parts called for in other leading radio papers.
Tie up with a house that is amply financed
to carry a complete and varied stock of
merchandise. Royal-Eastern has been in
business since 1897 — 31 years — and we are
known to have the fastest shipping facilities in New York. Send for our new 1929
trade catalog. There is a copy for you. It
is chock full of all the latest radio and
television developments, as well as kindred
electrical lines. We feature only nationally
advertised merchandise. All kits are in
stock — Send your order to-day — Prompt
shipment is assured. We know you will like
our service!
Royal-Eastern Elec. Supply Co.
16 West 22nd St,-New York City.

Doubleday,
City, Long

Doran

&

Company,

Inc.,

Island, for a list of their

NATURE
BOOKS
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THE

-for performance
GRAYMORE

MIRACLE

THE

for Service

!

RADIO

WORLD!

Newest Guaranteed 7 -Tube
1-Dial
Console Set— Worth $200
BUY
DIRECT

VALUE

COMES
COMPLETE

ALL
720 SCREEN GRID SIX
Here is a set which, in appearance alone,
is worthy to stand with factory products
selling at several times the price. But look
further into the Screen Grid Six — examine
the four tuned circuits — the new highselectivity S-M 140 antenna coil — the rigid
diecast gang condenser — the screen grid r. f.
stages individually shielded in neat copper
cans — and finally the marvelous new audio
transformers. Then you will have some idea
of the 720's overwhelming superiority in
actual reception.

710 SARGENT-RAYMENT SEVEN
A station tuned in for every ten kilocycles
— a hundred stations heard in one evening —
that is the performance record of the 710
Sargent-Kayment Seven — latest masterpiece
of the inventors of the "■Infradyne." The
710 is a precision laboratory instrument for
the veteran fan. The thick aluminum
shielding and chassis give beauty of a
strikingly appropriate type. Other features
responsible for this unusual performance
include five sharply tuned circuits in a fourstage screen grid r. f. amplifier, all tuned by
a single illuminated drum, and provided
with individual verniers. Each circuit is individually shielded, bypassed, and isolated
from all others. New S-M transformers insure unbeatable tone quality.
The approved 710 Sargent-Rayment kit is
priced at $130.00; with cabinet wired
complete, §175.00

When we get hold of a set carrying the S-M
guarantee, and are able to offer it at a list
price of only $72.50 for the complete kit (the
700 cabinet is $9.25 extra) — or the entire set
custom-built in this cabinet and tested in
the S-M laboratories at $102.00 — then we say
it's a bargain. Order yours now !
GRAYMORE ships promptly, from slock, not only the 720 and 710 kits or wired sets above
described, but all other S-M products — including the 730 "Round-the-World" Short- Wave
Four; the 740 "Coast-to-Coast" Four for either DC or AC tubes; the Unipac Power Amplifiers including the new 685 Public Address Unipac; Medium and High Voltage Power Supplies;
the new Clough System Audio Transformers, and many others.
Send for our catalog showing S-M and other prominent lines of high-grade radio products.
Discounts to Dealers.
r

GRAYMORE RADIO CORPORATION
142 Liberty Street, New York City
I
send your catalog and best trade discounts on S-M and other leading | I
lines of Please
radio merchandise.

I
L.
GRAYMORE

RADIO

CORPORATION

142 Liberty Street

New

York

OF

ELECTRIC

30 DAYS'
A Wonder
in!

FREE

RADIO
TRIAL!

from
Buy factory
direct
VALUE
$200
Outperforms
sets
2 andselling
3 timesat
our low price.
Includessole shown,
conmade of combinatioC.
n walelectricnut; A.set,
all tubes,
built-inneticmagspeaker
and aerial
equipment,
COMPLETE
Nothing Else to Buy
Powerful
Amazing
Remember
— 30 Reception—
days free trial. You
be the judge!Tone!
Worth
S200 and looks
it! Only
dial to and
tune —getsilluminated!
Marvelous
mellow
tone.oneSelective
distance
easily. The radio sensation for quality, price and performance. Mailbefore
couponyou today
for our
Free Catalog,
buy any
radiobig,or money-saving
accessories!
Our New FREE
Battery Sets
Catalog — Just
Our low factory ■prices on Published — Shows
the complete
DiaYou How To
mond Electricline
and ofbattery
operated will
radiosamaze
shownyou!in SAVE HALF!
catalog
Diamond Radio Company
Dept. 220 - 820 S. Clinton St., Chicago, III.
MAIL THIS COUPON TODAY!
Diamond Radio Company, Dept. 220
820 S. Clinton St., Chicago, III.
Pleaseandsend
me your Free Cataloe of Diamond
radios
City.
Name
. details of your 30 Day FREE Trial offer

City

AT LAST! JEEMS SUPER TROUBLE SHOOTER
the easy method for locating trouble in your superheterodyne. This handy chart, comprising 16
symptoms, 130 possible causes, is highly recommended by professional set builders as a valuable
asset in the work shop. ACCURATE, SURE, COMPLETE, PRACTICAL. By mail 50c.
ROBERTS RADIO SERVICE
CAXTON BLDG.
CHICAGO, ILLINOIS.

ELECTRIC
PICKUP

Here is antrically
improved
Electric
Pickup forrecords
elecreproducing type
musicof from
phonograph
through radio sets or power ampli6ers. Fits A.C. or
D.C. sets with UX or UV sockets. Comes complete
ready to work and is sold with a money back guarantee.
Na-AId
makes a complete
of sockets,
adapters
and poweralsoamplifiers.
Write forlinecomplete
catalog.
Alden Manufacturing Company
Brockton
Massachusetts

'Round the World With New
Karas Short Wave Receiver
Enjoy the thrills of hearing stations thousands of miles
away.ment toKaras
have developed Easy
short wavetuneequiphighestengineers
point.
with
Karas Micrometric
dials.Easy63 toto build.
1 ratio. Uses toKaras
cond
e
n
s
e
r
s
b
u
i
l
t
like
a
fine
watch.
Karas
coils
and
audios
—
standard
of
the
world.
Send
to-day
for
complete
information and construction blue print. Free.
KARAS ELECTRIC COMPANY
4033K1 N. Rockwell Street, Chicago
Name
St. and No
City and State4033K1

Aerovox

Condensers and Resistors .have been firmly, esiab^
lished as The Specified Products ■
manufacturers.
-hy>N-:
the "more discriminating
' Write for the Research- Worker,
a free monthly publication thai
will keep
you abreast of. Radio's .
latest
developments.

W

1

*jK*m^m ""
"Bmll Better"
atUogton Sc* Brooklyn, N. Y.
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Prompt Deliveries
on
newParts
S-Y
Kitsalland

The S-M line-up
Confidence in Polymet quality.
Confidence in Polymet service.
Confidence in Polymet
dependability.
Confidence in Polymet to produce the
best in every electric set essential led to
the adoption of Polymet by two-thirds of
the R. C. A. licensed radio manufacturers.
It's met
theProducts
"little that
bit more"
intoresults
Polybringsputthe
which inspire this Confidence.
wonWe it.don't ask your confidence 'til we've
Send for
catalogue
shou-ing
the complete lineourof neic
Polymet
electric
set essentials.
POLYMET
jVL\>UFACTURLNG CORP.
597 Broadway, New York City
POLYMET
PRODUCTS

Out-Selling

able. Greatest
for
IQ2Q are
is unbeatvalues
offered
the set-builder.
END
^ For
builders
bottom

for Hammer's Catalog and dealer discounts.
years we have specialized in furnishing setwith the fastest selling equipment at rock
prices.

Let us show you what Hammer Service really means.
We have in stock the S-M 710 "Sargent-Rayments";
720 "Screen Grid Sixes"; 730 "Round the World"
Kits; 740 "Coast to Coast" Fours; S-M Unipacs,
power supplies and all parts, also all other leading
lines at maximum discounts.
S. HAMMER

RADIO

142 Liberty Street

All

Sargent- Rayment
Screen Grid Seven
Designed by the
Inventors of the

New York, N. Y.

Other

A Station for Every Dial Degree
That is the average performance of the Sargent-Rayment Seven over the entire
dial. Under average conditions 100 stations per night can be heard with it.
The Sargent-Rayment Seven has an amplifier composed of four screen-grid
tubes.
suppressors"
or other counteracting
devices There
are usedis noto regeneration.
stop oscillation,Nothe"grid
oscillation
is fundamentally
eliminated
in the circuit design thus allowing every bit of tube amplification to be retained
for useful work. Under these conditions are we unreasonable when we claim
that this receiver has more power, more sensitivity and more selectivity than anything else ever offered for sale? Watch the DX records go to smash this winter!
WRITE FOR FREE BOOKLET
and
Savee your
. own time and get better results by buying this kit already built up, wired, one.
tested, , ready to operate.
operate Look over the prices listed below and see if it will pay you to build
Every set fully guaranteed.
Grained Aluminum Model, .kit $130.00, built-up $150.00. Brown, crackle crystalline model
kit $140.00, built-up $160.00. Except for the finish, the models are identical in every respect.

Kits!

Getter with
A Real "DX"
10 KC Selectivity

Infradyne
Manufactured by
Silver-Marshall, Inc.

CO.

Single Dial Control
Verniers for Long Distance Tuning

Supplied in two finishes,
aluminum grained
and crackle
crystalline. The
crackle
finish is crystalline
known as our
De Luxe Model and is
put out only by us.

Radio Constructors Corporation
357 Twelfth Street, Oakland, Calif.
Please send me at once full details regarding the SargentRayment Seven. I am a dealer or professional set builder and
buy my supplies from the jobbers listed below.
Name
Address
City and State
Name of Jobber
Name of Jobber
If you send this by AIR MAIL we will answer same way.
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BOTH

AND

SAVE

$1.95

This

Offer

is Good

—

The Citizens Radio Call Book and Radio Broadcast offer
rate whereby you can now get both of these magazines
Broadcast and Citizens Radio Call Book are today the two
The combination covers every field of radio. The Citizens

Read

It

you a combined subscription
at a saving of $1.95. Radio
best buys in radio magazines.
Radio Call Book contains live

radio information together with a complete list of all broadcasting stations, schedules
and wave-lengths. The construction articles, circuit diagrams and detailed information
on all popular circuits is of the utmost value to the home constructors, professional set
builders and radio service men.
Radio Broadcast supplements the Call Book by giving you each month throughout the
year a complete review of the whole radio situation. Radio Broadcast contains the news
and interpretations of current radio events as well as exclusive special articles by the
foremost radio engineers of today. The combination of Radio Broadcast and Citizens
Radio Call Book can not be equalled from the standpoint of radio theory and practical
data on every known phase of radio.
Send $4.25 For Both and Save $1.95
These radio magazines if purchased at any newsstands would cost you a
year. (4.20 for 12 issues of Radio Broadcast and $2.00 for 4 issues of
Call Book). By subscribing to both in combination you save $1.95 over
price of both magazines. If you are a subscriber to Radio Broadcast or to
Call Book you can still take advantage of this low combination rate of

total of $6.20 a
Citizens Radio
the newsstand
Citizens Radio
$4.25. We will

extend your subscription for one year. Don't miss this opportunity!
Send $4.25 Today

„

4

*

iMail Coupon <7lS(pw

Radio Broadcast, Garden City, N.Y.
Enclosed is $4.25 for which please send the next twelve issues of Radio Broadcast and also one
full year's subscription to Citizen's Radio Call Book (4 issues).
NAME

'
ADDRESS
I am a subscriber to
Please extend my subscription one year.
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Dynamics

Showing the fireplace and wall
picture speakers.

Advanc* Fireplase Co., Detroit

TLJERE'S the newest thing in dyna'
mic speakers'"an attractive fire'
place
screen
or
handsome picture

easily assembled.
The

picture speaker comes in several
beautifully oil painted designs on velvet or will be

Either will be a worth'
addition

home,

and

to

you

your

have

a

thoroughly dependable
dynamic unit, the latest
thing in radio, as well.
The

fireplace

baffle

board comes in gum wood,

Color!

Tone!

Everyone is using color in their
homes now. With either our fireplace
or picture speakers you can have
color that will harmonize with your
home color scheme.
And our speaking units will give
you a richness, a clarity of tone you
usually associate with speakers much
higher
today. in price. Get our prices

plan. It is sent knocked

de'

sign at no extra cost. In'
eluding frame the size is
24 x 34 inches. A six'inch
magnetic speaking unit of
standard make is used.
the

Enjoy your radio to
fullest this winter
these splendid and

decorative speakers. We

any decorative
down

and is

BRYDEN
2559 Bellevue Ave.

painted to your own

with

walnut or mahogany, or
unfinished for you to do
in any color to match

assembled it is

30 inches high and 36 inches wide.

speaker "' that you can
easily
build yourself.
while

When

furnish everything.
Write
our remarkably low prices.
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OTHER

THINGS.

. .

READERS who did not see our announcement in this space
last month with respect to the change in our publication
date and who failed to see our October issue when they expected may be somewhat confused. Effective with this number,
Radio Broadcast is on sale at all good newsstands on the first
of the month. That is easy enough to remember.
THE issue before you now contains an unusually wide range
of material, and in the descriptions of receivers offered the
constructor in kit form for the present season, is especially
complete. Our November issue promises a story on present
trends in radio progress, a description of a new audio amplifier
system, two articles on television, the first of a series of practical
articles on radio service for men actually facing the music, and
a variety of constructional articles. These are in addition to our
popular departments which will run as usual.
A of
FEWeachof issue
our readers
carefully
contents
feel thatwhoeach
article classify
should the
be classified
according to the Dewey decimal system when published. At
one time our excellent British contemporary, Experimental
Wireless,, classified their articles this way, but has since discontinued the practice. Radio Broadcast is quite willing to serve
its readers, but we feel that this classification would appeal to
all too few. The editor would be glad to hear from those who
favor the scheme — and from those who prefer the status quo.
AND here we group many miscellaneous matters; read
them, but remember, you were warned! . . . The complete
set of " R. B. Lab. Data Sheets " in book form — No. 1-190 —
is now available at $1 per copy from the Circulation Department of this company. . . . We shall soon start a special departlines similar
to "Our from
Readers
" toand
be
made upment,ofalongpractical
contributions
radioSuggest
service— men
professional set builders. Quite a few interesting contributions
are already in the office and readers who desire to submit any
ideas that seems to them worth while passing on are invited to
do so. The same general rules hold for these contributions as
for the "Readers Suggest" department. . . . How many readers
are interested in the problems of series-filament connection for
a.c. operation? We should like to hear from readers who have
done some work along this line, or from those who would like
an article devoted to the subject. ... In the past few weeks, our
mail has contained a number of simple questions about radio
which we are thinking of answering in a short article composed
simply of the questions and their answers. We invite the submis ion ofshort and particularly troublesome questions which
readers would like to see treated in this way. ... A radio house
in Sao Paulo, Brazil, informs us that they are expanding and
desire exclusive American agencies for radio apparatus in Brazil.
Manufacturers who wish to get in touch with this house may
write the ofeditor.
. Ourhardrequest
in thetubes
August
"Strays" two
for
methods
testing. . for
and soft
has brought
answers. One may be found in this number on page 348, in the
"Strays" department, and the other on page 364 in the department "Our Readers Suggest — "
TWO of the writers in this issue who have investigated the
use of the screen-grid tube with various kinds of coils,
arrive at conclusions which are different — but most interesting.
The stories concerned are by Bert Smith and Glenn Browning.
— Willis Kingsley Wing.
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M here Radio Progress Begins
These views in the laboratory of the Arcturus Radio Company give a graphic picture of the organized experimentation
that goes on before a technical advance is announced to the radio public. At the top is the testing room, where every
characteristic of a radio receiver or vacuum tube may be accurately measured. Precision condensers, oscillators,
resistance
inductance
and gain measuring
equipmentarefillcarried
this experimenters'
paradise.
The circle
inset shows and
a corner
of the standards,
chemical laboratory,
where experiments
on with the gases
and metals
that
make up a vacuum tube. At the bottom is a complete tube factory in miniature, where the engineers can build any
tube theymentalwant
a moment's
notice.
at the tubes
left is are
bending
a vacuum
for may
exhausting
experitubes. Atat the
extreme left
are The
racksmanin which
given over
life tests.
Such tube
scenespump
as this
be duplicated
in the laboratory of any wide-awake radio manufacturer.

A RADIO MOVIE DEMONSTRATION
Dr. Fran\ Conrad, Assistant Chief Engineer of the Westinghou.se Electric and Manufacturing Company, with the transmitting apparatus with which he recently demonstrated the
radio transmission of moving pictures. At the right is the light source; next to it are the
scanning disc and focusing lenses; at the left are the film reels and (in the cylindrical can)
the photoelectric cell

Television

—

By

Its

Progress

To-day

HOWARD
E. RHODES
Radio Broadcast Laboratory

Essentially similar apparatus was used for part
the article might be written with a background
TT I KE the search of the ancient philosophers for the elixir of life, television has of experience, the past few weeks have been of the American Telephone & Telegraph Com^ been for years an inspiriting dream of spent collecting data and personally seeing
pany's demonstration, with the difference that
several demonstrations.
man. Although its first fruits in experimental
synchronization in the latter case was accomdemonstrations have been shown only in the
plished by means of synchronous motors — a
TELEVISION DEMONSTRATIONS
more scientific method of holding the receiver in
past few years, the principles on which these
THE first television demonstration seen by step with the transmitter, but also much more exdemonstrations have been built have been work
pensive. To the Telephone Company television
of several generations of scientific endeavor.
* the writer which showed promise of being applicable to home use was the demonstration by constitutes a method of communication compleThe scanning disc, for example, which is an esmentary to the telephone, and its interest is
sential part of all the systems being utilized in Dr. E. F. W. Alexanderson at the Schenectady
to develop a system giving quality reprothis country to-day, is the invention of
JIJGV
duction. Therefore it cannot consider any
Nipkow, and dates back to 1884. To a
system in which synchronization is not
considerable extent the problems which it
positive and automatic. In the same
was necessary to solve to make the recent
JN THE July and August issues this magazine published
two articles by Mr. R. P. Clarkson which set forth quite classification fall the more recent tests of
demonstrations possible have been associated with the applications of already
clearly the fundamental problems associated with televi- this company in which actual outdoor
events were televised. The apparatus used
sion. By no stretch of the imagination could Mr. Clarkknown principles, but the future develson be considered optimistic in his outlook, and by some he was entirely beyond the scope of the-exopment of the art will be the result
of research — the systematic pursuit of is probably considered decidedly pessimistic in regard to perimenter. The experimenter must depend upon other sources for television
the present methods of approach to the problems of televiknowledge — or the result of some new
television tool, and it seems likely, to the
sion. It should be realised, however, that Mr. Clarkson was
signals — and who knows but that some
writer, that such is necessary to make
writing from the point of view of one who wished to bring interesting results might come from his
work. Even the greatest are sometimes
television really practical.
this science from Us air-castle fancies back to terra firma.
caught napping!
Enough has already been done in tel- The present article has a different purpose. It is the result
More recently we saw a demonstration
evision, however, to excite the interest of a careful survey — in many cases, by personal visits — of
of everyone. Some stations are now on the stations now broadcasting, or about to broadcast televi- at the laboratory of the Daven Company,
sion, and its aim is to give the reader information on who is which has employed Mr. P. H. Kober, a
the air with television, and some are getdoing the work, how it is being done, and what results have former associate of Doctor Alexanderson,
ting ready to go on, so that dyed-in-theto develop television apparatus for them.
wool experimenters will find it hard to so far been accomplished. — The Editor.
In the Daven laboratory, a complete telresist the temptation to set up apparatus
evision transmitter and receiver have been
to receive the broadcasts — even though
constructed, similar in operation and retheir quality and program interest is negsults, so far as the writer can see, to that demplant of the General Electric Company. This
ligible. For the benefit of these experimenters,
onstrated at the General Electric Laboratorand also for those interested only in the thrill of company through three of its stations is now
ies. Synchronization of the receiver with the
transmitting
television
signals
in
accordance
"looking in," we here report the progress of televi- with the schedule given in Table 1. The receiver
transmitter is accomplished by means of a
sion in this country to date. The questions that
rheostat in series with the motor, across which a
in
this
demonstration
consisted
of
a
scanning
immediately
popwhat
into stations
one's mind
— how good disc with a neon tube back of it, the disc being push-button switch is placed. The resistor is
are
the results,
are transmitting,
adjusted so that the motor tends to turn at
turned by a motor and manually synchronized
how much does the receiving apparatus cost —
slightly below the correct speed; pressing the
are answered as fully as possible. In order that by varying the resistance of a rheostat.
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TABLE I: WHO IS ON THE AIR WITH TELEVISION SIGNALS
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and the speed of the disc is adjusted by turning
the screw, S, thereby moving the motor assembly
further away from or nearer to the center of the
Call
No. of Holes
No.Perof Second
Pictures7.5) Schedule ofmis ions Translength
Location
(
E
.
S.
T.)
in
Disc
Letters
Wavescanning disc. With this arrangement the motor
Meters
runs constantly at normal speed; at least, it runs
WGY
379
24
21 \
Schenectady, N. Y.
much more uniformly than when synchronizing
24
Sunday, 10:15-10:30
by means of a resistor in the motor circuit —
P.
M.
Tuesday,
Thurs1260
2XAF
31.4
Schenectady, N. Y.
21 )
P. M. day, Friday, 1:30-2:00
the method mentioned previously. We recommend that those who decide to do some televi22
24
2XAD
Schenectady, N. Y.
1260
Monday,
Wednesday,
48
15
900
3XK
Washington, D. C.
sion
experimenting, start off with this method —
46. 7
Friday, 8-9 P. M.
48
WRNY
450
New York City
326
5-10 minute periods although since we are experimenting everyone
has a perfect right to try any and every method
every
is on air hour station
he can think of to obtain easy synchronizing.
32
450
2XAL
New York City
61
900
900
10 to 11Sunday
A. M. Daily
15
9XAA
48
Chicago, 111.
Jenkins at present transmits silhouettes, alexcept
45
though he expects soon to transmit ordinary pic447.5
15
WMAC
Chicago, 111.
p.Probably
M. Daily 11:30-12
tures. Silhouettes were used at first so as to keep
24
900
15
4XA
the side band frequencies within a limit of about
Irregular
Memphis, Tenn.
(WREC)
plus or minus 5000 cycles. The short-wave chan9:30 P. M. Daily
900
62
15
Lexington, Mass.
lXAY
(WLEX)
nels now being licensed for experimental televi48
sion are 100 kc. wide, and in a band of this width
62.5
'
60
16
8XAV
Pittsburgh, Pa.
Irregular
1
2
960
it is possible to transmit the wide band of frequencies essential for transmitting high quality
button short-circuits the resistor so that the source containing four small plates each about \" half-tone pictures. To date, Jenkins has always
motor tends to revolve slightly above the correct
square is located in the center, and quartz rods sent out the same program — a little girl bouncing
a ball. In reception the girl and the ball will
extend from each hole in the wall to the neon
speed. Successful synchronizing then becomes
tube. This drum with its 48 quartz rods cannot be show up black, silhouetted against the pink
a matter of getting the knack of pressing and
releasing the button at such intervals as to hold
cheaply made and for the first television experi- background of the neon glow.
A trip was made to Boston a few days later
ments aflat scanning disc will prove satisfactory
the disc at exactly the correct speed. And this is
and at this point we succeeded in receiving 3XK,
and more economical. We therefore leave a more
no small job! More anon about synchronizing.
complete description of it for a later date. Jenkins Jenkins' station, and getting recognizable images
As will be pointed out, Jenkins, in our opinion,
on a television receiver constructed by James
has a better method.
also had in operation a receiver using an ordinary
Millen. Static marred reception considerably,
At the Daven Company's laboratory a pretty flat scanning disc from which satisfactory reception could be obtained. This receiver, a pic- but apparently had less effect on television recepyoung lady was asked to sit in front of the televition than on ordinary broadcast reception which
sion transmitter located in one corner of the
ture of which appears in this page, used a small
room while the rest of us moved over to the 48-hole scanning disc, the source of light being a was very poor at the time. At this time we used a
opposite corner where the television receiver small G. E. neon lamp. This lamp gives a picture large 2' disc made by the National Company and
was located, the transmitter and receiver being probably not more than about f " high and about
a Raytheon Kino-Lamp, from which combinaconnected electrically by wire. The young lady \" wide — quite small.
tion can be obtained pictures about \\" square.
The method of synchronizing is interesting
This test at Mr. Millen's home was made on a
smiled, winked, smoked a cigarette (these modFriday between the hours of 8 and 9 p.m. E. S. T.
erns!) and we saw it all in the receiver. The
and we found it quite easy to hold the picture
stationary. The arrangement used is indicated
color of the received image is pink — the charduring one of Jenkins' regular transmission
acteristic glow of a neon lamp. As we recall it, in Fig. 1. The scanning disc, D, is mounted on a periods. Static was very bad, and during the
latter half of the demonstration there was
the size of the picture appeared to be about 3" shaft which revolves in the bearing, B. The mothunder and lightning. In spite of this, plus contor, M, is mounted on a block of wood at a small
siderable fading, what we considered fairly good
byOn3".August 21, this company held a public angle to the disc as indicated, and the mounting
results were obtained. The transmission started
demonstration in connection with station wor.
block fitted with a slider, fitting into a groove on
off with an announcement in both code and
A demonstration for the public, interested in the baseboard. The screw, S, enables the operator
phone telling what the program consisted of,
to move the motor to the left or right, parallel
practical television, and with little or no interest
in experimental television, had to be arranged in to the disc. The end of the motor shaft is fitted after which the actual transmission began. The
incoming signals contained components of all
the form of a show. In this instance puppets
with two flanges, F, about 2|" in diameter with a the frequencies in the audio band, but the charwere used, as in Punch and Judy, since they are
rubber disc, R, clamped between them. This
acteristic note in the loud speaker seemed to be
small and their entire movements can readily be rubber disc may be made by cutting a i\" or 3"
diameter disc from an old automobile inner tube. about 2000 cycles, probably because the ear is
reproduced in a small space. The experimenter
most sensitive to this frequency.
doesn't care very much about what is sent, being The motor is so located that the rubber disc
At various times during the hour, especially
interested in how good the results are, but this bears against the scanning disc at a point about
during those moments when the signal was strong,
demonstration possibly gives us some idea of the 3" from the center of the scanning disc. The mothe silhouettes of our little girl with the bouncing
technique that will be developed for the first
tor which may be any type, a.c. or d.c, is connected to the line without the use of a resistor ball could be easily recognized. The static protelevision programs.
duced alot of black spots and lines on the picture
A journey to Washington, D. C, to the private
but did not prevent one from recognizing the
laboratory of C. Francis Jenkins, provided one of
image. In this test a short-wave tuner followed
the most enjoyable days of the investigation.
On July 2 Jenkins began the broadcasting of
by a three-stage high-quality transformer-coupled amplifier was used. Theoretically, results
radio movies — i. e., transmitting from a strip of
would have been better with a resistance-coupled
motion picture film — from his experimental
amplifier but the improvement would not be
short-wave station, 3XK, going on the air every
noticeable unless good strong signals without
Monday, Wednesday, and Friday night. He
any fading were being received. This test is of
has gotten the cooperation of many experimeninterest for it gives one some idea of what can be
ters, and up to the present his pictures have been
received as far west as Chicago and north
expected, and it also indicates the perhaps obvias far as Boston.
ous fact that television reception will be satisJenkins demonstrated two different
factory at any point at which a good loudtypes of television receivers. One of these
speaker signal can be received.
While at Boston we had hoped to
uses a drum type scanning disc, which
see
a
demonstration
from the local
has the advantage that it can be made
much smaller in size than a flat scanning
station, wlex, which has obtained
a short-wave television license as
disc designed to give the same size picture.
The drum disc which we saw consisted of a
indicated in Table i, but the new
500-watt short-wave transmitter
JENKINS
SCANNING
APPARATUS
cylinder about 7" in diameter and about 4"
long, with 48 small scanning holes punched
was
not yet ready. Before this artThis
rear
view
of
Jenkins'
receiving
apparatus
shows
the
scanning
in its peripheral wall and arranged in the disc, neon lamp, and driving motor. The screw at the left varies the
icle ispublished wlex will probably
be on the air with regular programs.
form of a four turn helical. A neon light speed 0/ the disc by moving the friction drive motor along its surface.
Speed of
Disk.
(R. P. M.)
1260
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Station wrny of New York has
of modern scientific advance — because
installed a television transmitter and
its possibilities are so vast, its perfection
are transmitting programs through their
so tenuously in the future, and its techregular broadcasting station and their
nique so amenable to new ideas and new
short-wave station, as indicated in Table 1 .
ways of doing things. And what does the
According to a recent release from the
experimenter, the scientific enthusiast, get
out of it? To the world at large, perhaps,
Westinghouse Electric and Manufacturing Company, the experimenter will soon
pep and a hearty laugh are the attributes
be able to look to the station this company
of the stock promoter, a fish-tail handshake and absent-mindedness the conoperates for programs of radio movies —
it will be noted from Table I that this
comitants of the scientific outlook.
Such views, however, must be held by
company has obtained an experimental
license. A demonstration of- radio movies
persons who have never been on the inside. The scientist and experimenter get as
was held in Pittsburgh on August 8th — a
JENKINS
SCANNING DRUM
demonstration which we, unfortunately,
much fun out of peeping through a specThis view of the scanning drum shows clearly the quart^ rods
trobolometer (a device for measuring the
did not see. The system used was in one extending from the holes in the surface of the drum to the neon
energy associated with a spectrum) as
respect at least, unusual: a mercury arc lamps in the center. The wire connections to the four-element
does the baseball fan when he catches
neon lamps are seen at the right
lamp, magnetically controlled by the
the ball that Babe Ruth knocks into the
incoming signals, we understand, was
stands. They merely get their joy out of life in
used in place of the neon tube, the advantage be- tube. As a basis of comparison we might say that
ing that much more light can be obtained from
the signals should preferably be strong enough to different ways. C. Francis Jenkins is a shining
the arc than can be obtained from the neon tube
load up a 1 7 1 a tube with 180 volts on the plate example in the field of television of the man who
so that brighter images are possible. The neon
is carried on by the sheer joy of being on the inand a 40- volt C bias. If a transformer-coupled
side of a great development. He is sixty years
amplifier is used, three stages instead of two may
tube
doesn't
give
any
too
much
light.
On
the
other hand, it seems likely that the arc will be be necessary unless the signals are good and
old, and has been working some twenty-five
more expensive than the neon tube.
years on photo broadcasting, television and a
loud. A three-stage resistance-coupled amIncidentally, the statement in the Westingplifier ispreferable, however, especially as qual- host of other things, yet he still retains an enhouse release to the effect that the demonstration
thusiasm which seems to charge his whole staff.
ity improves. An amplifier of this type properly
Jenkins' attitude, that of getting a thrill out of
held August 8th, 1928, "was the world's first constructed will pass the higher frequencies
demonstration of radio movies and posSibly the which would be cut off by a transformer-coupled
working with something new, and putting together stuff that frequently utilizes some gadgets
most astounding of the many advances in the amplifier.
The
cost
of
a
television
receiver
disc
neon
from
the
junk box, is that of a born experimenter.
science of radio announced in the past year," is
rather surprising since, as mentioned previously,
lamp and motor will vary, depending upon the Do you want to experiment with television?
Then answer this question: Can you get a kick
parts used. Forty or fifty dollars should cover
from twisting dials and rheostats for a couple of
it in all cases. Table 2 shows the companies which
are at present manufacturing apparatus for use in hours to get finally some fleeting, perhaps hardly
television reception.
recognizable image in the viewing window of a
Complete details for the construction and
scanning disc? Or do you have to see the previously mentioned Babe Ruth knocka homer to get
operation of a television receiver are not given
a thrill?
here, but will be the subject of a future article.
In these pages we have aimed merely to make
Although the cases aren't exactly synonyclear for the readers of this magazine the present
mous, think of the thrill Galileo got out of lookstatus of experimental television.
ing through his glass — the first telescope. As a
FIG. I. HOW JENKINS CONyoung lad, Galileo used to watch the candelaCONCLUSIONS
TROLS THE DISC SPEED
brum in the cathedral swing slowly to and fro; he
IN RESULTS, none of the demonstrations
timed its motion by the pulse beat in his wrist,
and thought of using such a device for the
Jenkins has been transmitting radio movies ever
1 which we have seen, possibly with the excepmeasurement of time. In later life he invented
tion of those by the American Telephone and
since July 2nd. Furthermore, in the May, 1927,
issue of the Bell Laboratories Record we read,
the telescope, and with it saw thousands of stars
Telegraph Company, first held on April 7, 1927,
among other statements, that during research in produces pictures which hold one's interest for never before seen by man. In 1610 he wrote to
any length of time. The present appeal of the art
television, "a strip of motion picture film was
Kepler:
projected from a standard machine upon a is not one of receiving good pictures, but is to do
"Oh, my dear Kepler, how I wish that we
could have one hearty laugh together! Here, at
photoelectric cell. The moving picture of this at home — all by oneself — what is demonstrated
Padua, is the principal professor of philosophy,
film was then re-created for an observer by re- in the laboratories of a large corporation with
whom I have repeatedly and urgently requested
the aid of a thousand engineers, and a million
ceiving equipment involving a suitable neon tube
to look at the moon and planets through my
and a scanning disc." But whether first or last dollars worth of apparatus. When one sees such
the Westinghouse tests are of interest to experi- a demonstration, its greatest appeal — of doing it glass, which he pertinaciously refuses to do.
menters as another possible source of television
oneself — is lost, and there remains nothing but Why are you not here? What shouts of laughter
comparatively poor reception of the image of a we should have at this glorious folly! And to
signals.
hear the professor of philosophy at Pisa laborperson, made pink-faced because of the characAPPARATUS FOR RECEPTION
teristic glow of the neon tube in the receiver.
ing before the Grand Duke with logical arguments, as if with magical incantations to charm
Television, then, is still the province of the exHpABLE 1 sums up the situation with as comperimenter, the man who likes to do h s own
the new planets of the sky." Some joy is surely
* plete a list as could be obtained of those who
pioneering. And to the experimenter it should be to be derived from doing what hasn't been done
expect to transmit television signals. The table
a thousand times before.
also gives the data one must have in order to among the most fascinating of all the fields
receive the programs. In this connection the important facts are the number of holes required
TABLE II: WHO IS MAKING TELEVISION APPARATUS
in the scanning disc and the speed of the disc.
The column headed number of pictures per secName of Manufacturer
ond is equal to the speed of the disc in r.p.m.
Apparatus
divided by 60. The table shows, among other
Daven Corp.
Motors, scanning discs (either 24, 36, or 4& holes), neon tubes, rheothings, lack of cooperation for as many as five
stats for controlling motor speed, completely assembled resistancecoupled amplifiers. Complete kit for about $45.00
different scanning discs (or one scanning disc
Complete kit listing for $52.50, containing scanning disc with either
with five sets of holes: 24, 36, 45, 48, and 60)
Insuline Corp. of America
24, 36 or 48 holes, motor and control apparatus, magnifying lenses
would be required to receive all of the stations.
(to make the picture appear larger), hardware
A complete television receiver consists of a
National
Co.
48-hole
scanning disc. Price: $15.00
tuner, which may be any ordinary broadcast
Raytheon Mfg. Co.
band or short-wave set depending upon whether
Kino
Lamp.
A neon
receivers. Price:
$12.50lamp with TJ" plates for use in television
the signals to be received are being transmitted
Interstate Electric Co.
Type M2V Baldor television motor. Price: $23.00
on the broadcast or short-wave bands. Strong
signals are required for the operation of the neon
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FIG. i. THE RECEIVER WITHOUT THE CABINET
Compact construction ma\es this nine-tube super -heterodyne occupy a smaller
space than most receivers of the same number of tubes. All the tubes except
the antenna input and audio tubes are housed in the shield cans in the rear.
effect of heterodyne squeals has been practically
ITH the steady increase in the number
described herewith was developed. As it has been
of broadcasting stations operating in developed, this receiver does not depend upon
done away with, even when the receiver is operated in such congested centers as New York and
the frequency band of 550 to 1500 kc.
the selectivity usually obtained in the intermeChicago.
that has taken place in the last several years, the
diate-frequency amplifier at the expense of tone
efficacy of the super-heterodyne system of recepquality, or upon the apparent selectivity resultTHE DESIGN OF THE RECEIVER
tion has gradually dwindled, for the characterising from the frequency changing action. To provide ahigh degree of selectivity, the input to the
tics of the typical super are such that the effecIN FIGURE 1, the receiver is seen with the
cabinet removed. The set has been designed
first detector has instead been designed to provide
tive selectivity of the oscillator dial is practically
to be enclosed in a console or table cabinet to suit
in itself practically all of the selectivity required
halved due to the basic principle of the system.
for this rather unusually sensitive set. This end
This and the accompanying fact that the average
the builder's fancy, though it is particularly
adapted to the new S-M metal cabinet which
super-heterodyne, besides repeating stations at is attained through the use of a 3-stage radioadds to the effectiveness of the shielding in the
two or more points on one of the two tuning
frequency amplifier, tuned by a 3-gang condenser
dials, will bring in a multiplicity of heterodyne
set. Figure 4 shows the details of the receiver
to any desired wavelength. This amplifier is sufsqueals, has militated against the advantages of
assembly with the copper stage shields which
ficiently selective in itself to provide effective
enclose all r.f. circuits removed, and
this system, such as the high amplification
with all parts labeled as in the parts
possible, until to-day it is quite safe to say
list. In Figure 2 is the schematic circuit
that a good 6-tube screen-grid t.r.f. receiver
diagram of the receiver, while Figure 3
will outdistance an ordinary 7 or 8-tube
^KA^NY of us have probably operated a super-heterosuper-heterodyne in the matter of actual
iVJ dyne wbicb would tune-in a single powerful local shows the set with tubes in place but
distance reception, primarily due to the station at four and sometimes six or more points on the shields removed.
The receiver consists essentially of
greater effective selectivity rather than
dial. This condition is due to two factors: (a) insuffito the greater sensitivity of a t.r.f. set. The
cient selectivity in the tuned circuits preceding the first a three-stage broadcast band t.r.f. amusual method of obviating repeat points detector, and (b) the generation of harmonics by the oscilplifier employing three screen-grid tubes
a screen-grid first detector. Coupled
upon a super-heterodyne is to use an interlator. There are two methods of overcoming these difficul- and
into the screen lead of the first detector
mediate frequency so high that the sepaties. One of these methods is to raise the frequency at which
ration upon the antenna tuning dial of the intermediate amplifier is designed to operate to a is the oscillator, which is of conventwo stations which may be heterodyned
tional type. Following the first detector
value such that the second point {and the harmonics) of the
by a single given oscillator adjustment is oscillator cannot, for practically all dial settings, beat with
is the two-stage 65-kc. intermediate amplifier and the second detector. All of
so great that the repeat point is either be- any station except the one desired to produce the proper
these circuits are individually shielded
yond the required oscillator range (for the
frequency to be amplified by the intermediate amplifier.
majority of signals) or so far separated
in small copper cans with removable
This method was used in the receiver described by Mr.
sides and tops for easy access. Following
as to impose no undue selectivity reW . H. Hollister in the September issue.
the second detector is a single stage of
quirement upon the antenna circuit. This
The second method of making fool-proof the operation
audio amplification utilizing the new
system in a measure vitiates the princi- of a super, uses one or more stages of ordinary r.f. ampal advantage of the super-heterodyne
plification ahead of the first detector, so that practically all Clough system. The receiver is intended
which is the higher amplification, ob- the required selectivity (as well as some gain) is obtained
to operate with an external power amplifier inorder to provide a high degree of
tainable at low radio frequencies, than
in
this
amplifier;
the
intermediate
amplifier
then
funcmay be had at such high intermetions to amplify greatly the signal without being also tone quality. Because of the desirability
diate frequencies as are encountered
called upon to supply all of the necessary selectivity. The of a 2 10 or 250 type output tube to prevent
in the r.f. amplifier of a t.r.f. set or receiver described in this article employs this second overloading it has been thought best to
as are necessary in the i.f. amplifier
omit this last stage tube from the receiver
method.
— The Editor.
of a successful one-spot super. This
assembly. Despite the apparent complication of the r.f. amplifiers involved, the
factor makes some one-spot supercontrol of the receiver is simplicity itself,
heterodynes actually inferior to a good
t.r.f. set of two less tubes.'
for the 3-gang t.r.f. amplifier condenser is
selectivity and at the same time a high degree of controlled by the left-hand drum dial of Figure
Bearing in mind that a low intermediate fre1, while the oscillator condenser is controlled by
quency isnecessary to realize the full amplificar.f. amplification. By this means the supertion possibilities of the super-heterodyne system
the right-hand dial. Sensitivity of the t.r.f. amheterodyne system has been freed of any drawback resulting from oscillator dial repeat points
and that the frequency changing feature of the
plifier iscontrolled by the small knob at the lower
attendant upon the use of the low intermediate
super-heterodyne must in no way be relied upon
left of the control panel escutcheon, Rj. This adto provide adequate selectivity under present
justment takes the form of a potentiometer
frequency necessary to provide really high ambroadcast conditions, the receiver pictured and
plification; and at the same time the disturbing
which varies the screen-grid potential of the
334
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Cable W
FIG. 2. THE SCHEMATIC DIAGRAM
if the plate lead of the detector tube, S4, is coil. (The oscillator and t.r.f. coils are wound
tubes. A similar potentiometer, R2, at the lower
right of the control panel escutcheon carries an
removed from the P post of the first interupon moulded S-M plug-in forms which fit any
on-off switch attachment and serves to vary the
mediate-frequency transformer and instead is standard 5-prong tube socket.)
In working upon the intermediate amplifier, a
screen potential of the two intermediate amconnected to post No. 2 of the first-stage audio
number of different transformer designs were
transformer, that the t.r.f .receiver resulting will
plifiers. The r.f. amplifier employed is very
evolved and tested, and in the course of this
similar to that found in the 6-tube receiver deprovide very satisfactory distance reception over
work the possibilities of standard i.f. transforscribed upon pages 281-283 of the September is- a range of several hundred to one thousand miles
mers now on the market were investigated. The
sue of Radio Broadcast, except that in this
or more, and selectivity which in itself is considerably greater than that obtained from many
S-M 210 transformers which are normally broadsuper-heterodyne a dummy input tube is utilized
to simplify tuning (since there is amplification
band iron core types were found to give excellent
ready-made receivers. This arrangement may be
results with screen-grid tubes and due to their
resorted to for preliminary testing of the reand sensitivity to spare) and a screen-grid first
detector is employed. The 222 tube is used here
comparatively small primaries, functioned as
ceiver. (While a screen-grid detector tube would
not work into an ordinary audio transformer at
for a number of reasons, among them the fact
rather sharply tuned transformers, giving an amall satisfactorily, the characteristics of the
that the effective selectivity of the first detector
plification of65 per stage at 65 kc. and a band
circuit is somewhat greater than would be the
width of about 10 kc. at forty per cent, of maxClough audio system are such that a screen-grid
case were a 201 a to be used with the same circuit
detector may feed directly into a transformer of
imum amplification — a quite satisfactory characteristic for an intermediate amplifier.
arrangement.
this type with a quite satisfactory resultant
The intermediate amplifier tubes are S6 and
frequency characteristic.)
The receiver is mounted upon a steel chassis
S7, the second detector S8, and the three i.f.
The oscillator coil, L4, has a grid winding
2 1 1" long, 9rt" wide, and f" deep. At the left end
transformers are Ti, T2, T3. The second detector
equivalent to the r.f. transformer secondaries
(as in Fig. 4) is the first r.f. tube. Its grid circuit
is connected across an antenna resistance, Ri2,
and in addition a coupling coil consisting of
employs a grid condenser and leak for rectification, while the first detector has really no means
attached beneath the chassis to ground and an35
turns
of
No.
34
d.c.c.
wire
on
a
ij"
tube
and
a tickler coil wound in a slot at the bottom of the
provided to effect rectification. While this may
tenna binding posts BPxand BP2. This tube feeds
seem peculiar, it was observed in operating tests
form consisting of 35 turns of No. 34 d.s.c. wire.
the two tuned r.f. amplifier stages utilizing tubes
that due to the effect of the impressed oscillator
S2 and S3, while S3 feeds the detector stage in- The grid winding of the oscillator is shunted by
cluding tube St. The three tuned circuits are
the 0.00035-mfd. condenser, TC4, controlled by
voltage, very satisfactory detection was obdrum dial D2. A small r.f. choke coil, L5, is
tained even though none of the usual precautions
identical and employ r.f. transformers having
were employed in the circuit to insure it. This
placed directly under the oscillator coil base with
secondaries consisting of 985 turns of No. 29
its axis at a right angle to the axis of the oscillator
being the case, it was thought best to take adenameled wire wound upon a threaded bakelite
vantage of this propitious
tube in a space \\" in dicondition and discard the
ameter and \\" long. These
usual adjuncts to rectificasecondaries are tuned by
tion, such as grid condenser
sections TCi,TQ,TC3 of the
and leak or C battery,
0.0003 5-mfd. die-cast gang
which seemed only likely
condenser (each section is
equipped with an individual
to add complications without any resulting gain to
trimmer). The r.f. transthe
receiver.
former primaries are wound
In actual operation this
with 35 turns No. 38 wire
9-tube super-heterodyne
upon a 1 1" tube placed at
operating into a power
the filament end of the secamplifier stage has allowed
ondary. Individual 10-ohm
filament resistors are used
reception of
weak within
outof-town
stations
for each of the first four
10 kc. of any Chicago local
screen-grid tubes and the
station when the receiver
screen-grid and plate cirwas operated in residential
cuits are bypassed by
districts. In comparative
i-mfd. condensers to
provide very short r.f.
tests against other receivers, it was found that this
paths and thus prevent
super-heterodyne
would
FIG.
3.
WITH
THE
SHIELDS
REMOVED
disturbing interstage coupling. In preliminary tests
in every case show a conScreen-grid tubes are used in the three r.f. stages, the first detector stage, and the two i.f. stages. A
siderably higher noise level
it has been found that
cx-joiA tube is used for an oscillator , and 1 izh tubes in the second detector and first audio sockets.
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FIG. 4. THE RECEIVER SEEN
when adjusted to maximum sensitivity. This
condition was thought to indicate a very satisfactory degree of sensitivity indeed — a value so
high that it could not be utilized in the warm,
summer weather due to the high noise level.
During preliminary tests small 50 and 100-watt
stations 1000 or more miles away were received
with loud speaker volume, and the more powerful
stations on the Atlantic and Pacific coasts, and
in fact in all parts of the country, were received
with excellent volume whenever the noise level
was low enough to let these stations be separated
from the noise.
CONSTRUCTION AND OPERATION
THE construction of the receiver itself is quite
simple. The parts employed in the model
described herewith are listed at the end of this
article, the listings being accompanied by the
designating letters seen in the various illustrations and in the circuit diagram. Despite the
apparent complexity of the circuit, the receiver
is very simple to put together for it is built up
upon a very ingenious pierced steel chassis which
is available in the open market. On this chassis,
which incidentally is suited to the mounting of
a number of different types of receivers, all necessary wiring and mounting holes are pierced so
that to assemble the set it becomes necessary
merely to put the various parts in the different
stage shields as seen in the photographs and then
to bolt these stage pans to the chassis itself, along
with a few other parts. The wiring is quite easily
handled, as all leads are short and direct and the
use of the metal chassis as the A minus, B minus
and C plus common circuit return eliminates a
large number of connecting wires. The only parts
mounted beneath the chassis are the three i-mfd.
bypass condensers, Qo, Cn, Q2, the antenna resistance, R12, and the rheostat, Rio, (the adjusting screw of which is visible in Figure 4). The
connecting cable used simplifies the battery connection to the receiver and eliminates the multiplicity of binding posts ordinarily used for this
purpose.
The testing and operation of the receiver is
most simple, it being necessary after it has been
assembled, wired, and checked, merely to connect
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the necessary A and C batteries (or light-socket
power units) to the battery cable and then to
connect the proper leads of the cable to the Bvoltage binding posts of a single-stage power
amplifier and B supply. (The receiver may not
be operated satisfactorily from dry B batteries,
since the current drain on the 45-volt circuit is
approximately 30 milliamperes — though the total current drain of the whole receiver is only 40
mA). A good standard B-power supply should be
used for the set if a power amplifier is not employed, though the latter is distinctly desirable
since it is never wise in the interests of good tone
quality to operate a loud speaker directly out of a
single audio stage following a detector tube.
Nevertheless, this may be done for test purposes
and until the builder can afford an amplifier, for
the receiver will give very good loud speaker
volume without the use of a power output stage
(which should preferably be a 210 or 250 pushpull stage).
In operation, stations are tuned in upon the
Selector 1 and Selector II dials, and volume and
stability is adjusted by means of the two small
knobs on potentiometers Ri and R2, the set is
turned off by turning R2 to the off position. The
stations will be received at only one point upon
the left-hand dial and at two points upon the
right-hand dial. This condition, however, is no
disadvantage, for the selectivity of the r.f. amplifier isso great that there is never any possibility
of two stations, for which a single oscillator setting will serve, coming through the receiver at
one time — the short-wave t.r.f. amplifier absolutely prevents this usual source of super difficulty. This receiver cannot be operated at maximum amplification adjustments except in locations having a most unusually low noise level
and under the best of weather conditions, for the
sensitivity of the receiver is such that in ordinary
residential districts noises not heard on most
receivers can be brought in with ear-splitting
volume; and of course many weak stations ordinarily not heard come in with them. This, however, isno disadvantage, for by turning down the
gain controls of the receiver local programs can be
received with quietness, freedom from interference, and satisfying tone quality obtainable from
few other radio sets.

LIST OF PARTS
THE substitution of electrically and mechanically equivalent parts may be made in the
list below, at the builder's choice. The apparatus
in kit form, with all the necessary hardware, is
obtainable from several mail order houses, at
about $96.00 list price.
B — 1 S-M 701 universal pierced chassis
BPl BP2 — 2 moulded binding posts, consisting
of -g4,- screw, nut, and moulded top
Ci to Cj — 7 j-mfd. midget bypass condensers
C& — 1 0.0001 5-mfd. grid condenser with clips
C9 — 1 0.002-mfd. bypass condenser
Cm. Qi, C12 — 3 i-mfd. bypass condensers
D! — 1 S-M 806L (left) vernier drum dial
D2 — 1 S-M 806R (right) vernier drum dial
E — 1 S-M 809 dual control escutcheon
Ji, J2— 2 Yaxley 420 insulated tip jacks
Li, Li, L3 — 3 S.M 132B plug-in r.f. transformers
L4 — 1 S.M 132C plug-in oscillator
Lis— 1 S-M 275 choke
Ri, R2 — 2 meters,
Yaxley
type 530003000-ohm midget potentioR3 to R8 — 6 Carter RU10 io-ohm resistors
Ro — 1 2-megohm grid leak
Ri« — 1 Carter A3 3-ohm sub-base rheostat
Rn — 1 Carter H| §-ohm resistor
Ri2 — 1 Durham 1 50, ooo-ohm resistor
Sj to Ss — 8 S-M 5 1 1 tube sockets
S9 — 1 Naald 481 XS cushioned tube socket
SHi to SHj — 7 S-M 638 copper stage shields
SW — 1 Yaxley 500 switch attachment
Ti, T2, T3 — 3 S-M 210 long-wave transformers
T4 — 1 S-M 255 first-stage a.f. transformer
TCi, TC2, TC3 — 1 S-M 323 3-gang condenser,
0.0003 5-mfd. in each section
TC4denser
— 1 S-M 320R 0.00035-mfd. Universal con4 S-M 512 5-prong tube sockets
1 S-M 708 10-lead, 5-foot connection cable
2 S-M 818 hook-up wire (25 ft. to carton)
1 Set Hardware (furnished by Set Builders
Supply Co.)
To make
set operative, the following accessories are the
necessary:
62 cx-322
able) I2A tubes
cx-i
tubes
1 CX-301A tube
Power amplifier (210 or 250 push-pull preferB-power unit (135 volts maximum)
Source of A and C voltage
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est possible number of cities. Several stations of nels to super-power stations endowed with
^T THE recent series of hearings before the
Federal Radio Commission, a hundred
that power can be assigned to the same channel,
exclusive channels. This would provide a maxistations attempted to show cause why
if separated by a minimum of 500 miles. Were
mum of 89 stations of 50,000 or 100,000 watts.
tney should be allowed to continue in operation.
all of our 89 channels assigned to this service ex- A station of 50,000-watt power has a "high
The evidence proved to be a most comprehensive
clusively, there would be a maximum of 1157
range of 90 miles and a "satispresentation of the case of the smaller broadcastlocal service stations. The maximum area receiv- grade" service
factory" service range of 360 miles. The total
ing station. So eloquently did some of the owners
ing satisfactory service would be 1 ,839,630 square
area receiving "satisfactory" service coverage
of the condemned stations present their story
miles, or approximately half the area of the from 89 such stations would be 36,236,350 square
miles. Therefore, were these stations
that many a hard hearted enemy of
broadcasting congestion felt that means
""I spaced equidistantly, there would be
STATION POWER AND SERVICE RANGE
must be devised to take care of as many
twelve 50,000-watt stations within 360
worthy local stations as possible. Not
miles of every point in the United States.
Range
No. in
Area Served
only must the rights of listeners to good
The
high-grade service coverage would
High
Station
Miles
Power in U. S. per Separation
HighSq. Miles
in Miles
reception be considered but also that of
Watts
be
13,747,830
square miles. . In other
Channel
factory
{min.)
communities to broadcast.
words, the listener would have a choice
Grade factory
65
Grade
22.5
of four stations within high grade serThe whole question is: To what de7
50
13
500
3
gree shall good reception for the greatest
vice range and twelve within satisfac314 Satis500
3
1250
10 Satis1590
2827 13,273
1.5
3000
30
number and the widest areas be sacritory service range, no matter where he
5000 or
1
6000
90
360
407,150
50,000
154,470 80,427
160
was located. With 11 57 50-watt staficed to the self-imposed wish of a
over
minority of communities to broadcast?
tions, only 8099 square miles of the
, I United States would have high grade
No one would oppose extension of broad- I—
service.
casting facilities toany community, however small, did not such a policy inevitably re- United States. Assuming equal geographic spacAny tween
plan
allocation
is a few
compromise
bethese of
extremes.
Either
communities
strict enjoyable listening to that limited number
ing, there would be a carrier on every dial setting
will
have
radio
as
a
medium
of
expression,
while
within the high grade service area of a local sta- of the receiver, but a program of satisfactory
tion. But even disregarding the listener's rights strength could be received in half the area of the the listener, no matter where he is located, will
entirely, how many of the insatiable host of radio country on but one dial setting. The other half have a considerable choice of powerful stations,
or else many communities will have opportunity
advertisingstations, most of them parading before
of thevicecountry
have no "satisfactory"
ser- to place themselves on the air for local service
whatever. would
No allotment
would be made
the commission as altruistic local service stations,
could be accommodated were the entire broadto higher powers on this basis, so that the listener, while the actual area getting high grade service
casting band devoted to their exclusive use?
tiring of his one local station, could not take would be significantly reduced.
The table on this page, taken from Using Radio
In spite of the obvious local sentiment for the advantage of high grade regional stations.
in Sales Promotion, gives the average number of
The other extreme which could be adopted
continuance of some of these community stations,
the statement remains unrefuted that no great would be to give virtually no consideration to stations per channel, their minimum separation
number of them can be taken care of without
and their service ranges and areas. The average
the rights of communities by assigning all chanof one and a half stations per channel of
making high-power broadcasting impossi5000 watts is based on the fact that two
ble. From the engineering standpoint, the
stations of such power may be placed at
capacity of the ether is strictly limited to
diagonal extremes of the United States,
a definite number of stations of a given
while in any other location the 5000-watt
power per channel, separated by a definite
station must have an exclusive channel.
minimum distance. As early as March 24,
The table also shows that there is no
1927, a member of the staff of Radio
gain in frequency space by reducing the
Broadcast presented to the Federal Ramaximum power from 100,000 to 10,000
dio Commission a comprehensive plan for
watts, or any other such figure, as is often
broadcast station allocation which definitely appraised the station capacity of the
suggested, because a 10,000-watt station
takes as much ether space as a 100,000broadcast band and provided for equitable
distribution of channels by areas. The plan
I watt station.
The most important argument against
proposed that the United States be divided
into areas 500 miles square, and laid out
the high-power station is that the total
number of radio broadcasting stations in
a definite quota of high-power, regional
the United States is reduced in proportion
and local stations of various powers which
could be accommodated for simultaneous
to the number of high-power stations permitted. A few large stations naturally
operation in each area. It pointed out that
tend
toward
the centralization of broadthe Commission's first task was to apcasting in a few organizations, because
praise the capacity of our 89 broadcast
channels and then allot their facilities
high-power stations are unprofitable unless they draw upon the finest possible
equally to specific areas. Only now is the
program sources and the most fruitful
Commission beginning to do all of these
revenue producing programs. The other
things.
extreme is in the establishment of many
With respect to local service stations,
community stations of low power and
the plan pointed out that 50-watt stations,
JUST BEFORE MAKING RADIO HISTORY
necessarily of low program merit.
providing "high grade" service for three
At Signal Hill, Newfoundland, Senatore Marconi, in the center,
It is our opinion that the low-power
miles and "satisfactory" rural service for
Mr. C. S. Kemp (left) and Mr. P. Paget (right) arc pictured with
station should be encouraged in sparsely
22.5 miles, were adequate to meet the
a basket containing a balloon that they hope will carry an anpopulated sections where there is no rearequirements of local communities broadtenna on which to receive radio signals from Poldhu, England,
sonably good service from high grade
casting for the benefit of a particular city
Time: December, igoi. The balloon was carried away in a
stations,
but that in populous areas,
and its environs and would make it possigale, but a kite was used, and the historic letter " S " came through
with
many
independent broadcasting sta_
ble to provide such facilities for the greatfrom England — the first transatlantic radio signal ever received.
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tions, the standard should be reasonably high.
tion's troubles laid at the doors of incompetent
this fall, the Commission's announced intention
crystal grinding that alarmists were ready to to apply regulation to this new form of program
Radio, after all, is not for the benefit of the broadis a matter of general interest to the broadcast
casting station management or owner, but for charge that a conspiracy was on foot to destroy
listener and the management of broadcasting
the listener. To the average listener it represents
smaller stations by supplying them with inacstations.
curately calibrated crystals.
a greater sacrifice to restrict the range of
There are two classes of image transmission
Without an accurately calibrated crystal, it is
regional and national stations, a real program
to consider: (1) those systems involving the use
loss to immense areas, than to lose the chamber
impossible to maintain a station on its frequency.
of the conventional radio telephone broadcasting
of commerce and the local glee club program,
Only by diligent observation and constant checking against an accurate crystal can a station
equipment, capable of radiation upon the stanindifferently released by an inadequately fidard broadcast channel without infringing upon
maintain its correct position in the broadcasting
nanced and low-power local broadcasting station.
neighboring channels; and (2) those using new
The evidence brought before the Commission
spectrum at all. Occasional deviation is unavoidmethods of transmission and attempting the
in behalf of the local stations was almost entirely
able; consistent deviation inexcusable. The presradiation of an excessive number of image iment standard of 500 cycle maximum deviation
drummed up by the station managements themis reasonable, but license revocation for a few
pres ions so that they radiate signals audible
selves and tended to produce an exaggerated
violations is entirely too drastic a measure in the on neighboring channels.
conception of their local service, not always
Before regular audiences are established for
present state of the art. Suppliers of crystals, in a
shared by the listeners. The large, loyal fallowthe latter type, which appears to include every
ings and the program merit of the high grade,
position to grind them to the accurate requirehigh-power stations is axiomatic and has never
ments of broadcasting, are few in number. In- attempt at television transmission so far made,
stead of accepting the responsibility attendant
regulatory orders should be issued which defirequired substantiation in the form of affidavits
nitely limit all transmission in the broadcast
by politicians. Let us place the right of the lis- upon that position and giving the substantial
band to a maximum channel width allowable
tener to hear above that of the politician to shout.
aid they might to the conscientious broadcasters, these few suppliers allow months to pass without interference with neighboring channels.
SPECIFIC EVIDENCE FOR THE SMALL STATION
The Commission would be placed in a most
between the acceptance and filling of an order
embarrassing position if it found broadcasting
\ A OS T of the evidence brought before the
and
are not
above
the Government's
disrupted by television signals, after thousands
measures,
rather
thanblaming
the defects
of the crystal,
* * Commission was in the form of impaswhen a crystal is found to be off frequency.
sioned speeches by station owners, supported by
of listeners had equipped themselves with scanlocal politicians. Senator Curtis of Kansas,
ning discs and neon tubes in the attempt to refor instance, swore out an affidavit in behalf of
ceive these signals as television images. There
Regulations
for
Television
and
Picwgl of New York City, a station notorious for
should be no attempt to throttle the developture Transmission
ment of television, but traffic evils in the ether
consistently wretched quality of transmission
ONSIDERING the rapid spread of cannot be safely disregarded. The Commission
and mediocrity of programs. The one occasion
on which it really attracted attention to itself
picture broadcasting from coast to coast
is fully
by theused
RadiowithActrespect
to "regulate
c and the known intention of a great many
the
kindempowered
of apparatus
to its
was when it proposed to broadcast the mutterexternal effects and the purity and sharpness of
ings and shriekings of the inmates of an insane
additional broadcasting stations to undertake
the emissions from each station and from the
television and the broadcasting of radio picture
asylum. With such examples as these, the Commission undoubtedly disapparatus therein." It may
counted greatly any evidence
therefore require that transmis ions inthe broadcast band
put into the record by politicians whose objective was obbe kept within definite 10-kiloviously to win local sentiment
cycle limitations.
Certainin television transmissions
the
rather than to help broadcastbroadcast band can now be
ing.
Some stations were able to
heard twenty, thirty and even
show specialized local service
fifty
above andto the
beof considerable merit. It is for
lowkilocycles
the channel assigned
station
radiating
them.
just such stations that we urge
As for picture transmissions,
a limited number of local serhowever, which do not involve
vice channels. The fact that
any new character of signal with
good local stations are supported bylocal advertising acrespect to "external effects and
counts isto their credit, in that
purity and sharpness of emisit assures their economic indesions,"dictionthe Commission's
is limited to juristheir
pendence and the fact that, in
the opinion of advertisers at
bearing nienceupon
public
conveand necessity. Picture
least, they have substantial
transmissions made with the
audiences.
In the most unfortunate
conventional radio telephone
broadcasting stations are purely
plight were those stations
matters of program. They are
charged with excessive frequency deviation. Some of these
for a special class of broadcast
listener whose radio receiver has
were able to show that they employed the utmost diligence in
a picture-making attachment,
but these listeners are no more
checking their frequencies
a special class than are owners
against crystal oscillators purof farms for whom special farm
chased from companies of the
highest repute. Because the
programs are radiated, or forcrystals were inaccurately calieign language groups which are
brated or because months were
often favored by special programs of no interest to any
mysteriously required for their
other listeners.
delivery to the station, these
stations had no means whatever
The Commission is distinctly
barred from regulating radio
of maintaining themselves upon
their assigned frequencies. Their
programs. Itisdoubtful whether
the Commission may prescribe
difficulties were further complithat
a station shall not serve
cated by the fact that, at the
higher frequencies, stations are
THE MOST SOUTHERLY STATION
those of the radio audience deassigned with closer geographic
siring to receive pictures except
Until Commander Byrd gets to work in the jar south, this station at Prince Olaf Harbor.
within certain limited hours,
spacing and the effects of devia- South Georgia, will have the honor of being the most southerly of radio-telegraph stations.
tion are more disastrous as the
It employs a 500-watt Marconi telephone-tele graph transmitter, and it is used to control any more than it may restrict
frequency increases. In so the movements of whalers in antarctic waters. This photograph was taken in the summer,
the time devoted to philomany instances were the sta- when for a short time the snow partially disappears and a few plants may be seen.
sophical lectures, jazz music
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or direct advertising. Picture broadcasting is a
general service of pictures into the home. For
the present, this is a service principally to experimenters and pioneers — the same class which
initiated the broadcast boom in 1920 — and it is
unfair to pass special regulations restricting the
service to that growing group.
However, in one sense, the desired objective
of the Commission to restrict picture signals to
hours such that the public, seeking musical
entertainment, shall not be too frequently disturbed by picture signals, has already been
attained. Ninety per cent, of all picture transmissions take place during daylight hours when
the stations involved have heretofore been customarily silent. No program director is prepared
to force picture signals upon an audience predominately interested in tone reception, especially between the hours of eight and eleven in
the evening, and the maximum weekly schedule
of the stations now broadcasting pictures through
out the United States involves less than twenty
minutes of actual picture signal per week. This
is certainly not too great a concession to the
experimenter who looks forward to the day that
illustrated radio programs will be received in
every broadcast listener's home. In spite of the
doubtful validity of a regulation applying program restrictions, there is really no opposition
to the Commission's proposed course in limiting
the number of picture transmissions permissible.
Here and There
THE Army Air Corps, according to F.
Trubee Davison, Assistant Secretary of
War for Air, will install radio beacons at Mitchel
Field, N. Y., San Francisco, Cal., San Antonio,
Texas, Uniontown, Pa., Dayton, Ohio, and
Washington, D. C. Experiments prove that the
range of these beacons may be extended up to
2000 miles, if required.
/^HIEF Radio Supervisor W. D. Terrell
^ has issued an order to amateur and experimental stations, effective October 1, that they
use the intermediate "w," if located in continental United States, and "k," if in our territories or insular possessions, in accordance with
the plan adopted by the International Radio
Telegraph Convention.
A STUDIO is being installed in the new
administration building of the Board of
Education of Pittsburgh, Pa., in order that
educational programs may originate there for
radiation by kdka. Practically every school in
Pittsburgh has been equipped with a receiving
set and, at specified times, lessons on a particular
subject will be broadcast to all pupils of all
schools of a certain grade. Educational work
of this nature has been carried on in England for
several years. More than 4000 schools in London
and Daventry are equipped to receive programs
radiated through the British Broadcasting network.
Another experiment along educational lines
was conducted for a period of six weeks last
season by weei of Boston, and will soon be resumed on a more elaborate scale. From one
to one-thirty o'clock on Tuesday and Thursday
afternoons, the students of the S. A. Day Junior
High School of Newtonville held classes in the
assembly hall before the loud speaker. The success of the project was so marked that many
schools were equipped with radio receivers during the summer. The subjects taught last season
were French, poetry, music, science, history, and
geology.
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HOW IT S DONE IN JAPAN
Nipponese broadcasters use Western apparatus (in this case a Marconi 10-kilowatt transmitter), but they
manage to create the atmosphere of a Japanese print even in so mechanistic a background as this. The
photograph shows the modulator and amplifier panels of Station JOBK at Osaka, one of Japan s leading
broadcasting stations.
/CONTRIBUTIONS ranging from fifty cents
to two dollars were received by Tex Rickard as expressions of thanks from members of
the radio audience for making possible the broadcasting of the Tunney-Heeney fight. Rickard,
upon receipt of these donations, expressed the
opinion that they were evidence that the broadcasting companies have been receiving something
good for practically nothing for a long time. His
contract with the N. B. C. soon expires and the
probabilities
Rickard's
peace time
confer-to
ences will notarebe that
broadcast
for some
come. Eventually, however, a commercial
sponsor will probably be found for them.
THE Columbia Broadcasting System has
concluded arrangements with Station wabc,
operated for some years by A. H. Grebe &
Company, to become its alternate New York
key station on the evenings that wor is not available. Columbia chain programs have thereby
become nightly affairs, wor has also relinquished
Sunday afternoons and evenings in favor of
WABC.
A DVERTISERS are spending from ten to
twelve million dollars yearly in presenting
good will programs through radio, according to
Frank A. Arnold of the National Broadcasting
Company. This, it seems to us, is greatly underestimated, since it does not take into account the
money spent on local stations for advertising
announcements.
THE number of stations deleted from the
list of broadcasters as a direct result of the
notification to show cause, served on 164 stations,
amounted to but 36. All but 57 of the cited stations appeared at the hearings with witnesses
and affidavits, and 21 stations filed affidavits
by mail.
/CAPTAIN S. C. HOOPER has been made
Director of Naval Communications to
succeed Rear Admiral Craven, who has been
made commandant of the naval training station

at Great Lakes, HI. Captain Hooper has been
temporarily assigned to the Federal Radio
Commission as short-wave expert.
A LIST of frequency assignments for special
services on short waves was announced by
Captain Hooper, just prior to his appointment as
Director of Naval Communications. Six channels were reserved for communication between
airplane and ground stations; five channels for
communication between ships, ship-to-ship and
coastal stations by radio telephony; one channel
for police departments; three marine calling
frequencies; two groups of frequencies comprising eleven channels for experimental purposes;
five for geo-physical purposes; six for railway
communication between engine and caboose;
four for scientific expeditions and yachts, in addition to their usual calling frequencies; three for
portable stations and twenty for power line
control. This latter generous allocation should
certainly satisfy the power companies.
A PPEARING before the Federal Radio Com** mission on May 14, 1928, to request a
great number of 100-kilocycle width channels for
television purposes, Dr. Alfred N. Goldsmith
of the Radio Corporation of America stated:
" Radio television is at a stage where it is prepared to leave the seclusion of the research laboratory and to enter into the daily affairs and uses
of men. Intensive development work of an experimental nature has already been carried on
and transmission of television material is at
hand through confidential experiments and transmissions carried on at Schenectady, Pittsburgh,
and New York. In other words, television is not
a vague and remote project, but, while still
experimental, is an imminent and plausible
After pointing out that uninformed television
broadcasters would transmit an endless series o\
possibility." pictures which would benefit only
unsatisfactory
oculists in the proportion that they would ruin
the eyesight of the public, Dr. Goldsmith continued: "In the interests of saving both the
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vision and the television of the public, only an
experienced and responsible organization, such
as the Radio Corporation of America, should be
granted license to broadcast television material,
for only such organizations can be depended
upon to uphold high ideals of service." If these
statements are universally accepted, all but the
R. C. A. will quit the television field.
A MONG the suggestions made for increasing
the number of local communities which
may be represented in the ether by -broadcasting
effusions, came one from Senator Edwards of
New Jersey to the effect that 25 channels be
set aside for stations of 5000 watts power or
more, leaving 52 channels for 500-watt stations
and 12 channels for stations of 250 watts power
shared with Canada. The average number of
500-watt stations which can be accommodated
on a single channel is not higher than three, although there is a theoretical maximum of six,
so that the Senator's plan provides for about 150
500-watt stations and for from 25 to 50 stations
of greater power. The seemingly liberal plan
therefore represents an even more drastic cut
than that proposed by the engineers.
IN THE appointment of Louis G. Caldwell of
' Chicago as Chief Counsel for the Federal
Radio Commission, and Dr. J. H. Dellinger,
former Chief of the Radio Division of the Bureau
of Standards, as Chief Engineer, the Commission
has recruited to its ranks two of the most eminent
and competent men in their respective lines.
Caldwell, who is in no way related to his namesake, the Commissioner for the first district, has
made a most exhaustive study of radio law and
has represented important broadcasting interests. Dr. Dellinger's
reputation as a scientist requires no
rehearsal to any radio enthusiast.
He has been a public servant for
many years and, unlike most of those
few qualified to act in an advisory
capacity on technical matters to the
Commission, has no former association which might be deemed a dis? qualification by radical persons.
THE Bell Telephone Laboratories
demonstrated, on July 12, a new
photoelectric cell which is considerably more sensitive than any similar
device so farshown publicly. The original television transmitter and receiver, demonstrated over a year ago,
were used in the newer demonstration, and by application of the more
sensitive photoelectric cell, a full size
figure in motion was successfully televised. The new cell greatly increases
the range of vision of the eye of television and places even greater emphasis on the still unsolved problem of
conserving the frequency or channel
space required to transmit a television
image of sufficient detail to have real
entertainment value.
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less Telegraph Company. These royalities tend to
curtail American radioexports to England. American exports in 1926 to that country amounted
to $55,375 in sets and $34,089 in tubes.
IMPROVEMENT in the naval communica1 tions system is indicated by the fact that the
average time of messages between the Pacific
Coast and the Philippines has been reduced
to one hour and fourteen minutes in May, 1928,
as compared with seven hours and five minutes,
the average obtaining in June, 1926.
THE Radio Communications Board of the
Philippines decided to issue licenses only to
short-wave telegraph stations for remote districts where the services thereby established will
not compete with that offered by the Bureau of
Posts. Seven stations will soon be placed in
operation by that body.
D ECOGN1TION of radio broadcasting as an
agency for political propaganda has been
accorded by the major political parties through
the appointment of Joseph Israel II as radio
director for the Democratic National Committee
and O. P. Gascoigne to a similar office for the
Republican National Committee.
D EGININNING with a single installation in
ne, 1925, the Lighthouse Service now
has in operation twenty radio beacons along the
shores of the Great Lakes. In fair weather, these
stations
Junetransmit signals four times daily for a
half hour, permitting the taking of compass
readings. During heavy weather, they maintain
a continuous compass service.

A COMPANY has been formed in Sidney
to take over the control of two local broadcasting stations which were suffering from lack
of program variety and tendency to duplicate
features. This is the first step in merging all
Class A stations in a single system. It is said
that only the state-controlled station at Queensland will remain outside the pale, if the plan of
the new company is successful.
THE International News Service expects to
exchange press reports with Europe from a
station to be located at 59th Street in New York
City. Reception will be conducted at Leafields,
where re-transmission to all parts of Europe is
possible. The United Press will not attempt to
use radio in competition with existing communication systems, but will utilize its station
at Garden City for expeditions, important broadcasts and similar special services.
AT A meeting of the International Circulation Managers Association, it was brought
out that radio summaries of news features helped
newspaper circulation, but that radio has cut
the sales of extras on important scheduled events,
such as prizefights and baseball games.
/^~\NE million shares of Baird Television, Ltd.,
at five shillings a share, were subscribed
to by the English public recently. These shares
have risen in value upon circulation of a rumor
that the American rights to Baird Television
had been purchased. This public support of the
issue appears surprising in the absence of any
regular broadcasting of television images, and
in the face of the hostile attitude of the British
trade press, which issued an unanswered challenge to Baird to make
a public demonstration of television
by radio, posting a prize of five
thousand dollars.
A Delaware charter has been filed
by the American Baird Television
Corporation with a capital stock of
a million shares of no par value. No
doubt the public will soon be invited toparticipate in this enterprise,
possibly strin
advance
of any demonation ofBaird
equipment.
I ICENSED broadcast listeners in
Germany on April 1, 1928,
totaled 2,234,732, as compared with
but 2000 on January 1, 1924. The
license fee paid by these numerous
listeners amounts to fifty cents a
month each and the government
budget for the support of the nine
broadcasting stations maintained in
that country amounts to $12,500,000.

A

NEW Japanese broadcasting
station has been opened at Kumanoto of 10 kilowatts power, operating on 380 meters. The call letters
are jogk.
/^~\UR commercial attache in Lon^-^ don reports that an American
radio receiver, having five tubes, delivered at London at a cost of fortyfive dollars, must then pay royalties
of fifteen dollars to the Marconi Wire-
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WHAT S DOING ON THE POTOMAC
This open-air laboratory is part of the Bureau of Standards equipment for
testing the field strengths of broadcast transmissions, in an effort to help
in unraveling the present station allocation muddle. The transmitter is two
miles to the south, across the Potomac near Washington, and the engineer is
making a record of the field strength of various broadcasts.

THE British
Corpor-of
ation showedBroadcasting
a total income
$4,508,130
four
millionforwas1927,
fromof which
licensesabout
and
the balance from publications and
other sources. Of this revenue,
$2,438,640 was spent for program
material. The system was on the air
during the year for a total of 68,000
hours. There were 20 hours of breakdown. The number of listeners
amounted to 2,395,174, an increase
of 217,000 over the previous year.
Apparently, the numbers of listeners
in England and Germany are about
equal, but three times as much money
H. F.
was spent in serving —theE. German
system as the British.
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IN THE design of a modern broadcast receiver it is conceded that quality of
reproduction and selectivity are of prime importance. Also, in most cases, a high degree of
radio-frequency amplification is a distinct asset,
if it can be secured without loss of stability and
without affecting the preceding qualifications.
A high-gain r.f. amplifier preceding the detector
tube increases the sensitivity of the receiver as
a whole. Great sensitivity is highly desirable
from two standpoints. First, it enables the set
owner to receive programs from very distant
stations when he feels so inclined, and second,
it makes possible quite satisfactory reception
from local and moderately distant stations on a
very short indoor antenna even in unfavorable
locations.
Unfortunately, these three prime requisites of a
fine receiver, quality of reproduction, selectivity,
and sensitivity, are by no means independent of
each other. For example, the modern highquality audio transformers now available make
possible the construction of a practically perfect
audio amplifying system. If a power tube is
used in the last stage of such an amplifier and
its output fed into one of the better type speakers, the audio amplifying and reproducing
system leaves little to be desired. However,
this system can only amplify and reproduce what
is fed into it by the detector tube, which in turn
receives the signal from the radio-frequency
amplifier. Hence it is evident that even a perfect
audio system cannot provide a high quality
output from the loud speaker if distortion is introduced in the r.f. amplifier due, let us say,
to excessively sharp tuning, technically known
as "side band cutting."
In the same way selectivity and sensitivity are
incompatible. One of the reasons for this condition is not generally understood, and is even
more seldom taken into consideration. The
average receiver owner or experimenter bases his
judgment almost entirely on the "apparent"
selectivity. This is quite natural, in view of the
fact that the actual selectivity of a receiver can
only be determined by a series of very careful
measurements. The apparent selectivity of the

/~^\LD timers in the radio game who remember
the difficulty in getting a lot of current into
the antenna without the double humped resonance
curves which usually resulted from their efforts
may be shocked to learn that a use has been found
for such broadly tuned circuits. Since Dr. F. K.
V reeland gave his paper on band selector circuits
before the I. R. E. we have been waiting for the
receiver that would put into practice such ideas,
which consist briefly in making use of the "flat
top" tuning effect of closely coupled tuned circuits
or of the "staggering effect" of several circuits tuned
to slightly different frequencies.
The present Master Hi-Q receivers employ two
band-pass filters — that is, two circuits tuned to the
same frequency and coupled together, with the result
that the resonance curve is very flat over a range of
frequencies controlled by the constants of the circuit
and with very steep sides, so that unwanted stations
have more than usual difficulty in making their
presence heard. — The Editor.

ordinary radio set decreases as its sensitivity
increases. Therefore, of two receivers having
exactly similar "actual" selectivity and one
having, say, three times the sensitivity of the
other, the set having the higher sensitivity (or
amplification) will invariably seem broader or
less selective. This principle is very clearly
shown in Fig. i. Curve A is the response curve of
the less sensitive receiver when tuned to 600
kc. Assuming that no 600-kc. station is on the
air at the time no sound will be heard from the
loud speaker, as the sensitivity of the set is not
great enough to bring the 580-kc. station (which
is assumed to be on the air at the time) above
audibility. Curve B represents the response
characteristic of the more sensitive receiver, and
under the above mentioned conditions the 580kc. station will now be heard, since the increased
amplification
of thethemore'
sensitive
sufficient to bring
signals
above receiver
audibility.is
Thus it is quite easy to understand why the
more sensitive of the two sets will appear to be

less selective, although in reality one is equally
as selective as the other.
THE ADVANTAGE OF THE SCREEN-GRID TUBE
THE
222 type screen-grid
tube with low
its
high new
amplification
factor and extremely
plate to grid capacity would at first glance seem
to be ideal for use in r. f. amplifiers. The manufacturers of these tubes state that a voltage step-up
of forty or more per stage is obtainable at
broadcast frequencies. In addition the plate-togrid capacity is said to be of the order of onefortieth of a micromicrofarad or about one-four
hundredth as great as that between the plate
and grid of the 201 a type tube. Therefore
the appearance of the screen-grid tube, with a
capacity so small that neutralization is unnecessary, was welcomed by set designers, and
many circuits using them made their appearance.
Many of these sets did have enormous amplification, making possible quite satisfactory reception on very short antennas. The selectivity of
these sets, however, left much to be desired — so
much so that the tube acquired the reputation of
causing broad tuning.
In planning the set to be described the natural advantages of the screen-grid tube were
carefully considered, and the various methods
of overcoming the apparent disadvantages were
also investigated. Two stages of r.f. amplification
were decided upon as sufficient, as they could
reasonably be expected to produce an overall
voltage gain of more than one thousand. In order
to achieve a high degree of selectivity with this
amount of amplification some special form of
tuning is necessary. The conventional antenna
coupler and two interstage t. r. f. transformers
were found to be wholly inadequate in the
matter of selectivity, although the amplification
was good. The tuned plate-impedance coupling
condenser and grid leak arrangement specified
by the manufacturers of the tube was passed
up for the same reason. Calculation showed that
it was quite feasible to tune both the grid and
plate circuits of these screen-grid tubes. This
is one of the marked advantages of this type of
tube, since an attempt to tune both grid and
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Due to the inherent characteristics of loosely sponse curve. The top of the curve remains substantial y the same as shown in Fig. 2; the sides
coupled tuned circuits each of these doubly
tuned r.f. transformers really constitutes a band
become much steeper and the response approaches the zero line at a much more rapid
pass filter. This is quite clearly shown in Fig. 2.
rate.
In this figure is shown the tuning characteristic
[These percentages, when reduced to losses
of one of these double-tuned loosely coupled
transformers. The dotted line represents the in tu, give interesting
figures. At 20 kc. off
'■of
®
®
the discrimination of a
response curve of one tuned circuit alone, and the resonance, for example,
sclid line that of both circuits properly coupled.
resonant circuit — using Mr. Oram's
It will be noticed that the dotted curve of the single
percentages — is 14 tu, while the doubly tuned
circuit gives an additional 8 tu or a total loss of
single circuit is a typical resonance curve; very
22 tu. When these signals are passed through
sharp on the top at exact resonance and sloping
gradually toward zero as the frequency is in- an additional doubly tuned circuit this becomes
creased or decreased. On the other hand the 44 tu, and if the antenna stage has a discrimination of 10 tu at 20 kc. the total selectivity factor
solid curve of the double circuit is quite broad
becomes 54 tu, which is
and almost flat on the top
0
over about seven kilocycles,
INAUDIBLE RESPONSE [
the difference between sig600 610
nals from two stations at
580
but slopes more steeply on
KILOCYCLES
an
equal
distance from the
the
sides
and
the
response
FIG. I
receiver but differing in
approaches zero much
more rapidly above and bepower by a ratio of
jxmse char i circuit
low the resonant frequency.
250,000. — The Editor]
plate circuits of an ordinary amplifier tube inThe width and flatness of
These curves in Fig. 2 are
variably results in uncontrollable self-oscillation.
ingle tuna
the top of the solid curve
When both grid and plate circuits are tuned a based on actual measure.■'it
uleristieoj
Re
ments of one of the new r.f.
two stage r.f. amplifier has a total of five tuned
shown in Fig. 2 has an im-ptmse char
Ri
transformers
used
in
the
circuits, including the grid circuit of the first
tw
portant bearing on the
ry loos* tot
tube. This increased number of tuned circuits
quality of the received
Hammarlund-Roberts "Hi1
speech and music. This is
would naturally provide a marked increase in
due to the fact that broadWhile one of these doubleselectivity. In fact the scheme looked so good on
t
Qtuned
29- r.f. transformers prodo frequency,
not transpaper that an experimental receiver was conmitcaston stations
a single
/ /
vides an unusual degree of
%
structed embodying these ideas. The circuit dia/
but
rather
on
a
band Of
selectivity, the use of two
\\
gram of the experimental model was sub\
frequencies.
The
width
of
\
stantially the same as that of the finished resuch stages in cascade re1 V
aling 9 the side bands varies somesults ina vast improvement.
ceiver shown in Fig. 5. On test, this model perAs an illustration note that
what, depending on the
formed in a truly remarkable manner, greatly
transmitter ad j u s t m en ts
exceeding expectations. The r. f. gain was very
the response of an interand also on the type of profering signal at 20 kc. below
good — enough to bring in many distant stations,
resonance on the solid curve
gram being broadcast.
including one on the Pacific Coast. The selectiv1000 1010y \
of Fig. 2 is but 9 per cent,
ity was such that more than a dozen distant staThey are, however, generKILOCYCLES
tions were received while the local stations were
ally conceded to be about
or about yr of the reFIG.
five kilocycles wide for high
sponse at the frequency
operating. This test was made last May using
for which the set is tuned.
quality transmission. It is
a 75-foot antenna located in midtown New York
This
is for one stage only. After going through
therefore apparent that the receiver should be
THE COUPLING TRANSFORMERS
the second stage, however, the intensity of capable of amplifying a band of frequencies with
substantial uniformity if the program is to be
this interfering signal will have been reduced
THE remarkable performance of this receiver
received faithfully. Hence the desirability of the
can best be understood by consideration of to to per cent., or about rl^. At the same time
wide flat top on the overall response curve of a
the addition of the second stage does not mathe principles involved in its design. The interstage r.f. transformers are quite unique, in that
terially affect the shape of the top of the re- high-grade receiver. When the top of the rethey consist of two exactly similar coils.
sponse curve is sharp instead of flat all
One constitutes the primary of the transthe frequencies in the band are not amplified equally. Consequently certain of
former and is connected in the plate circuit of the preceding tube, and the other
these frequencies reach the detector much
stronger than others with the result that
coil acts as the secondary and is coneven the most perfect a.f. amplifier and
nected to the grid of the following tube.
Each coil is tuned to resonance with the
loud speaker will be unable to reproduce the program with its original quality.
desired signal by means of a 0.00035mfd. variable condenser. Due to the rather
The two double-tuned r.f. transformers
unusual mounting arrangement the muused in the Hammarlund-Roberts Hi-Q2o.
necessitate the use of four variable contual inductance or coupling between
densers— one to tune each of the four
primary and secondary is very small.
coils. Since all four of the tuned circuits
However, this does not mean that the
are identical these four variable conenergy transfer from primary to secondensers are rotated by a common shaft
dary is inefficient. On the contrary, when
two tuned circuits are coupled to each
actuated by a new model drum dial
other, the maximum secondary voltage is
having a smooth positive drive without
backlash. The tuned input circuit to the
obtained when the relation (2icf)2M2 =
R.1R2 is satisfied, where f is the frequency
grid of the first screen-grid tube, often
to which both circuits are tuned, M is the
referred to as the antenna coupler, is of
the conventional type having a tapped
mutual inductance in henrys, and Ri
and R2 are the effective radio-frequency
primary making it adaptable to different
resistances of the primary and seconlength antennas. The variable condenser
dary, respectively. In the case of the
tuning this antenna coupler is on a sepcoils used in the receiver under discusarate shaft and has a separate drum dial,
sion the maximum secondary voltage is
thus enabling this circuit to be tuned to
obtained with a coupling coefficient of
exact reasonance with the received signal.
the order of one per cent. The physical
FIG. 3. AN R. F. COIL
other design features
arrangement of the coils, as shown in Both
primary and secondary of this interesting transformer are
Fig. 3, was chosen because it seemed
'l'S in diameter and i\" long, wound with silk covered wire, THE volume control is quite out of
the simplest way to secure such loose about
the ordinary and is made possible
, 1 3" 80 turns of No. 28 wire being used. The detector input coil
mechanical coupling while still keeping the has a tap at about the twentieth catedhim
in Fig.from
5. the grid end, as indi- only by the characteristics of the
coils close together, thus conserving space.
screen-grid tubes. It consists of a
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100,000-ohm potentiometer, Ri, connected
across the 45-voIt B supply. The center
tap of this potentiometer provides a variable
voltage which is impressed on the screen grids
of the two r.f. amplifier tubes. The amplification
obtainable from these tubes varies within wide
limits as the voltage on the screen grids is
varied, being at maximum around 45 volts and
dropping rapidly as the screen-grid potential is
reduced. This provides a very smooth control of
volume within wide limits without affecting
quality or tuning in the slightest degree.
While the screen-grid tubes have a very low
value of capacity between plate and grid, thus
almost entirely obviating the tendency to feedback through the tubes themselves, this
advantage is nullified if feedback occurs in
other parts of the receiver. Taking this
into consideration, every effort has been made to
isolate all circuits in which coupling might result
in instability. The negative bias for the grids of
the r.f. tubes is secured by the drop across
individual 10-ohm resistors, R$ and R8 in
series with the negative leg of each screen-grid
tube filament. Since the screen grids of both
these tubes are biased by the 100,000-ohm
potentiometer, Ri, 5000-ohm isolating resistors,
Rio and Rn, are inserted in the lead to each of
the screen grids, which are in turn bypassed
by means of separate 0.5-mfd. bypass condensers,
Cs and Cio- The plate circuits of these tubes are
likewise isolated by individual filters consisting
of separate radio-frequency choke coils, Li and
L2, and bypass condensers, C9 and Cn. In addition to the above mentioned precautions the entire r. f. end of the receiver is thoroughly
shielded. Each stage is entirely enclosed in a
snug fitting aluminum box which is securely
fastened to the metal chassis. The screen-grid
tubes are so located that the leads to the control
grids are as short as possible and well removed
from the plate leads, which are also very short.
By placing these tubes between the cans as
shown in Fig. 4 the can sides are used also as
tube shields, effectively preventing coupling
between the tube elements and other parts of the
circuit. This arrangement provides the minimum
coupling between output and input circuits,
which is extremely important.
The audio amplifier is of the conventional
type consisting of two stages transformer
coupled. The a.f. transformers, Ti and T2,
have a very flat frequency characteristic over
the- usual a. f. range. An r.f. choke coil is placed
between the plate of the detector tube and the
first a.f! transformer to prevent any stray r. f.
voltages from getting into the a. f. amplifier.
A 171 type tube is recommended for use in
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FIG. 4. HOW THE INSTRUMENTS ARE MOUNTED
the last stage, although other types may be
used if suitable \, B and C voltages are
available.
a. c. OPERATION
ALTHOUGH the above description is based
on the battery operated model, a complete
all electric model has been developed. Arcturus a.c. screen-grid tubes are used and some
slight changes in wiring are required. Otherwise
the operating characteristics and set performance of the a.c. and d.c. models are identical.
Constructional data on the a.c. model may be
obtained from the kit manufacturers, or through
Radio Broadcast. Fig. 4 is a top view of the
a.c. set, which is similar in general appearance
to the d.c. model.
LIST OF PARTS
THE parts used in the d.c. laboratory
model
the below.
MasterTheModel
"Hi-Qis given
29" re-in
ceiver are of
listed
coil data
Fig. 3 in case it is desired to make these at
home. All the other parts are of standard design,
and substitution of other makes of equivalent
parts may be made.
Ai, A2, A3 — 1 Hammarlund coil set, No. HQ-29
O to C5 — 5 Hammarlund midline condensers,
0.00035 rnfd., No. ML-17
C6 — 1 Sangamo fixed mica condenser, 0.00025
rnfd.

FIG. 5. THE CIRCUIT OF THE "HI-Q 29"

C7 — 1 Sangamo fixed mica condenser, 0.001 rnfd.
Cs series
to Cn —2004 Parvolt bypass condensers, 0.5 rnfd.,
J— 1 Pair Yaxley insulated phone tip jacks, No.
Li, L2, L3 — 3 Hammarlund radio-frequencv
chokes, No. RFC-85
Ri — 1 Carter "Hi-Pot" potentiometer with
switch, 100,000 ohms, No. 11-S
R2 — 1 Durham Metallized resistor, 2 megohms
R3, R4, R5 — 3 Amperites, No. i-A
Re,(included
R7, R», R9in— foundation
4 fixed filament
unit)resistors, loohms
Rio,in Rn
— 2 fixed unit)
resistors, 5000 ohms (included
foundation
422
Ti,R-300
T2 — 2 Thordarson audio transformers, No.
Y —6601 Yaxley Cable Connector and Gable, No.
2 Hammarlund knob-control drum dials (walnut), No. SDW
5 Benjamin Cle-Ra-Tone sockets, No. 9040
2 Eby engraved binding posts
1 "Hi-Q 29 Master" foundation unit (panel,
shields, chassis, shafts, binding post strips,
clips, fixed resistance units R6> R7, R«, R9, Rio
and Rn, resistor mounts, and all special
hardware required to complete receiver.)
To place the set in operation the following apparatus isnecessary.
2 cx-322 tubes
2 CX-301A tubes
1 CX-371A tube
Source of A, B, and C voltage (6 volts A, 45,
90, 135 volts B, 4j and 27 volts C)
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THE COMPLETED TRANSMITTER
The transmitter is shown here with one set of plug-in coils and condensers (except the io-meter
coils, which are shown in Fig. 2) and with the small loop-and-lamp used testing the
oscillator and amplifier circuit.
A MATEURS are a curious lot — years
ago they should and could have had
just such a 1Q2Q transmitter as Mr. Kruse
describes in this article, a transmitter that
stays on the wavelength to which it is set, one
which delivers a good note, and in which
vagaries of antenna height or power supply
are prevented from affecting the frequency of
transmitted signals. The transmitter is an
oscillator-amplifier set-up that can he put
on the air "as is" or that can be used with
an external r.f. amplifier employing bigger
tubes. Or, as a later article will describe, the
present apparatus can be modulated by voice
and thereby provide rapid communication
over medium distances.
— The Editor.
'Y GOOD friend H. B. Richmond once
said that it is good practice to discount
warnings of radio troubles by 90 per
cent, in most cases but by 100 per cent, if a complete disaster is announced.
The rule has worked well for four years. It
happens that during those four years I have
probably written or edited as many stories about
American short-wave radio as anyone. For both
reasons I have the utmost confidence in applying
Mr. Richmond's entire 100 per cent, discount
to the present predictions of the calamities that
are to befall amateur radio transmission when the
bands are narrowed on January 1. 1029.
There is absolutely nothing to these dangers
except state of mind. No legal lightning will
strike the transmitting antenna; no one will be
arrested for owning a microphone; no startling
new apparatus will be needed.
A set not good enough for 1929 was certainly
never good enough for 1928; therefore, the set to
be described is no more of one year than of the
other. Furthermore it is in no way revolutionary
except in being so laid out as to permit the use
of all of the "practical" bands. Incredible as it
may seem, such sets seem not yet to have been
built, although their design involves nothing new.
M

the "practical" bands
|T IS necessary at the beginning to gain some
' understanding of the importance of breaking
away from the vicious habit of "choosing a
wavelength " or a pair of wavelengths, building a

transmitter for them, and then settling down until removed by force. The active experimenter
is not quite as guilty of this practice as the more
stationary "message handler." Unfortunately
the beginner is very likely to hear the latter
(who is constantly on the air) and to follow him
into the unhappy scramble on 40 and 80 meters.
As a result howling bedlam exists in those bands
and its occupants are sure they cannot spare
even one kilocycle from either band, whereas
1929 will cut the 40-meter band from 1000 to
300 kilocycles.
The present situation in the amateur bands,
with respect to wavelength allocations, is
summed up in Table [, on this page.
Analyzing this table, it seems at first that the
available space has been reduced from 15,000
kc. to 7485 kc, and the amateur deprived of
half his territory. However, of the 15.000 kc.
available to the amateur in 1928, the bands
actually used were only 4000 kc, and this includes the almost uninhabited 150-200 meter
band. The wavelengths below 10 meters were
v acant — some 1 1,000 kc. of ether space. Now for
1929 the available space on the 10, 20, 40, 80,
and 180 meter bands amounts to 3485 kc, and
this does not include some 4000 kc. on the
5-meter band which is crying for development.
We see at once that the saddest possible way
of looking at the thing is that we will drop from
4000 to 3485 kilocycles. Somehow that outlook
fails to depress me. It seems as if the beginner
will find quite as much room as before, while the
present station owner has but to bring his equipTABLE I
AMATEUR CHANNEL ALLOTMENTS
kc. in
Width

1928

1929
Wavelength
in meters
175—200
75—85.7
41.1—42.8
20.8—21.4
10.0—10.7
5.0^5.4
Below
5 not
reserved

Wavelength
Width
in285t
kc.
in meters
500t
300t
150—200
400f
75—85.7
2000t
37.5—42.8
18.7—21.4
2000
9. 99—10. 7
8000
4000
4.69—5.35
1000
0.7477—0.7496
0
0
5
*
00
201050000**
4000
kc.
3485 kc.
used now
practical
* Bands used in 1928.
Wands practicable in 1929.
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ment up to the requirements of a year ago in
order to be perfectly ready for 1929.
PRELIMINARIES
THE discussion and the table will have made
clear that we should have a set and an antenna capable of operating at a variety of wavelengths. Having set the transmitter squarely on
one of those wavelengths we are ready to begin
telephone or telegraph transmission with the
certainty of reaching someone.
The beginning of the whole business is this
ability to set to a known wavelength with a
transmitter which will thereafter stay on that
wavelength. Since we propose to work in 5 and
possibly 6 bands it would be very expensive,
complex and time-consuming to do this thing
with crystal control, nor is that necessary if a
suitable wavemeter is permanently stationed
alongside the transmitter.
It is perfectly possible to build a suitable wavemeter, but it is a difficult job even for the experienced experimenter who is assisted by calibration from a quartz crystal or else some new
standard frequency schedules from our good
friends of the Gold Medal Station WCC0-9XI9wi. It is much more satisfactory to purchase an
"amateur band wavemeter."
While the wavemeter is coming we have time
to explain to the newcomer in transmitting
what is required in the way of licenses. Two licenses are required, both being issued by the
Federal Radio Commission through the various
Supervisors of Radio under Mr. W. D. Terrell,
Chief of the Radio Division of the Department
of Commerce. The first license to be obtained is
the amateur operator's license. One should accordingly write to the Supervisor of Radio for
the particular district in which one lives and request information as to the manner of obtaining
theTheoperator's
license. in reply will explain how
papers received
the operator's license is obtained and at that or
a future time one is advised as to the station license which will state the station call and also
the wavelengths at which it may operate. None
of the examinations are hard, nor need any fear
be felt with regard to the test on code reception,
since the necessary skill can be acquired at odd
times by listening to short-wave stations and
ships with a plug-in coil receiver. If there is any
hurry the thing can be done more rapidly by a
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week or ten days of tutoring with an operator
and a buzzer. It is well if the tutor is very steady,
and rather undesirable if he is fast, or thinks he is.
THE QUESTION OF POWER SUPPLY
LIAVING done with rumors and law we may
' ' now get down to radio. There is space
in this article neither for the fundamentals of
transmission nor for a technical display of equations and curves, and the reader may therefore
assume the evil preliminaries to have been
completed before his arrival. The circuit of the
transmitter is shown in Fig. 1, and is a simple
v ariation of the Colpitts oscillator which permits
placing fairly large capacity across each of the
tube capacities whose variations ordinarily cause
wavelength changes. Even with such a circuit
the greatest steadiness is not obtained unless
it is protected from the variations of the antenna
system and from changes in filament and plate
voltage. The antenna variations can be kept
from tne oscillator (to a very large degree) by
interposing a stage of neutralized r.f. amplification; our set accordingly consists of a receiving
tube used as an oscillator with a somewhat
larger tube acting as amplifier. That idea is,
of course, very far from new and has during the
last few years been carried out in many forms.
To avoid the effects of voltage variation, the
use of the oxide filament type of tube represented
by the ux-112, or the UX-201A tube with the
thoriated filament, is recommended. Both of
these tubes can stand slight variations in filament voltage without much effect on frequency.
These are used where storage battery filament
supply is used for the oscillator, which is, of
course, desirable for the greatest steadiness.
Since a storage battery is more or less of a nuisance one may wish to use alternating current filament supply. A wide variety of tubes have been
tried on a.c. supply by the author, and very much
the best, when both steadiness and life are considered, have been the Arcturus Type 28 and
Type 30. Please understand that I am not criticizing other small tubes, which are doubtless perfectly good for their normal purposes.
The oscillator plate supply is obtained from a
180-volt battery of dry cells, which can be of the
size represented by the Burgess type 2308, or of
the larger size. This practice was first hauled out
of the laboratory and into transmission practice
by Mr. Willis Hoffman of the Burgess Laboratories. (Note: A special heavy-duty 108-voIt
unit cataloged PL-5728 has just been put on
the market by Burgess for this purpose.) By
providing a very steady oscillator these devices start the whole set off in the right direction.
THE CIRCUIT LAYOUT
THE oscillator may be a 201A, 112, 112A,
Arcturus Type 28, or even 226 tube. The
amplifier may be a 112, 171, 210, 250, or Arcturus Type 30 tube. Consequently rheostats have
been omitted entirely in the diagram and discussions and are to be supplied externally or else
built in when the builder has found his pet tube
combination. The set as it stands is meant for a
201A, 112, or Arcturus Type 28 tube in the oscillator socket and a 112, 171, or Arcturus Type
30 tube in the amplifier socket. It has, however,
been run with a 112 in the first socket and a
210 or 250 tube in the second socket. The operation was satisfactory, but the stopping condenser, C5 in Fig. 1, in the amplifier plate circuit
becomes rather warm at voltages above 300.
For regular operation with the 210 or 250 as
amplifiers it should be replaced by a Sangamo
1000-volt type. With these changes the
amplifier plate voltage may be carried as high

FIG I. THE SCHEMATIC DIAGRAM
as 600, provided that a similar change is made in
the plug-in loading condensers for the amplifier.
It will be noticed from the photograph
at the begining of this article that the panel
shows three peculiarities which may as well
be explained now. The antenna meter is a
Weston thermo-galvanometer of the well-known
model 425 which gives full scale reading with a
current of 1 1 5 milliamperes. The antenna current
is ordinarily much larger and the meter is then
shunted by a short piece of wire whose length is
found by trial (starting with a very short wire).
When working with very short waves in the harmonic manner explained later the current is
sometimes very small, but nevertheless the
shunt should be in place until one is satisfied
that it may be removed without damage to the
meter. Secondly, it will be noticed that the antenna tuning condenser, below and to the right
of the meter, has no dial. This is my personal preference to which the reader is not
bound, though 1 prophesy he will find a dial
worthless. Finally we have the three binding
posts which have to do with three methods of
keying, of which more later.
Since it is impossible to guess just what sort
of a scale the prospective builder desires he is
given the opportunity of pleasing himself by so
arranging matters that both the coils and the
fixed loading condensers are readily exchanged or
removed. Thus any one of the coils may be used
with or without a loading condenser and additional coils can be manufactured at will on homemade forms or by cutting sections from the 10turns-per-inch Hammarlund "stovepipe" coils

THE GENERAL RADIO WAVEMETER
The wavemeter has coils to cover all the amateur
wave bands. The small U-shaped coil in the box is
for the ymeter band

and equipping them with the same General
Radio spring plugs with which those shown are
furnished. The coils to be used in the oscillator
are center-tapped, the center-tap being brought
to a third spring plug for which a socket is added
in the oscillator coil mounting. To permit all coils
to be used in any position an extra hole is drilled
thistheplug.
in
amplifier coil mounting to accommodate
Table 2 shows how all the standard bands can
be reached with a set of Aero transmitting coils
plus a pair of single-turn copper strip coils such
as are shown in Fig. 2 for the 10 meter band.
The coils illustrated are about 3^ " in diameter.
They
are the
madebands
of strip
sV' thick
f"
wide. All
are about
well spread
out and
on the
dial and will be quite O. K. for 1929, especially
as the dials can be read to one part in 1000.
On the 10-meter band it is advantageous to use
heavy wire or strip in the tuned circuits, not to
reduce resistance but to have less inductance in
the leads and therefore a bit more in the coil.
It will be noticed that no arrangement has
been made for changing the amount of power fed
from the oscillator to the amplifier except by
making changes in the size of the feed condenser, Cf. Taps on the coil Li are a nuisance and
are therefore avoided. This does not mean that
C-; should be tinkered with after the right adjustment for a given amplifier tube has been found.
On the contrary it should be left severely alone
thereafter since changes in it will shift the wavelength calibration, which is not serious but
rather confusing. Cf may be a small variable
condenser but this is not recommended for the
reason just mentioned ; if a change is really needed
the screw terminals of the Sangamo condenser
always permit it. A capacity of 50 or 100 mmfd.
will meet all needs. For the 210 as amplifier the
larger capacity is recommended.
OPERATION
OOR its normal operation the set needs only one
* meter which is placed in the antenna circuit.
One must admit that it would be somewhat more
convenient to operate the set during the first
few days if at least one more meter were available. However, the receiving set will serve the
same purpose, though a bit less conveniently.
Everything being assembled and the filaments
lighting satisfactorily, one should begin by removing the amplifier tube and making sure that
the oscillator tube does really oscillate. This can
be done by listening with the receiving set and
tuning either the transmitter or the receiver
slowly. They should not be too close together
nor should the antenna be connected to either
one. If the signal is not found in this way a
milliammeter or a pair of phones may be put into
the plate supply lead at the point marked W in
Fig. 1 and the tuning process repeated. At
resonance a click in the phones or a jump of the
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MICROPHONE AND KEY
meter will be encountered.
The phones are to be preferred since with them the
severala years
*POR
has been
rather there
tireobserver can recognize the
some controversy as to the
familiar sound occasioned
by an oscillating tube. Do
desirability of the microphone and voice against the
not leave the phones in the
plate circuit long, even with
key and code. It is somea 201A, and do not use them
what hard to see why a controversy isnecessary, since
at all with larger tubes.
both schemes have adFortunately, such oscillavantages and disadvantages
tors usually work promptly.
which every man should be
If any doubt remains it may
free to weigh for himself.
be removed with a very
Briefly the phone is rapid
simple device consisting of
but has a relatively short
a small flashlamp or a panel
reliable range, whereas the
light to the terminals of
FIG. 2. THE LAYOUT OF PARTS
which is soldered a single
key makes
its slowness by a up
veryformaterially
The coils, L\ and Lo, are the special coils used for covering the 10-meter band. They are
turn of wire about 3" in
described in the text. Only the plug-in mounts for the oscillator and amplifier loading condiameter. This is hung on
greater range and a superior
densers, Go and Cs arc shown in this picture
ability to work through
the end of the oscillator
interference
and static.
coil, Li, and will usually
This
at
once
suggests
the
use
of
phone
on those
light promptly unless the lamp is too large coil L3, and a ground is attached to the ground
or too closely coupled to the coil, Li. If no post. In addition a small loading coil may be waves which are most reliable over limited distances and the use of the key for longer distance
light can be obtained with any of the various
necessary. On the other amateur bands the
coils in place everything should be gone over
ground is not used and the counterpoise is at- work. There is, however, no reason for being arbitrary about it and 1 personally feel that an
carefully and as a final resort a different grid
tached to the ground post, the antenna to its
leak may be tried.
proper post, and the loading coil not used at all. unfairness was committed in recommending the
The antenna should be 20 feet or more above
removal of phone from the 20-meter band and
Since the r.f. amplifier is very much like those
its restriction to the top pair of bands, which in
used in reception it has the same troublesome
ground and may be as high as 60 feet. The counterpoise wire should be not closer than 6 feet to effect restricts it to local and semi-local work.
habit of wanting to go into oscillation.
It will be seen that the various factors interTo make sure of this point one removes the ground or any other solid material.
lock so that unavoidably one must consider the
lamp-and-loop from Li and hangs it on the end
The practical method of getting the transmitter on the air is to tune the oscillator to the question of modulation as a whole, including
of L.2, after which the oscillator is started but the
both the key method and the voice method. This
amplifier plate supply is left off, although it is desired wavelength by means of the wavemeter,
will be done in a future article. For the present,
best to light the amplifier filament. By careful then to tune the amplifier to that same wavehowever, the transmitter can be put on the air
tuning of C3 it should be possible to cause the
length, asshown by the best responseofthe waveby strapping X and Y(Fig. 1) and keying between
lamp to light in the new position. Since the ab- meter when placed at that end of the set, and
sence of plate supply for the amplifier prevents finally to adjust the antenna tuning system so them and Z or by strapping Y and Z and keying
between them and X. Short key leads are adamplification it is clear that the power is being that current shows on the antenna meter.
visable.
The movable antenna coil, L3, is not a device
fed through from the oscillator by capacity effect
between the plate and grid of the amplifier tube.
for obtaining the largest possible antenna curLIST OF PARTS
rent, which, as a matter of fact, does not give as
This can be neutralized by adjustment of Cn
The
parts
used
in
the model of the transmitter
until the lamp is out. The adjustment must be good performance as does a slightly smaller anmade without bringing the hand near Cn, which
tenna current. A rough general rule is to start illustrated are as follows:
calls for some sort of a wooden screwdriver
with the coil L3 at about 45 degrees and after A — 1 Antenna meter. Any 0-1 ampere type or
Weston model 425 thermo-galvanometer
whittled from a dowel or the like. The lamp will the largest possible antenna current is obtained
with shunts
probably go out over quite a wide range of Cn. by adjustment of the various tuning condensers
The condenser should accordingly be set in the this coil may be tilted back to a position giving Q, C-2— 2 National Equitune condensers, 0.00025
mfd., ganged on same shaft
middle of this space. It is best to repeat the ad- about 80 per cent, of the largest current.
C.-i,
C4 — 2 National Equitune condensers, 0.00025
justment with several coils and with different
No rule is good in transmitter adjustment until
mfd.
settings of Q, Qi and C3 to obtain the best one has checked the result by listening with an os- Cs —P- 1345Bypass
condenser, 0.01 mfd. (see text,
)
average adjustment.
cillating receiver. This should be done without a
receiving antenna, and the receiver should not Ce — 1 Sangamo mica loading condenser equipped
A SIMPLE ANTENNA SYSTEM
with General Radio spring plugs, 0.00025 mfdbe in the same room with the transmitter. In
C; — 2 Filament bypass condensers, 0.006 mfd.
LJAYTNG an oscillator and amplifier in opera- most cases it will be found that it is preferable
Cs — 1 Fixed condenser, 0.005 mfd.
' ' tion, one is ready for the antenna. There is a to detune the antenna slightly, rather than to C9 — 1 Oscillator grid condenser, 0.0002 mfd.
secure
the
20
per
cent,
drop
entirely
by
tilting
general belief that to work on five or six wave— 1 Sangamo oscillator loading condenser,
bands it is necessary to have as many different of L3. An adjustment that is satisfactory on a do0.00025
mfd. See note on C6.
antennas. Fortunately this is not correct, and a fair day may not answer through wind and rain. Cn — 1 B-battery bypass condenser, 0.0 1 mfd.
single antenna system of normal dimensions will On the first bad day the whole series of adjust- Cf — 1 Feed condenser, 0.0001 mfd.
ments should be checked.
Cn1 — 1 Hammarlund neutralizing condenser
give a good account of itself on 5, 10, 20, 40, 80
and 180 meters.
Li,Table
L2 — 2.1 Set of plug-in coils as described in
In order to make precise adjustment and
An antenna system can be made to oscillate
reading practical the set is given dials which
L3
—
1 Aero hinged antenna coil
electrically at a variety of frequences without
not only have a smooth slow-motion mechanism
Rx — 2 Carter center-tap resistors, 1 5 ohms
the necessity of changing its length each time.
R>, R3 — 2 Tobe Veritas grid leaks, 7500 ohms
(generally
a "vernier")
but in addition
Thus if we desire to work at 40 meters we need
have
a truemiscalled
vernier scale
which permits
reading
RFC, RFC2, RFC3, RFC4 — 4 National type
90 —Universal
not have an antenna which is "just made" for to one tenth of one division of the dial scale.
ABC
Oscillatorchokes
filament supply posts
that wavelength, but can just as well use one
TABLE
2
For d.c. connect B & C
which tunes to 120 meters naturally. The
For a.c. leave B blank, connect A to D
third harmonic of this wavelength is 40 = Band
and C to F
meters on which we desire to work.
Osc. Coil
DEF
— Amplifier filament supply posts
Amp. Coil
telegraphy
This is exactly what is to be used with
(Meters)
XYZ
—
Control posts. Use for phone and
this set — a regular broadcast receiving an10
1 turn special
1 turn special
tenna about 100 feet long from the end of
20
2
National
Vernier dials
3 turn standard
3 turn standard
2 General Radio sockets, type 349
the lead-in to the tip end of antenna. In
3 turn standard +C
3
turn
standard
+C.
addition a 75-foot counterpoise will be nec8 turn standard
8 turn standard
essary and a good ground connection. When
80
8 turn standard +C
8 turn standard +C
Composition front panel, 7" x 21"
on the 180-meter band the antenna and
180
16 turn standard +C
17 turn standard +C
Composition base board, 8" x 21"
counterpoise wires are connected together
The tubes which may be used and the power
at the point of connection to the antenna
C - o.oooiymfd. plug-in condenser.
supply are discussed in the text.
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TWO American pat- .
Two Interesting ents which should in- M
Patents terest technical readers Ws
are quoted and illus- flj
trated in Radio (Berlin) for Jul)', 1928. L.
The first (No. 693,646) is shown in Fig. l, jjj
slightly redrawn, and was issued to Fritz
W. Falck of Los Angeles. It is composed
of a system to prevent distortion due to
core saturation in an audio amplifier. The H
idea is to use two transformers as shown
and to divide the load so that either ,,*■?
transformer will be adequate to "separately handle the current without dis- |§
tortion."
The second patent (No. 148,975) given I
mention in the July issue of Radio
(Berlin) has been granted to a well known St
worker in radio fields, Dr. Lewis M.
Hull, and consists of a two-grid tube
circuit, the second grid being used in connection with an external inductance to
impress upon the second grid "a compensating voltage of proper phase and
amplitude to oppose feedback currents
flowing through the capacities of the tube
between anode and control grid."
The diagram in Fig. 1 illustrates Doctor
Hull's scheme. It has been seen many
times within the last year in foreign periodicals, which have done considerably
more with multi-grid tubes than has been
done in the United States. Technicians
will see the purpose of the extra grid
and the coupling coil — to do away with
the necessity of neutralizing the gridplate capacity of the tube.
Such a circuit cannot be used with our screengrid tubes since they have been designed with an
entirely different purpose in mind, i. e., to decrease the inherent grid-plate capacity to such
a low figure that danger from unwanted oscillations isminimized.
IT HAS become necessary
for the Royal Meteorological
Office to answer the many
people of England who feel
that broadcasting has something to do with
weather. The prevalence of bad weather in
England has been laid to the influence of the
radio signals which of course cover that land,
and
in spite of Office
the loudanswers
"no" which
Royalit
Meteorological
to suchtheideas,
is probable that people will go on blaming
the radio for everything that seems out of
season or out of keeping with their plans and
pleasures.
It is difficult for people to believe that radio is
something that falls under the laws of nature,
just as automobiles or flat irons do. Not a
week passes by but what some doctor, or lawyer,
or teacher, who ought to know better, approaches
us with some argument like this: "Now, I don't
know anything technically about radio, but
wouldn't this be a good idea? " and then he
launches forth on some impossible or already old
scheme. The fact that the laws
of transmission and reception are
well known, and that methods
of attaching coils, condensers and
tubes together are already printed
in books, never causes the wouldbe radio inventors a moment's
pause. And when some engineer
tells them that their scheme is
not worth wasting time on, they
always feel he is liable to steal
the idea and hasten for this reason to find another and less trained
ear for their schemes.

Hfidio as a
Scapegoat

"Strays"

Laboratory

that 171 tubes lasted less than 100 hours
for him until he hit upon the plan of
placing a resistance in series with the
filament, and turning it so that the filament was just bright enough to prevent
distortion. At the time of writing the
letter his 171 "still was going strong,"
although
months. it had been in use for over two
A still better remedy, of course, is to
put a resistance in the 1 lo-volt line which
feeds the receiver. This may be set so
that the voltage to the power equipment
is below the point where too frequent
tube replacement becomes necessary due
to overloaded filaments.
Few people realize that considerable
power must be dissipated within the tube
and that overloading its filament or plate
circuits is vastly more important, economically, than overloading its grid with
a.c. voltages. A ten per cent, increase in
line voltage produces a 20 per cent, increase in power used up in the filament
and an equal increase in power required
by the plate circuit. The filament must
bear the brunt of all this increase, and
unfortunately it does not have the margin
of safety that is found in a machine rated
in kilowatts.
NOT long ago we read
with considerable
interest the statement
of the head of a well
known eastern university that the average salary of the graduates of this
institution of the class, let us say, of 1910, is
kept down to a rather low figure by the salaries
of men now engaged in teaching, those in government service and those who are engineers.
It is only too true that engineering as a profession does not pay so well as selling bonds, or
real estate, or selling anything, for that matter.
However, it is encouraging to note from time to
time the increasing appreciation for the work of
the engineer and the laboratorician. The following statement comes from a vice-president of one
of the largest banking institutions in New York
City and is quoted from Science, April 27, 1928:
"When any New York banker is called upon
to finance any corporation or business, especially one based directly or indirectly upon
scientific pursuits, the first investigation made is
in regard to the attitude of the institution toward
the advancement of scientific knowledge. If
there is maintained a scientific laboratory with
a generous regard for the advances in pure
science, the security is, to that extent, considered
good. But if no attempt is being made to keep
up with, or a little in advance of, the developments in science, then no considerable loan will
be risked upon such a venture. Permanent business success is too intimately linked with scientific attainment to make any other attitude
Engineers as
Salesmen

SERVICE men often run
A Screen-Grid into strange and interesting
Mystery problems. Suppose you were
called out to look at a screengrid
tube all
receiver
although
of thewhich
tubesseemed
burnedpretty
with "dead"
normal
brilliancy, voltages were correct, there were no
opens or shorts, etc? Would you finally trace
the trouble to lacquer on the small metal cap
on top of one of the screen-grid tubes and to
which a wire should normally have made an
electrical connection? A case of this sort came
to our attention recently; once the lacquer was
scraped off and proper electrical connection
made, the receiver, needless to state, came to
life.
THE rapidity with which
SMortality
Among
such when
tubes their
as thefilaments
1 71 's burn
the cA. C. Tubes
out
are
operated from a.c. may give a
clue to the real reason why a.c. tubes seem to be
shorter lived than battery tubes. The fault is not
with the tubes, it lies with poor power line
regulation. At times the line voltage is high, and
naturally the filament voltage is high. Some
tubes decrease in life by 50 per cent, when the
voltage across the filament increases ten per
cent.
Mr. A. O. Viereck, of Springfield, Mass., states

No.693.646
FIG. I
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No.148.975

We chatted recently with the executive of a:
radio company whose name is everywhere a synonym for quality, for
honest dealing and for the genial
friendliness of its personnel. This
organization is making changes in
safe." its methods of merchandising which
will practically eliminate its present
sellingnicalorganization
salesmen, who —as the
far asnon-techsalaries
go rate much higher, in general,
than engineers.
"We have found," stated this
executive, "that our best salesmen are our engineers. They know
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60
current to flow through
(when England is in darkness and America
1000
H he r
in
daylight) 5SW is as regular and dependOver all cha raeU
the grid the
leak.gridShort50
able as many of our U. S. stations. One
circuiting
leak
N
would
think we were in the British Isles.
18 5 alters the grid potential
300
Big Ben is an old friend. We have been in
\
by eliminating the voltthe Savoy Hotel, Carlton Hotel, Ambassador
agerentdropin the
of thegrid
grid leak,
curClub, New Princess Restaurant, Hotel Cecil,
40
100
and other places.
14 3 thus causing a change of
Some of the best programs are the organ
'•4
plate current, and a click
recitals
from Bishopsgate and Southwark
ransj
in
the
phones.
When
I
Secona -stage t
Cathedral
and the National Symphony conthere is no gas in the
certs.
TO. -•
\>
tube, no positive ions are
Now a word about the medium wave12
produced,
as toelect•ansform lU ■ =
rons will notandflow
the
lengths. 2LO is the most consistent. Spain
'"'
First-stane t
&1
is next. I will tell about one night (January
N
1610 ^ negative grid, there is no
21) which" was
2BE a fine night for European
grid current, no voltage
8
?r~tr drop in the grid leak
\ 6
reception:"— (These
were on accord5NO stations
due to grid current, and
ing to World Radio).
(After 5:30 p. M. E. S. T.,
4
hence no click in the
Drowned
out by
dark meters
here) :—Nurnberg
WGR.
2
phones on shorting the
303
leak.
" 5WEAA
Fair dance music.
OOO
In carrying out the
'-' 2LO J7
Carrier wave.
test a leak of at least a
Drowned
WPCH. out by
6bm
EAJI
FREQUENCY, CYCLES PER SECOND
megohm should be used.
It
is
also
desirable
to
FIG. 2. FREQUENCY CHARACTERISTIC OF THE REMLER
" 2ZY
Very fine.
use a rather negative C
AUDIO SYSTEM
>0
Fair.
battery, such as three or
345
more volts. Soft tubes,
music.
Very
fine — dance
353
such as the 200A, will draw a considerable
what they are talking about, what the organFair.
375 306
electron current at grid voltages of one or two
Good.
Stuttgart
ization they are "selling"
needs;
they canwould
get negative, and upon increasing the C bias the
Hamburg
into laboratories
where no
salesman
Good.
grid current goes through zero and changes direc385 312 " 5GB
Drowned out by
get even a pleasant look. They talk on equal
WPAP.
326
being positive ion current beyond about i\
terms with the chief engineer or director of re- volts. tion,
To make certain a suspected tube is soft,
Drowned out by
" Frankfurt
search of the greatest organizations. Not one of it is desirable to test it at two grid voltages to
WLIT.
our engineers goes out in the field who does not
insurerent isthat
the reversal point of zero grid cur" Langenberg. Good.
405
avoided.
return with an armful of orders."
Under wrc.
36.
The Arcturus Radio company has recently
With 45 volts on the plate and minus 3 volts
Under weaf.
decided to employ graduate engineers in their on the grid, a 201 a tube gives substantially no
It 3is80 unfortunate that wrc and weaf are
click, while a 200A tube, which contains much
sales department. Mr. L. P. Naylor, Sales
always on, making reception of these last two
more gas, produces quite a thump.
Manager, says:
396
impossible.
Raymond M. Bell.
Our only comment to this
"We need them on the road quite as much as
in the lab. A. C. tubes are in a way a highly
55 Wilson Street, Carlisle, Pennsylvania
Short-Wave letter lifted from World Radio
5SC
technical development — as well as something
(England) is that Mr. Bell
IN ENGLAND the argunew. Reactionary dealers often bring up specious Reception either
8
2
4
has a magnificent dx
ment as to whether the parts
The Rentier
A.
F.
arguments against their use which can be an0
7
4 System of a radio system should each
receiver or a grand location.
Amplifying.
swered authoritatively only by an engineer. And
492
be perfected or whether the
besides, the logical mind of the technically
1 should like to report on short-wave retrained man is psychologically well grounded
ception in America. As everyone knows,
whole
system
should
have aproportions
"flat characteristic"
has assumed much greater
than any
short waves are no good over short distances.
for sound salesmanship."
such discussion in this country. This is due, no
Consequently, reception of U. S. stations is
And so it looks as though the engineer may
doubt, to the fact that few radio manufacturers
come into his own after all. Our idea of a good
poor.
tabulate: —
United ToStates.
prepare a complete tuner, or amplifier, or other
way for a young man to divide his time in college
2xaf: Very fine in daylight; hardly audible
assembly
of radio equipment, but have been more
is to spend about three years in engineering
at night.
interested in selling a part such as an audio
school and three years in business school. He
2xad: Always poor, especially at night.
transformer or a coil.
could then get a job selling bonds for the technical
8xp: Very fine in daytime.
The curves in Fig. 2 represent the frequency
apparatus he, as an engineer, has designed.
8xk: Excellent on some nights.
characteristic
of the new Remler audio-frequency
8xal:
Excellent
on
some
nights.
We gloat over Mr. Naylor's final words, " the
2xal: Good only in daytime.
logical mind of the technically trained man is
amplifying system — about which we shall have
an article in the near future. It is composed of
Australia.
psychologically
wellthose
grounded,
etc." They
2M e : Excellent with loud speaker strength
two stages, as usual, each of which distorts
help to tide us over
bad moments
when may
our
somewhat. When combined, however, the de5:30-8:30 a. m. E. S. T., relayed 5SW reclassmate of the class of so-and-so, who sells
cently; 5sw coming 20,000 miles.
fects of one stage are taken care of by the
real estate, invites us for a ride in the park in his
new Packard.
other so that a very good characteristic results.
anh: Good volume, 7-8 a. m.
Holland.
The advantage of such "matching" of one unit
Java.
to another lies in the greater over-all amplificaTHE following quotation
pcjj and pcll: Always received with a
tion that can be secured. For example it is not
strong signal, almost any hour.
Testing for
from a letter from Professor
possible to build at reasonable cost a 6.5 to 1
Soft Tubes
Frederick Emmons Terman,
England.
audio transformer that will not fall off in voltage
5sw on 24 meters relaying 5XX. I have
of Stanford University, releft this till the last
lates to our recent request for methods of testing
step-up at low frequenfor 1 want to write at
cies. When added to anfor soft tubes:
some length about it.
other stage which rises
Tubes which contain gas, popularly called
5SW as received in
at the low end the result
soft tubes, can be detected with the circuit
this part of America is
+ 45 is as shown.
shown in Fig. 3. The test is made by touching
simply phenomenal.
The average gain of a
Using (0-V-2) every
lead a to the grid lead as shown, thus shortevening I can easily
circuiting the grid leak. If a click is produced in
two-stage audio system
run the loud speaker
the phones the tube is soft. Absence of a click
using high grade parts is
indicates a hard tube.
5-7 p. m. E. S. T.
about 50 tu. This curve
The test described is based on the fact that. in
5sw at 5 p. m. is
shows
that the Remler
as strong a signal as
gaseous tubes there is some ionization produced
amplifier has a gain of 57
weaf, 50 kw. (200
in the tube even at low and moderate plate
miles east), 492 m.
potentials. The ionization is caused by electrons
tu or a difference of voltstriking the gas molecules and breaking them in
7:30-8:30
age step-up of from 300 to
is5SWreceived
with A.goodM.
pieces, some of which are positive (ions) and
FIG. 3. A CIRCUIT FOR TESTING
approximately
710.
headphone strength.
come negative (electrons). The positive ions are
— Keith Henney
HARD
AND
SOFT
TUBES
attracted by the negative grid, causing a grid
But from 2-7 p. m.
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Screen-Grid

At The Left:
The Author's Installation

, F MANY different receivers
described during the past
few months in the various
radio publications, one that has
obtained unusual popularity is the
National Screen-Grid Five, an article
on which appeared in the May issue
of With
RadiotheBroadcast
(pages
advent of the
a. c. 20-22)'
screengrid tube, it now becomes possible to
redesign this receiver for complete
a. c. operation without sacrificing
any of the meritorious points of the
d. c. model.
In redesigning the set for a. c.
operation it was found desirable to
divide it into three separate units
— the tuner, the amplifier, and the
power supply. Such a division was
made for two reasons — improved
performance and convenience.
Satisfactory performance requires
that the a.c. "hum" be reduced to
an extremely low value, possible
when the position of the power box
relative to both the tuner and the audio amplifier can be adjusted. Such an arrangement is also convenient, as it permits the
tuner being mounted in a small cabinet and
placed on a small table, while the rest of the
apparatus is located in some out-of-the-way
closet, bookcase or chest. Or again, the tuner
may be placed in the upper part of a small
console cabinet with the amplifier and power box
in the lower or "battery" compartment.
Another advantage of the separate unit arrangement isthe simplicity of construction for
the person who wants a set capable of quality
performance and yet does not want to become
involved in the construction of a power amplifier.
All that is necessary for such a person to do is
assemble and wire the 2-tube tuner, which, due
to the design, is most simple, and then connect
up a standard ready built amplifier, power box,
and speaker.
But in the end what really counts is the performance ofthe receiver. Everyone is interested
in tone quality. The city dweller is also
vitally interested in selectivity, which in this
tuner is such that it enabled the author in a
recent test at the Hotel Stevens in Chicago to
get any of the local stations without interference
even from kyw, which is only a block or so
away. In congested areas like Chicago and New
York the reader should not, however, expect
distant station reception through the locals.
Some experimenters may get a few dx stations
while the locals are on, but those who don't
should not be disappointed. In smaller cities
such as Boston, however, no trouble is had in
breaking through the locals. With careful tuning
the writer can tune out the local wnac and bring
in wjz only 10 kc. above at almost any time.

By

CI ' HIS article gives the construction of an
■*■ a.c. model of a screen-grid tuner, a d.c.
model of which was described in the May,
1928, issue of Radio Broadcast. Mr.
M illen, in this article, describes the use of this
tuner in conjunction with a completely a.c.
operated transformer-coupled audio amplifier using type 250 tubes in push-pull. It is
interesting to note that the author recommends
the use of about 300 volts on the plates of the
250 tubes so as to make possible the use of a
less costly power supply than would be required if500 volts were to be supplied to each
of the tubes. 250 tubes in push-pull with 300
volts on the plate can supply to the loud
speaker about 4 watts, which is more than
sufficient for any ordinary —installation.
The Editor.

wpg, wgy, weaf, four or five of the Chicago
stations and any number of others are received
with fair regularity.
THE TUNER
THE 2-tube tuner described in this article is
quite similar to the model described in the
May issue of Radio Broadcast, with the difference that this set is for complete a. c. operation
whereas the former model was for battery operation. This set consists of a regenerative detector
preceded by a stage of r. f. amplification using
a CeCo a. c. screenrgrid tube. The detector is a
type 227 tube. The two tuning condensers, Ci
and C2 in Fig. 1, are ganged together to a common drum dial and variations in the first tuned
circuit, due to the effect of the antenna circuit,
349
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are compensated by means of the
antenna trimmer, which is a small
movable winding, L2, mounted inside the secondary, Li. Those who
want to may of course construct
the set using two separate dials,
making it a dual control receiver,
in which case the antenna trimmer
will be unnecessary.
The screen-grid tube is coupled to
the detector circuit by means of an
r. f. transformer especially designed
for the circuit, the primary, L3, consisting of 55 turns of No. 38 wire,
slot wound and located at the filament end of the secondary, L4. The
latter coil is made of 90 turns of No.
28 wire on a tube 2" in diameter.
The tickler, L5, has 22 turns on a
movable form located at the grid
end of the secondary. The antenna
coil, Li, has 65 turns of No. 28
wire on a 2" tube; the coil L2 contains 12 turns.
To prevent instability due to
coupling in the plate supply the B plus lead to
the plate of the screen-grid tube is bypassed to
the cathode by a i-mfd. condenser, C4, and voltage for the screen grid is fed to the tube through
an r. f. choke coil, L6; this circuit is also bypassed
to the cathode by condenser C3, which has a
capacity of 1 .0 mfd. To prevent hum the heaters
of the two tubes are grounded by the connection
between
and the 25-ohm center-tapped
resistor, ground
R3.
In assembling the tuner first mount all the
parts on the sub-panel as indicated in Fig. 1
and 2. The coils, tuning condensers and drum
dial are all obtained as a single unit mounted on
an aluminum girder frame and can be simply
screwed fast to the sub-panel. The two choke
coils, Le and L7, are mounted in clip holders.
As indicated in the Fig. 1 the sub-panel is supported at the rear end on two small brass pillars
so as to leave space under the sub-panel for the
location of the bypass condensers and the several
other pieces of apparatus and to permit most of
the wiring to be done under the panel where it
does not affect the appearance of the completed
set.
In mounting the apparatus and wiring the
receiver, frequent reference should be made to
circuit diagram, Fig. 3, and Figs. 1 and 2. Any
type of hook-up wire or bus bar may be used.
For the receiver illustrated in this article bus bar
was used. The wiring is a simple, straightforward job and no difficulties will be experienced if
care is exercised in the construction of the set.
As the a. c. 222 tube is of the 2.25-volt heater
type, similar to the type 227 detector tube, one
heater voltage is required. This same voltage
can be used for lighting the dial light, small dial
lights with 2.5 volt filaments now being obtain-
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whether the actual control is located on the
panel or at the end of an extension cord does not
affect the type of control which is recommended
for use with this receiver. The volume control
consists of Ri and R2 in Fig. 3, an arrangement
for varying the positive bias on the screen grid
of the type 222 tube. Ri has a value of 1000 ohms
and R2 a value of 5000 ohms.
THE AUDIO AMPLIFIER
ANY good audio amplifier may be used with
the screen-grid tuner as just described.
The writer uses the push-pull amplifier illustrated in Fig. 4. This amplifier uses the new
National Veritone audio transformers which
have cores of a special nickel-steel alloy, for
by the use of such a core material it becomes
possible to reduce very materially the bulk of
the transformer and at the same time to improve
its frequency characteristic.
It will be noted from the Fig. 4 that
four sockets are provided in this amplifier. The
additional socket is of the UX type and is connected in parallel with the UY socket in the
first stage. Therefore, when the amplifier is used
with a tuner employing, d. c. tubes, a type 1 12a
the 227.
tube
may be used in the first stage in place of

FIG.

I. TOP AND BOTTOM VIEWS OF THE TUNER

able from the manufacturer of the dial. It will
be noted that a single i^-volt flashlight cell is
used to obtain bias for the control grid of the
type 222 tube. While it is possible to obtain this
voltage by means of resistors and a condenser it

was felt that the additional expense of this arrangement was not warranted.
The practice of locating the volume control at
the end of an extension cord rather than on the
panel proper is becoming quite general, but

FIG. 2. THE
This diagram corresponds with the circuit
sistors, R\and
are not shown, since, as
control

The C-biasing resistors located in the amplifier
base are of such values as to provide automatically the proper C bias to either the type 210
orused.
250 power
the plate and
voltage'
Wheretubes,
high regardless
volume isof desired
the
use of high plate voltage is not objectionable,
then it is recommended that a pair of type 210
tubes be used in the power stage. For home use,
however, far more than sufficient volume is obtainable when using 250 type tubes at about
300 volts. It is not necessary to use 500 volts on
the plates, for with 300 volts as delivered by the
power box shown in Fig. 5, it will not be possible to overload the tubes at normal volume
levels. The power output will be about 4 watts.
One of the great advantages of push-pull amplification, in addition to improved tone quality
as the result of the reduction of harmonic distortion, isthe fact that a relatively low plate
voltage suffices to give a large undistorted power
output.
If more than one speaker is to be operated at
one time, regardless of the type of amplifier

PICTURE WIRING DIAGRAM
diagram, Fig. 3, with the exception that the volume control reindicated in the text, some constructors may want to locate this
at the end of a flexible lead.
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being used, it is most important that they all be
connected so that they work together, i. e., in
phase with one another. Such a relation is obtained by reversing the leads to those loud
speakers which are out of phase.
THE POWER SUPPLY
AS HAS already been pointed out, the reason
for separating the amplifier and power
supply is to reduce the a. c. hum to the lowest
possible value. A hum level hardly noticeable
with the ordinary cone loud speaker will be
quite objectionable with a dynamic cone.
In the author's opinion, a power unit capable
of delivering 500 volts to the plates of a pair of
250 tubes is unnecessary, as well as quite costly;
for the 4-watt output which two 250 tubes in
push-pull will deliver with 300 volts on their
plates is ample for all home installations.
The National power box, shown in Fig. 5,
uses a single type 280 full wave rectifier, and
the output of the unit is about 300 volts at a
current drain of 100 milliamperes. Each B voltage is adjustable by means of the small levers
which control the position of moving contacts
B
+ 45
+ 13 5
225 AC
on a wire wound output potentiometer. In addition, a. c. filament voltages of 1.5, 2.25, and 7.5
FIG. 3. THE SCHEMATIC DIAGRAM
are provided. The filament windings are supplied
by a separate transformer completely shielded
generation in the detector circuit will be found of
from the high-voltage B transformer. A safety the tuning condensers loosened, and then some
switch is provided which shuts off the power
local station should be carefully tuned-in by great assistance. As a result of the use of the
screen-grid tube in the r. f. stage, the set will
whenever the cover is raised sufficiently to ex- moving by hand the two tuning condensers
separately. This process is necessary in order not radiate and the detector may, if desired, be
pose the terminals.
permitted to oscillate, in which case stations may
to get the two circuits in step. The set screws
NOTES ON OPERATION
are then tightened, and any slight variations on
be picked up by their carrier waves, without anIN HOOKING up the various apparatus, the other stations may be compensated by means of
noying the neighbors.
In order to obtain smooth regeneration
the trimmer. If the two circuits are not properly
* power box should be located at least two feet —
it is advisable to try several different values
preferably a little farther — from either the set lined up, broad tuning and lack of sensitivity
of grid leaks and also different values of
are certain to result.
or the amplifier, and should be moved around
until the position of minimum hum is obtained.
In tuning for distant stations, the use of re- detector plate voltage.
A good ground connection must also be
LIST OF PARTS
made to the B minus terminal on the _
power unit. The a. c. supply cord should j|
TH indicate
E list ofthose
partsusedgiven
this article
in thein model
illusbe kept well away from any other leads
t
r
a
t
e
d
.
A
substitution
of
other
equivalent
and especially from the input side of the
parts is possible.
audio amplifier. If the a. c. type of dynamic speaker is used, it also should be
Ci, C2,
to L5 — 1 National tuning unit,
No.Li222.
placed as far as possible from the audio
amplifier and tuner in order to prevent
1-6, L7with
— 2 mounts
National r. f. chokes, No. 90,
the picking up of stray leakage flux from
the field supply transformer and rectifier.
C3, C4 — 2 Tobe bypass condensers, 1 mfd.
Under no condition should one of the
C5 — 1 Sangamo fixed condenser, 0.0001
mfd.
special shields now on the market be used
C6 — 1 Sangamo fixed condenser, 0.001
over the a. c. 222 tubes, as such shields
mfd.
prevent proper heat radiation and will
C7
—
1 Sangamo fixed condenser, 0.00025
ruin the tube in a very short time.
mfd.
Very excellent performance from the
Ri — 1 fixed resistor, 1000 ohms
tuner may readily be obtained with a
R.2— 1 variable resistor, 5000 ohms
FIG. 4. THE NATIONAL POWER AMPLIFIER
short wire connected directly to the conR3 — 1 General Radio center-tapped resistor, 60 ohms
trol grid of the type 222 tube (the cap
R4 — 1 grid leak, with mount, 2 megohms
on top of the tube) as an antenna. In
2 General Radio 5-prong sockets
fact, such an antenna is to be recom1 Westinghouse Micarta front panel,
mended for use wherever extreme selectivity is desired. Where the set is not
1 Westinghouse Micarta sub-panel,
located very close to any broadcasting
1
i|-voIt flashlight battery
stations, however, a 20' or 25' indoor an1 7"
Cecoxi 8"a. c. 222 tube
tenna may be used. Such an antenna
1 Ceco N 27 tube
should be connected directly to the tap on
1 7"xi7"
2|-volt dial lamp
the antenna coil. Where the conventional
50' to 60' outdoor antenna is to be used,
the series antenna condenser, Cs, must
be employed as in Fig. 3. Such an antenna
will be found of considerable aid in increasing the range and volume output of
the receiver on distant stations in any
location where local interference, power
leaks, and other sources of noise are not
bothersome.
When the receiver is first put into
operation, the antenna trimmer should
be set in mid-position, the set screws on

FIG. 5. THE NATIONAL POWER BOX

To make the set operative, an A power
supply of 2.25 volts a. c, a B supply of
180 volts, and an audio amplifier and
loud speaker, are necessary. In the hookup described, a National push-pull power
amplifier was used, with a dynamic
cone, and the A and B power was
supplied by a National Power Box, No.
250AB. The power amplifier uses 2
Ceco L50 tubes and 1 Ceco N 27 tube,
and the power box 1 Ceco R80 tube.
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THIS department began enlightening the
world in the March, 1925, issue of Radio
Broadcast. At that time broadcasting was
full of uncertainties and worries, with all its
statesmen trembling for its commercial future,
and their constituents ready to drink shoe polish
every night. The present stability of the broadcasting business cannot be ascribed to the publication of this department, which now amounts to
a total of 170,000 words, or the length of two
novels, with several Saturday Evening Post
stories left over. But neither can any man say
that our writings have interfered with the
development of the field.
Without misgivings, therefore, we now present
some general discussions in branches of technology allied to broadcasting. This is in line with
our previous policy of not confining our subjects
to broadcasting proper. We have ranged over
considerable portions of the radio telegraphic
art, wire telephony, television, and public address work. In other words, we have gone wherever the vacuum tube went, and that is pretty
far. But then, the broadcaster who aims to know
only his own business is likely to find that he
does not know even that which he thinks he
knows — another application of the Parable of
the Talents.
At this time the application of sound effects
to the movies is undergoing rapid development.
This article is not a contribution to the engineering of the subject, which, naturally, contains its
own intricacies. It is intended merely to give a
semi-technical, general picture of what is going
on.
The commercial methods of synchronizing
sound and motion pictures utilize two basic
methods of recording and reproducing the sound:
phonograph records, and photography or other
marking on the film. In either case what has been
done is substantially the addition of a public
address system, properly synchronizec, and
actuated by a sound record instead of a microphone, to the moving picture equipment, in the
reproducing process; while in the recording job
we add the audio portion of a broadcasting equipment to the motion picture camera, precautions
being taken similarly to keep the two in step.
The phonographic method is simple but does
not provide absolute synchronization, since the
film and disc remain separate entities throughout
and synchronization depends on the coupling
affected between them. Photographic methods of
recording the sound on the picture film give
more assurance in this regard, but entail modifications in the picture in order to make
room for the sound record. This is, however,
a perfectly feasible device in practice.
In all sound picture recording where
microphones are used in the moving picture
studio they must be placed out of range of
the camera, or, if they are within the picture
field, they must be hidden or camouflaged
so that they will not appear in the picture.
In some news reel work the microphone is
allowed to show in the picture, but this is a
special case. Fig. 1 shows how a talking or
vocal record of a performance may be
made simultaneously with the picture. The
microphone is placed just above the field
taken in by the camera, but close enough

to the performer to pick up the sound effectively.
The output of the microphone is faithfully amplified inall its essential frequencies, just as in
broadcast practice, through as many stages as are
required to get a few watts of audio energy, and
with the usual precautions against overloading.
If phonograph disc recording is employed the
resulting audio energy is used to cut the record.
The fundamental practice does not differ from
electric phonograph recording as described in
various technical publications during the last
few years. The discs are larger, i6"-2o" sizes
being used in place of the usual commercial
io"-i2" records. During recording the wax is
usually viewed through a microscope in order
to control the excursion of the stylus, which
must vibrate through an amplitude sufficient to
over-ride noise in the low portions of the music,'
without cutting into the adjacent groove during
loud passages. An audio monitoring check is of
course used at the same time. A common driving
motor for the camera and the turntable on which
the wax is mounted may be employed. By means
of gears such a machine, running at a constant
speed of, usually, 1200 r. p. m., may be made to
take the film through at a standard speed of 90
feet per minute, while the turntable revolves
at 33 r. p. m. By means of electromagnetic
governing methods the speed of the motor may
be kept very constant. If it is desired to separate
the sound and picture recorders individual
motors may be used; these usually operate on 3phase alternating current and are of the synchronous type, especially designed for the purpose. In the reproducer a common drive is always
used for the camera and phonograph turntable.
In one commercial form an ingeniously designed
motor generator operating on 60-cycle, 3-phase,
110- or 220-volt a. c, with the speed controlled
through a small 720-cycle generator on the same
shaft, furnishes the driving power for the reproducer.
In sound film phonograph work recording is
generally done starting from the inside of the
record. The space at the center permits a better
start to be made, and the higher peripheral speed
on the outside is an advantage in the handling of
the loud passages which usually come at the end
of a number. The records are plainly marked for
start and finish. The start is made with the driving power off, the needle set at the beginning of
an inside spiral on the disc, and the starting
frame on the film similarly in the aperture of
the motion picture projector. At least two projectors are provided in the theatre for continuous
operation. The amplifier portion may or may not
be in duplicate also. In the larger houses dupli-

FIG. I
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cate amplifier equipment is naturally provided,
whatever system of sound reproduction is installed.
When the sound record is photographed on
the film the picture must make room for it, as
shown in two sound film strips reproduced in
Fig. 2. The sound track is only about one
tenth of an inch wide, and in a standard
film width of 1.3779 inch (35 millimeters) it is
not difficult to accommodate the sound as well as
the visual record. In Fig. 2 the sound tracks
appear next to the left hand lines of sprocket
holes. The picture frames may be allowed to retain the same ratio of length to height, in which
case they must be optically reduced in printing,
or, in the photography, a little strip may be sliced
off one side, the height remaining the same.
The picture and sound may be recorded on the
film in one operation, but this entails the complication offorcing the camera men and the audio
recording men to work in close proximity. Usually it is preferable to place the camera in a
sound-proof booth (when required) and to locate
the sound recorder in another booth where a
monitoring speaker may be kept in operation.
The two machines are run by synchronous motors
as previously explained, the starting point on
each film being indicated by a light marker.
Separate sound and picture negatives are thus
produced; these are combined photographically
and positive prints containing both records,
properly synchronized, may thus be turned out.
There are two principal methods of recording
the sound by means of light modulation. One is
known as the variable density method; the resulting record consists of lines of different degrees of darkness the full width of the sound
track, the record being made by admitting light
to the film with an intensity proportional at
each instant to the loudness of the sound. Or,
alternatively, the sound record may be of the
variable amplitude type, in which the whole
width of the sound track is occupied only by the
loudest sounds recorded, and vibrations of lesser
amplitude are recorded in correspondingly
narrower zigzags. Both these forms of marking
are shown in Fig. 2. The latter form of marking is similar to an oscillogram, and is, in
fact, made by means of a galvanometer
on the order of an oscillograph. The number of
bands in the variable density record, and the
number of peaks in the variable width method,
in a given distance along the film, is of course
proportional to the frequency.
The method of recording (Fig. 3) is as follows:
The film is run through the recorder at the
standard speed of 90 feet per minute. The
microphones pick up the sound, which is
amplified in the usual manner. If a variable
density record is to be made the output of
the amplifier varies the intensity of a special
glow lamp, the light from which is permitted
to reach the film through a slit less than the
width of the sound track (100 mils) and
under a mil wide. In the case of the variable
width record the audio currents cause the
element of an oscillographic galvanometer
to vibrate. A minute mirror mounted on
the element reflects light from a constant
source onto the film in such a way that the
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ceed certain limits, which, however, it is
width of the exposure corresponds in loudness to the sound input to the system.
hard ble
to amount
lay down
precisely. is
A consideraThe exposure is also made through a
of distortion
consistent
narrow slit.
with the intelligibility of speech, much
In reproduction (Fig. 4) the film is run
that is imperfectly rendered being supthrough the projector at the same speed.
of the hearer."
imaginationcompanies
If the speed in the projector is higher
the telephone
plied bythe
For this
can still
thank God.
than standard, the reproduced notes will
be sharp; if lower, flat. A constant source
Rayleigh
pointed
out, in Fletcher's
of light shines through a narrow slit
words,
"the also
definite
limitations
of a horn
similar to that found in the recorder onto
radiating sounds having wavelengths
the sound track of the film. A photolarger
than wetheareopening
the horn."
And, while
admiringofSabine
as he
electric cell receives the light passing
deserves,
let
us
not
forget
the
following
through the sound track. The light it receives through the film at each instant
paragraph
which Fletcher has quoted
from
Rayleigh:
depends on the density of the record at
In connection with the acoustics of
that point, or its width, depending on
which method of recording is used. In
public buildings there are many points
which still remain obscure. It is imeither case the output of the photo-electric
portant tobear in mind that the loss of
cell should be proportional to the original
sound
in a single reflection at a smooth
FIG. 2. TWO
TALKIE
FILM STRIPS
intensity of the sound. The current outwall
is
very
small, whether the wall be
put of the cell is only a fraction of a The two talking movie film strips, reproduced above in exact si^e,
plane
or
curved.
In order to prevent
microampere, but two or three stages of show how the sound record is photographed on the film. In the film
reverberation it may often be necessary
audio amplification bring it up a level at the left the sound is recorded as a ?ig{ag line at the left of the
to introduce carpets or hangings to
absorb the sound. In some cases the
where it can be handled by amplifiers of film. In the strip at the right, the sound track at the left of the film
varying degrees of darkness extending the full
the usual broadcast type, followed by is made up of bands ofwidth
presence of an audience is found suffiof the sound track
cient to produce the desired effect.
an output stage the size of which deIn the absence of all deadening
pends on the amount of volume required.
material the prolongation of sound may
which Alexander Graham Bell demonstrated his
In one type the output stage, in large houses,
be very considerable, of which perhaps the
utilizes four tubes in push-pull parallel, each invention of the electric telephone before the
most striking example is that afforded by
British Association of Science. The work on
having an oscillator rating of 50 watts; the total
the Baptistery at Pisa, where the notes of
which the book is based was largely finished,
power delivered to the plates is about 200 watts,
the common chord sung consecutively may
therefore,
before
the
invention
of
the
telephone.
be heard ringing on together for many
so it may be conjectured that 30-40 watts of
undistorted audio energy are delivered to Yet telephone engineers refer to it frequently,
seconds. According to Henry it is important
and
no
one
can
write
a
book
on
acoustics
or
the loud speakers. The power stage is preceded by
to prevent the repeated reflection of sound
backwards and forwards along the length of
six stages of audio amplification. The usual gain vibrating
systems without leaning hard on Rayleigh.
a hall intended for public speaking, which
controls, meter panels, etc., are on the panels.
may be accomplished by suitably placed
In a second edition which appeared in 1894
The speakers are mounted above, behind, or
oblique surfaces. In this way the number of
a chapter on "Electrical Vibrations" appeared
reflections in a given time is increased, and
among other additions. This marked the transthe undue prolongation of sound is checked.
ition of the treatment of audio vibrations from
the mechanical to the electrical aspects. But
Rayleigh also deduced from the equations for
almost all the electrical theorems, however gen- the transmission of sound through air of uneven
temperature that in the usual auditorium, where
eralized and intricate, are found in the differenthe air is warmer at higher points, sound wili be
tial
equations
of
Rayleigh's
investigation
of
Microphone
Modulator
refracted upward and consequently a speaker
mechanical vibrating systems. Rayleigh perhaps
Light 1
never saw anything like a wave filter or an arti- will be heard better by listeners above than below him.
ficial line, but his grasp of the general meaning
FIG 3.
As the viscosity of the air is small, sound
of oscillation was such that his analyses required
only a little adaptation to be useful in dealing waves do not decline rapidly in amplitude. The
loss is greatest for the higher frequencies. A
on the sides of the motion picture screen. In with such devices.
sound having a wavelength of one centimeter
This
unity
of
the
acoustic
past
and
present
is
some cases they are made to "fly" with the
screen, i. e., the speakers are attached to the manifested in some of Fletcher's sentences, as loses two thirds of its initial amplitude in travelling through 88 meters, while a graver sound,
screen and may be pulled up with it into the when he writes, " It is strikingly difficult to transmit energy of vibration from air to steel, or vice with a wavelength of 10 centimeters, suffers
scenery loft. Or the speakers may be pushed
around on trucks backstage. The proper number,
versa, for the amount which crosses the junc- the same attenuation in traversing 8800 meters.
tion is only 0.00001 of that which arrives at it. The attenuation is proportional to the square
location, and orientation of speakers depends on
root of the frequency.
In other words, a transmission loss (sometimes
the power of the outfit and the acoustic characteristics ofthe house.
called a reflection loss) at a junction between
"It is frequently stated," says Fletcher, ending his review, which contains more substance
air and steel is about 50 tu." Rayleigh expres ed in tu tells us why a tuning fork makes
than
original subject
paper, has
"thatbecome
when 10a
Lord Rayleigh on Sound
treatisemany
on aanscientific
as little noise as it does, even though it vibrates
TN THE May, 1928, issue of the I. R. E. vigorously; fundamentally it is because air and or 15 years old, it is ready for the cellar or the
garret, its obsolescence being due to the rapid
Proceedings there is a review of Lord Ray- steel are such different substances. The same
loss occurs when we try to transmit oscillating advances which science is making. This book on
1 leigh's treatise on the "Theory of Sound."
electrical energy from one circuit to another
The book has recently been issued in a revised
'The Theory of Sound' is certainly an exception.
It is now more than 50 years old and it will
with widely different constants.
edition, two volumes, 494 pages, by Macmillan
Another interesting point brought out by continue toFilmbe used for a good many years."
in London. The I. R. E. review is by Harvey
Fletcher of the Bell Telephone Laboratories.
Fletcher is Rayleigh's evident regard for the work
My comments are a review of a review, but there of Heaviside, to which he frequently refers in
is enough substance and inspiration in Ray- the 1894 edition. Six years before the invention
Slit
of the loading coil, Rayleigh discussed attenualeigh's
classic
work
on
sound
to
stand
that
attenuation.
tion and distortion along lines, saying, "The
Few broadcasters have the physical back- cable formula ... is an example . . . where waves
of high frequency are attenuated out of propor- Source
Light9
ground to appreciate Rayleigh's book equation
Photo-Electric
tion to waves of low frequency. It appears from
by equation, but one has only to page it to realize that one holds the record of a great piece of Heaviside's calculations that the distortion is
Cell FIG. Audio
4
Amplifier
work by a great physicist. Dr. Fletcher points lessened by even a moderate inductance." This
also
appeared
to
Professor
Pupin.
Rayleigh
goes
out that "The Theory of Sound" has been the
standard text on the subject for the last 50 years. on: "The effectiveness of the line requires that
The first edition appeared in 1877, the year in neither the attentuation nor the distortion ex-

A RECEIVER OF STRIKING APPEARANCE
The Sargent-Rayment receiver, with its aluminum cabinet and panel mounted upon a walnut base
moulding, and blac\ control \nobs, presents an unusual and rather modern appearance which is perhaps more in \eeping with the electrical age which it typifies than the more conventional wooden cabinets. The gang condenser control is in the center, and the volume control at the right; the other five
}{nobs control the individual trimming condensers for balancing exactly the r. f. stages

The

Sargent-Rayment

THE receiver described in this article is
striking in that it departs successfully
from many of the generally accepted
tenets of home-built receiver design, and approaches the standards set by the higher priced
factory-built sets costing up into the hundreds
of dollars. It was developed by Messrs. Sargent
and Rayment, the inventors of the Infradyne
circuit which created considerable interest
several years ago, and it embodies four individually shielded stages of t.r.f. amplification, a
detector, and two audio stages of the Clough
design. As it has several unusual features it is
felt that a description of the salient engineering
points of the design will be of interest to readers.
From the photographs and diagram it is
seen that the receiver consists of an aluminum
shielding! assembly which serves the dual purpose of a cabinet for the entire receiver, and
individual stage shielding for the different circuits of the set. This cabinet is made up of a
pierced aluminum chassis, with the edges turned
down, to which are fastened a number of smaller
formed pans which serve as partitions, thus
dividing the inside of the cabinet off into seven
separate and distinct compartments. The assembly is completed by the front and back
panels, which are bolted to the chassis and to all
eight partitions, and finally by an aluminum
cover, the edges of which are turned over to
provide tight lap joints when the cover is placed
on the receiver assembly. All of the metal work is
of 7/64" aluminum, which provides most satisfactory electrical shielding. The complete shielding assembly alone uses nearly fourteen pounds
of aluminum; the size is 27!" long. 125" wide,
and 8i" high. In the picture on this page the
receiver assembly is shown mounted upon a
walnut base moulding which trims up the ap-

Seven

pearance so that the set would not look out of
place in the average living room. The aluminum
assembly is finished in attractive satin silver.
Examination of the different illustrations and
the circuit diagram in Fig. 1 shows that the
amplification progresses from the antenna tuning circuit in the extreme left compartment of
the aluminum shielding cabinet, through the
four stages of tuned r.f. amplification to the
detector in the sixth compartment. Four screenCT'HE names Sargent and Rayment are
■*- probably familiar to many of our readers
as the designers of the Infradyne, a receiver
which has been described by our contemporary, Radio, on the Pacific Coast. The receiver described in this article is of the tuned
radio-frequency type, employing four stages
of r.f. amplification with type 222 tubes. The
audio amplifier contains two transformer
coupled stages.
Although all the tuning condensers are
controlled from a single dial, the set cannot
truly be considered a single control receiver,
for to obtain the maximum possible results
the designers have placed small midget condensers across each tuned circuit. This, we
feel, is a good idea, for it means that each
circuit can be definitely adjusted to exact
resonance. To put together a receiver containing this number of r.f. stages and have
each stage in exact resonance with all the
others throughout the entire broadcast band
would necessitate exceedingly accurate coil
and condenser matching. — The Editor.
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grid tubes are used in the r.f. stages, and a
201A, or preferably a 112A, for detector. In the
extreme right compartment is housed the 2-stage
audio amplifier and output transformer with the
volume control. The center compartment of
the receiver is left vacant except for the drum
control dial which turns all five of the tuning
condensers. All stage compartments are 12"
deep, 6f " high, and 4J" wide.
PERFORMANCE
IN TESTS conducted upon different models of
the Sargent-Rayment receiver during the
period of its development, rather surprising results were obtained. On the West Coast, where
the average receiver capable of giving adequate
selectivity for other locations generally falls
down quite badly, due to a number of peculiar
local conditions, the Sargent-Rayment Seven
has given positive 10-kc. selectivity — that is, it
will separate distant stations ten kilocycles away
from local broadcasters. As a specific instance, 10kc. separation was obtained on either side of kgo
in Oakland, Cal., and in the same location krld
of Dallas was brought in between kfi and kfrc.
This is very exceptional operation in this locality. Such selectivity seems to leave little to be
desired, for the receiver will go down to the noise
level and bring in on the loud speaker any station
sufficiently louder than atmospheric noises to be
distinguished from it. To many radio fans this
statement does not mean very much because
upon the less sensitive receiver it is seldom indeed that the noise level observed is ever so
loud as to drown out signals. This is not true of
the Sargent-Rayment, for a simple turn of the
volume control knob will increase its sensitivity
to a point where weak atmospheric noises come
in with a roar under conditions which would *
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FIG. I. THE SCHEMATIC WIRING DIAGRAM
If a 112A or 210 tube is used in the power stage, the plate lead of the power stage should he connected to terminal 3of the output device, T%; if a 171 a or 250 tuhe is used, to terminal 2. Also note that if 180 volts or
less is used with a 1 12A or 171 a tube in the last stage, the speaker should he connected to terminal 4 of T„
as indicated in solid lines. If more than 180 volts is used — as with a 210 or 250 tuhe — the speaker must be
connected through a 600-volt 2.0-mfd. condenser to terminal 2, as indicated by the dotted lines
ordinarily be quiet for other receivers. Models
of the receiver brought to Chicago and tested
under the trying conditions produced by twenty
or more local stations in simultaneous operation, have brought in as many as one hundred
broadcast
in a over
singletheevening's
One receiverstations
was tuned
broadcast tuning.
band,
beginning at 550 kc. and going up the frequency
scale. As rapidly as the dial could be turned and
the verniers trimmed for maximum signal
strength, new stations could be logged. When
the evening was over, it was found that a station
had been logged for every transmission channel,
beginning at 550 kilocycles and going on up to
over 1200 kilocycles before any gaps were found
(channels upon which no station could be heard).
This in itself is a remarkable record, and one
which indicates the high degree of amplification
that may be had in a carefully designed tuned
radio-frequency receiver taking full advantage
of the possibilities of screen-grid tubes and
adequate shielding.

CIRCUIT DESIGN
A LL of the four r.f. stages consist of essentially
similar tuning coils and tuning condensers
associated with screen-grid amplifier tubes and
the necessary bypass condensers and choke coils
to insure absolute isolation of the various amplifier circuits. Each stage embodies an r.f. transformer with the secondary wound of 72 turns of
No. 25 plain enameled wire on a threaded bakelite
tube 2§" in diameter, the winding occupying a
space 2j" inches long. The turns are spaced 32
turns per inch. The r.f. resistance characteristics
of this coil are most excellent. To each of the interstage r.f. transformer secondaries is coupled
a primary consisting of 25 turns of No. 28 d.c.c.
wire, wound upon a 2j" diameter bakelite tube,
fitting inside the secondary at the filament end.
Upon close observation, the antenna coupling
coil, Li in Fig. 2, will be found to differ slightly
from the interstage coupling transformers in the
succeeding r.f. stages. This coil is of the tuned

rejector type, having a primary winding of
20 turns of No. 28 d.c.c. wire with the turns
spaced |" apart on a tube 2j" in diameter.
This winding is common to the antenna
circuit and the grid circuit of the first r.f
tube. Surrounding this coil, and coupled closely
to it, is a second coil which is similar to the
secondary windings in the succeeding stages.
This coil is tuned by the first or extreme left-hand
tuning condenser and serves to reject effectively
undesired signals, without having its tuning
greatly affected by various sizes of antenna.
Examining a typical r.f. stage, it is seen to
consist of the r.f. transformer; the 0.0003 5-mfd
tuning condenser with its associated 0.000025mfd. midget vernier condenser; a tube socket
for the screen-grid amplifier tube; two f-mfd.
bypass condensers, and two radio-frequency
choke coils. Each amplifier circuit is complete
in its own shielded compartment, and the only
leads carrying r.f. current running from stage to
stage are the plate leads. One of the j-mfd

FIG. 2. WITH THE TOP REMOVED
From left to right are the four r. f. stages, the detector stage, and the two-stage audio amplifier
housed in one compartment. In this compartment the second-stage audio transformer, Ti , is mounted
on top of the output transformer, TV The five trimming condensers, V\, Vi, V3, Vi, and V%, are
mounted just under their respective tuning condensers. The mounting of the remainder of the parts
above the sub-panel is clearly shown in this picture
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condensers is connected from the screen-grid to
the grounded shield, and one from the B plus side
of the r.f. transformer primary to the grounded
shield. Electrical isolation is further insured by
the use of two r.f. choke coils, one connected in
the screen-grid lead and one in the plate lead of
each r.f. amplifier stage. These chokes are
placed on the under side of the chassis. An additional r.f. choke is used in the detector plate
circuit to prevent any r.f. currents from straying
into the audio amplifier.
With all of these precautions, the receiver is
remarkably stable; however, it is capable of being
made to oscillate when desirable. A detailed
analysis of the functioning of the screen-grid
tubes as r.f. amplifiers indicates that even
though the plate-to-grid capacity of the screengrid tube has been reduced to an almost negligible value, this value is still high enough to allow
oscillation if sufficiently good circuits are used
with the tube. As very good circuits have here
been employed to provide as high amplification
and selectivity as is possible, the volume control
has been combined with a stability control so
that the r.f. amplifier stages may be operated at
peak efficiency at every wavelength, regardless
of oscillation tendency.
Measured amplification curves of the different
stages show repeater voltage gains varying from
17 at 550 meters to 30 at 200 meters, these comparatively low values having been selected in
order that the full merit of the tuned circuit
might be taken advantage of to obtain the
selectivity required by modern broadcasting
conditions. The rising characteristic of the r.f.
amplifier at short wavelengths is compensated by
the tuned antenna input circuit, which has an
opposite characteristic in that it shows greatest
voltage step-up at 550 meters with a decreasing
step-up at shorter wavelengths.
The five tuning condensers, Ci, Co, C3, C4,
and C5, are all connected together, and are
operated by a single drum control dial, this connection being effected by means of the floating
removable shafts, and flexible couplings arranged
to link the condensers. The receiver can be tuned
over the entire broadcast band with the single
tuning drum, no difficulty being experienced in
ganging, due to the high accuracy of the double
spaced condensers employed. It was felt desirable, however, to equip each stage with individual
tuning verniers, Vi, V2, V3, V4, and V5, so that
there would be absolutely no question in the
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mind of the operator that his receiver could always be tuned to absolute peak efficiency on
any and all wavelengths in the broadcast band.
NOTES ON CONSTRUCTION
THE construction of the receiver is quite
* simple, for there is available for it the complete shielding assembly, fully pierced, and requiring only the insertion of some 88 -fz screws
with their nuts and lockwashers, to put it together. The use of this large number of screws
to hold the shielding together is the result of
an interesting fact discovered during the development ofthe set. At first an endeavor was
made to use the simple and attractive cornerpost type of assembly, attaching these posts to
the chassis and slipping the partitions, ends,
front and back panels into the slots of
these corner posts. The result was a very
attractive mechanical job, but of very poor
electrical characteristics, for the electrical joints
provided between the partitions and the chassis
(and for that matter between the partitions and
the corner posts) were of such a variable nature
as to change the entire performance of the receiver. It was necessary merely to strike the
shielding with the palm of one hand to change
the electrical contact between the different
portions of the shielding, thereby altering their
shielding effects on the circuits. From these results itwas found that it would be necessary to
use lap-joints and thick aluminum and to insure
positive contact at many points, which accounts
for
tion.the use of nine fastening screws to each partiThe parts, and accessories, used in the
Sargent-Rayment Seven are listed at the end
of this article, and being of standard manufacture, may all be procured upon the open
market, including the especially prepared aluminum cabinet assembly. The coils may be wound
at home from the data given in the text. The assembly of the receiver is quite simple, involving
only the mounting of the parts upon the pierced
chassis with machine screws, wiring them up,
and finally, the attachment of partitions and
front and back panels with the 88 machine
screws previously mentioned. The wiring of the
set is surprisingly simple for a receiver of this
type, as may be seen from a study of the two
pictures in Fig. 2 and Fig 3. The schematic
wiring diagram in Fig. 1 also shows the simplicity
of the wiring.
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LIST OF PARTS
In the list below the substitution of equivalent
parts may be made at the builder's choice.
Q to C5 — 5 S-M variable condensers, 0.00035
mfd., type 320-R
C6toCi3 — 8 Polymet Bypass condensers, 0.25 mfd'
C14 — 1 Polymet Grid condenser, 0.0001 5 mfd.
C16 — 1 Polymet Bypass condenser, 0.002 mfd.
C16, C17 — 2 Potter Bypass condensers, 1.0 mfd.
D — 1 National Velvet vernier dial, type F, with
illuminator
Li — 1 S-M antenna coil, type 141
L2, L3, L4, L5 — S-M r.f. transformers, type 142
Le to Lu — 9 S-M r.f. chokes, type 275
Ri — 1 Carter resistor, 3 ohms, type H-3
R2 — 1 Carter resistor, 1.0 ohm, type H-i
R3 — 1 2Grid
55 leak, 2 megohms
R4 — 1 Durham resistor, 150,000 ohms, with leads
Rs — 1 Yaxley Junior potentiometer, 3000 ohms,
Si —(d.p.s.t.),
1 YaxleytypeJunior
740 switch, double circuit
type 53000-P
SH control
— 1 S-M
aluminum
legends,
type 705shielding cabinet with
Ti — 1 S-M first-stage audio transformer, type
T2 — 1 S-M second-stage audio transformer,
256 output transformer, type 251
T3 —type1 S-M
340 midget condensers, 0.000025
Vi mfd.,
to V5type
— 5 S-M
1 S-M walnut finish base moulding, type 706
1 S-M 10-lead battery cable, type 708
2 cartons S-M hook-up wire, type 818
7 S-M tube sockets, type 5 1 1
2 Yaxley insulated tip jacks, type 420
1 set hardware (obtainable from manufacturer)
The accessories necessary to make the set
operative are as follows:
41 cx-322
CX-301A r.f.
or,tubes
preferably, CX-II2A detector tube
1 cx-i 12A first a.f. tube
1 CX-371A power tube
1 6- volt storage A battery or A-power unit
4 45-volt heavy-duty B batteries or a B-power
unit (180 volts), such as the S-M 670-B
Reservoir Power unit
! 4o|-volt C battery
1 45-volt C battery
If it is desired to use a cx-350 type power tube
in place of the 371 in the last stage, a highpower A-B-C supply, such as the S-M 675 ABC
Hivolt Power supply, should be used. In this
case only the 45-volt C battery is necessary,
and a 2-mfd., 600-volt condenser must be
placed between the speaker and terminal 2 of
the output transformer, T3, (see Fig. 1.)

FIG. 3. THE UNDER SIDE
This view gives an idea of the simplicity of the wiring of the receiver, resulting front the use of the
metal chassis as the A minus circuit return. The mounting of the condensers and chokes on the
under side of the chassis is also clearly shown
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Radio Broadcast's Home Study Sheets
Alternating Current
Part I

o

A N ALTERNATING current is one in which
the magnitude and direction of flow of the
current are continually changing. A direct current flows steadily in a given direction and at
a more or less constant magnitude. The laws
governing direct current phenomena and apparatus and the associated circuits are fairly
simple;
Ohm'snearly
Law all
willd.c.
enable
the experimenter to solve
problems
he runs
into. The laws of a.c. circuits, on the other
hand, are more complex — but for this very
reason provide more enjoyment for the experimenter and those who like to solve problems.
Sheet toNo.some
3 shows
Ohm's
LawHome
is toStudy
be applied
radio how
problems;
this Sheet gives the fundamental facts about alternating currents.
DEFINITIONS
At regular intervals the direction of flow of an alternating current
reverses, and therefore its variations in magnitude are as follows: the
voltage starts at zero, rises to a maximum in one direction, decreases to
zero, changes its direction, increases to a new maximum and then falls to
zero, after which the CYCLE js repeated. Figure 1 is a representation of
a single cycle of a.c. voltage. Such a picture is called a SINE WAVE.
The number of times a second this cycle is repeated is called the FREQUENCY; the time required for one cycle is the PERIOD.
House lighting currents are usually of 60 cycles although in some localities 25-cycle and 133-cycle circuits exist. So slowly do the alternations
take place on a 25-cycle circuit that lights burning from them seem to
flicker, although people who have never seen lights operated from circuits
of higher frequency seem not to notice the unsteadiness of their own ilAudio-frequency
low as the earlumination.
can hear,
about currents
32 cycleshave
per frequencies
second, to asranging
high as from
we canas
hear, about 15,000 cycles per second. Radio circuits have frequencies
ranging from about 10,000 cycles to as high as 30,000,000 cycles. Longwave transoceanic communication takes place on the lower radio frequencies, broadcast transmissions on frequencies between 550,000 and
1,500,000 cycles, short-wave communication from 1,500,000 to 30,000,000
cycles. A kilocycle is one thousand cycles.
PLOTTING AN A. C. CURRENT
To show graphically what happens when an alternating current flows,
let us look at Fig. 2 which consists of a circle in which is a rotating arm
attached to the center and touching the circumference — a rotating radius.
Suppose
the circle
with ofit the
rotating arm
—
at a constant
speedmoves
such tothattheitright
moves— carrying
the distance
its diameter
in the
time it takes the rotating arm to make one complete rotation in a counterclockwise direction. Suppose a piece of chalk is attached to the end of the
arm touching the circle. What sort of figure would it trace out as the two
motions referred to take place? It would be a wavy form exactly like the
alternating current curve in Fig. 1. The arm represents (mechanically)
the rotating armature of an a.c. generator; the movement of the circle to
the righttation of the
represents
passageof anof time.
The curve
is a graphic represenchangingthevalues
alternating
current.
PHASE
Since a complete circle has 360 degrees, we may speak of the position
of the arm in terms of the number of degrees it has rotated within the
circle. When it is perpendicular to its starting position it has traversed
one quarter of 360 degrees or 90 degrees; when it is parallel but pointing in
the opposite NATION,direction,
has gone
through
180 degrees,
or one ALTERand so on. itThese
various
positions
of the rotating
arm are
called its PHASES. Thus we speak of the 90-degree phase, and so on.
Since the magnitude of the voltage in an a.c. circuit is continually
changing, it becomes expedient to have a means of knowing what the
voltage is at any particular instant. At 0 degrees it is zero, at 90 degrees it
is maximum, at 180 degrees it is zero again, at 270 degrees it is maximum,
but in the opposite direction, and at 360 degrees the cycle is completed,
and the voltage is again zero.
A.C— INSTANTANEOUS VALUE
The INSTANTANEOUS value of an a.c. voltage or current is always
referred to with regard to the maximum value. That is, if we multiply
the maximum value by some factor which connects it and the phase, we
shall have the instantaneous value.
A measure of the instantaneous value is the vertical height of the end
of the rotating arm above the horizontal axis. The vertical height is
measured by the length of the line dropped perpendicularly from the end
of the arm to the horizontal axis; it is known as the vertical component.
Now let. us remove the vertical arm and its accessory lines from its circle
and make what is known as a vector diagram at the 45-degree phase. In
Fig. 3 let us label the arm, E (maximum voltage), the vertical component
e (instantaneous voltage), and the angle which represents the phase, $>.
Now if we divide the vertical component by the length of the arm, that is,

o

FIG. 2

e/E,
we shall have
a ratio
is defined
mathematically
as the
SINEwhich
of the
angle,
usually written sin <p. This is the factor which
connects the length cf the arm and the veitical
component.
Thus
sin <j> =values
e/E of or
e = Eof sin
<*>
The numerical
the sines
a number of angles are given in Table 1, and with
their use we have a means of calculating the
instantaneous values of a voltage provided we
know the maximum value and the phase angle
in degrees. At 90 degrees the vertical component is equal
E andat sothisthe phase
instan-is
taneous value toof the
the arm
voltage
the maximum value. Can you prove this mathematically, using the data in Table 1?
EFFECTIVE OR R.M.S. VALUE
Since an alternating current is reversing at a rapid rate, the needle and
mechanism of an ordinary d.c. meter would indicate only an average
value which would be zero. Some other means must therefore be provided
for comparing an a.c. current with a d.c. current.
We say, therefore, that an a.c. current is equal to a given d.c. current
when they produce the same heating effect, and this value of the a.c.
current is called its EFFECTIVE value. It is equal to the maximum value
divided by the square root of 2, or
I eff. = I max.
7=r = I x .707
_
and

E x .707

Since the heating effect of a current is proportional to the square
of the current, we may Eobtain
= the
- effective or heating value over a complete cycle of alternatingeff,current
by
taking
the
average
of
the
squares
of several instantaneous values l/2
of
_
current and extracting the square
root. This value of current is then
the square root of the average or
meancurrent.
squares This
of a isnumber
of valuesto
of
abbreviated
"root
mean
square"
or
r.m.s.,
which
is another term for effective value.
In
this expression
"mean"
and
"average"
have the same
meaning.
The
maximum
or
"peak"
value
of an a.c.mining thevoltage
used in deterC bias isnecessary
for an
amplifier; the r.m.s. value is used
in all power problems. It may be
obtainedbyby 1.4dividing
maximum
value
or bythemultiplying
the maximum
value
byO.
Meters for use on a.c. circuits 707.
indicate
the effective or r.m.s. values. The
form of the wave in well regulated a.c. power circuits is nearly a true
sine wave, that is, one in which the relation between the length of the
rotating arm (the maximum value E or I) and the vertical component
(the instantaneous value e or i) is the sine of the angle between the arm
and
the horizontal
axis. If the a.c. current is not a true sine wave these
relations
do not hold.
PROBLEMS
1. Express in kilocycles the values of frequency given in paragraph four
of this Study Sheet.
2. Assume that the maximum value of an alternating current is 10
amperes. On cross section paper plot its instantaneous values through one
complete cycle by using the data in Table 1.
3. The effective value of an a.c. voltage is 110 volts. What is the maximum value?
4. What is the effective value of current in a circuit in which the maximum value of current is 10 amperes?
5. The maximum value of a certain current is 10 amperes. What is the
phase
when
the instantaneous
value is 5value
amperes?
6. In a certain
circuit the effective
of the voltage is 15 volts.
What is the instantaneous value of the voltage at the 45 degree phase?
7. Check the relation between maximum and r.m.s. values by getting
the
square2. root of the average squares of several currents as plotted in
Problem
8.
It power a inresistance
watts is equal
x R,peak
whatvoltage
is the power
up in heating
of 10 toohms(Ir.m.s.)
when 2the
is 10? used
9. Express by means of a vector diagram and in a formula the voltage
in a circuit at phase 45 when the maximum value is 20.
10. Tell all you can about what the equation, e = 10 sin 30°, means.
TABLE 1
-1.0
Sine
Angle in Degrees
0
30
45
90
120
180
270
360

0.0
0.5
0.7
0.87
1.0
0.0
0.0
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Alternating Current
Part 11
TFknow
THEtheexperimenter
wishes a.c.to
difference between
and d.c. circuits, let him try to
measure the current flowing through
a 30-henry choke when placed across
the 90-volt tap of his plate supply
unit, and then when placed across
the 110-volt
a.c. line.
Evidently
choke
has a much
different
effect the
on
an a.c. line than it does on a d.c.
line. What is this difference?
Let him, too. try to measure the
current through a 1-mfd. bypass
condenser when placed across this
90-volt tap, and across the 60-cycle
line. Here
again
ence between
d.c. weandseea.c.the differThe choke — another name for an
inductance
passes than
much it less
rent on 60— cycles
does curon
d.c; the condenser passes none at all on d.c. and an appreciable amount
on 60 cycles.
INDUCTIVE REACTANCE
The opposition to the flow of a.c. currents offered by a coil of wire is
proportional to its INDUCTANCE, the property of a coil which tends to
prevent
the into
flow aofchoke
current.
rate
at which any
the change
current inflows
coil Ifandonethecould
rate measure
at which the
it flows
into the same length of wire stretched out straight, he would see that the
final value of the current was attained much later when flowing into the
coil. The same fact would be observed were the current flowing out of the
coil or straight wire. The spark which takes place when the connection
from a battery to an iron core choke is broken is evidence that the current
tends to keep on flowing even after the connection is broken.
How does an inductance tend to prevent changes in current?
Such anomentendency
is the when
result current
of several
a. In the first place,
beginsfundamental
to flow into electrical
a coil, linesphe-of
force fiom each turn of wire extend themselves out from the coil to form
what is called the magnetic field of the coil. In the second place, whenever
a line of force cuts across a conductor, or vice versa, a voltage is induced
in that conductor. Thus, when the many lines of force thread their way
through the coil of wire, each turn of wire is cut by the lines of force from
the other turns, so that a voltage is built up across the terminals of the
coil. Now the third fundamental fact is that the voltage, which is called
the
" induced
" voltage,
is in suchin athedirection
increase
or decrease
of current
coil. that it tends to prevent any
We tance
have
the
following
phenomena
then
the causing
effect of lines
induc-of
on changes of current: current flows tointoexplain
the coil
force to cut the individual turns of the coil; this in turn induces a voltage
in the coil which has such a polarity that the increase in original current
flowing into the coil is retarded.
When the connection is broken the opposite effect takes place; that is,
the induced
to prevent This
the decrease
current
result that its voltage
existencetends
is prolonged.
voltage, ofthen,
mustwithbe the
in the
same direction as the voltage tending to force current into the coil, so that
across the ends of the coil, or the break in the circuit, a large voltage is
built up. This voltage consists of the original impressed voltage from a
battery, for example, plus the induced voltage. This explains the spark
which takes place and the rather severe shock which may be felt from
even small impressed
voltages and a small
^ "~
~~ ^ ^
coil.It is important to
note that it is only when
the current in the coil
is changing — increasing
or decreasing — that the
lines ofneticforce
in the magfield change.
And
it is only the changes in
the lines of force that
give rise to induced
voltages; hence the retardingductance
effect ofoccursanonly
inFIG. 2
when the current flowing changes.increasing in
Since an alternating current is continually changing,
value, reversing its direction of flow, decreasing in value, etc., the opposition which inductance offers to its flow is considerable.
The opposition which an inductance offers to the flow of alternating
currents is measured in ohms just as resistance is, and its technical term
is REACTANCE. The reactance of a coil depends upon the frequency of
the current and the inductance of the coil, and is numerically equal to
6.28 times the inductance in henries times the frequency in cycles. The
abbreviation and formula for inductive reactance are
XL = 6.28 x f x L
Thus, doubling the frequency doubles the reactance in ohms, so does
doubling
inductance
the same frequency.
Since thethecurrent
into anat inductance
does not rise to its maximum value
instantly, there is a lag between the times of maximum voltage and
maximum current. The maximum current is not reached in a pure inductance (no resistance)
until thecircuit,
voltagetherefore,
has goneis through
90° ofbehind
its cycle.
The current
in an inductive
said to LAG
the
voltage. This is illustrated in Fig. 1, in which the maximum values of the
current and
voltagerepresents
are 90° two
apart.armsIt isrotating
also shown
the vector
diagram
Fig. the
2 which
at, thein same
speed

but 90° or one fourth of a cycle
Since the maximum values of
apart.
the
voltage
are into
90°
apart,current
we mustandtake
this fact
recognition when we desire to know
the instantaneous values of the current. If the voltage is at the 150°
is 90°Thisbehind
it
orphase,
at enceitsofthe
owncurrent
phase.
90°
is60°called
the ANGLEdifferOF
LAG, or the phase ANGLE between
the voltage andvalue
the ofcurrent.
The
the current
isinstantaneous
expressed by
i = I sin (<b — 90°)
Example. What is the instancurrent atis the
150° phase
in an inductive circuit in which the maximum taneous
current
10 amperes?
l = 10 sin (150°— 90°)
= 1010 sin
x .8760°= 8.7 amperes.
Figure 3 is the vector =diagram
illustrating this problem. It is drawn to
scale
that voltage.
the various lengths of line represent the various values of
currentso and
CURRENT IN INDUCTIVE CIRCUITS
Just asit the
current
circuitin an
is expressed
whether
is d.c.
or a.c,in aso resistance
is the current
inductive bya.c.Ohm's
circuit law,
expres ed by a similar formula.
XL 6.28 xfxL
and if the voltage is effective, or maximum, or instantaneous, the current
will be effective, maximum, oi instantaneous.
PROBLEMS
1. Plot the reactance of a coil of 0.1 henrv as the frequency is increased
would
the toreactance
be
from 100
10,000 cycles,
and then from" 10 to 1000 kilocycles. What
if the inductance were 1
millihenry? One henry?
2. A coil has the
following dimensions:
length of winding, 2
inches; diameter, 3
inches; number of turns.
65. What is its reactance
to a current of 750 kiloFIG. 3
What current
would flowcycles?through
it if
the voltage (effective)
were 10? (See Home
Study Sheet No. 2, July
Radio Broadcast.)
3. Make a vector
diagram
for theandfollowing condition
solve by means of the formula above. The instantaneous
at the current
135° phase
is 5 volts; The
whatcircuit
is theisinstantaneous
current if thevoltage
effective
is 5 amperes?
inductive.
4. How much inductance must be placed in a 110-volt (effective) circuit
at 60 cycles to limit the current to 1 ampere? At 6000 cycles?
5. The maximum value of the voltage in an inductive circuit is 140,
the maximum current is 10 amperes. At what phase is the instantaneous
current equal to 7 amperes? What is the instantaneous value of the
voltage? What inductance must be added to reduce the maximum current
to 7 amperes
rent then? if it is a 133-cycle circuit? What will be the effective cur6.
Can you
explainthanwhyonea built
25-cycle
is larger,
and more
expensive
for 60transformer
cycles? What
would heavier,
be the
result of placing a 60-cycle transformer on a 500-cycle circuit? What
would happen if a 500-cycle transformer were placed on a 60-cycle
circuit?
7. Suppose you couple a loud speaker to an output tube by means
of a choke and a condenser. The output a.c. voltage at 1000 cycles is
50; this appears across the choke which has an inductance of 30 henrys.
What a.c. current flows through the choke? If the condenser offers no
impedance to the flow of current at this frequency, and if the loud speaker
which is, then, shunted across the choke, has an impedance of 4000 ohms,
how much a.c. current flows through it? Suppose the power into the loud
speaker is equal to the current squared multiplied by the impedance
of the speaker. What power is going into the speaker? Suppose 2 per
cent,
electrical
power output
is turned
sound from
energythe byspeaker?
the speal-e
How of
manythis watts
of sound
powerintocomes
how '.
many
micro-watts?
8. Drawformerstheworkingdiagram
two-stagetubeaudio
amplifier
3-1 trans-of
out ofofa adetector
which
has anusing
impedance
20,000 ohms, the power or second stage working out of a tube with an
impedance of 12,000 ohms and a mu of 8. These plate impedances are
in series former.
withSuppose
the across
impedance
of the
transthe first
audioprimary
primaryof the
is 0.5following
Volt at audio
100 cycles.
The transformer primaries have effective inductances of 100 henrys.
Figure the a.c. current in the plate circuit of the detector and the first
audio
them.) tubes. (Combine the tube and transformer impedance by adding
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maximum gain may be obtained. (See
Proceedings of Institute of Radio Engin4
eers, December, 1926.)
However, with the screen-grid tube
o 28
the plate resistance is between 400,000
o
and 700,000 ohms so that rn is very
i22
large and the relation t2 = yjx tj2 can
never be satisfied. Of course the primary
I<: 20 ^26
i
_
2
inductance of the r.f.t. may be increased
<5 16
o S24
up to the point where the distributed
capacity of the winding itself tunes the
12
primary to some frequency in the wave-=: 3length band. 112 is made as small as
10 a is
450
550 possible but can never be reduced below
300 FIG.
3503 400
a value of about 0.003 except with reWAVELENGTH IN METERS
generation. Therefore, it is essential in
the design of a transformer for the screenarticle on page t252 of SepIN THE tember
grid tube to make the coupling very
Radio Broadcas the charTheoretical and actual voltage amplification curves over the
acteristics ofd.c. and a.c. types of cast band for the types of r.f. coupling discussed in this article large. This problem was attacked by the
broad- writer some months ago and by carescreen-grid tubes were discussed and
their performance in untuned amplifiers was
cerned Fig. 1 reduces to Fig. 2, where a voltage
ful design the coefficient of coupling was increased from its usual value of about 0.5 to 0.91.
also considered. It is the object of this of ■j.Eg is applied in series with the plate resistarticle to treat of two types of tuned radioThis factor depends upon the geometrical relaance, Rp, and the primary of the transformer.
tion between primary and secondary in such a
frequency amplifiers, one the common radio- Analyzing this circuit and making certain simpliway that the shorter the secondary winding with
frequency transformer where a primary and
fications theLvoltage amplification is
,
secondary winding is used, and the other the
the primary in a given position the larger x becomes. The coils which showed a t of .91 were
(0
auto-transformer usually termed tuned impedance.
wound on a 2" form and had a winding length of
lg
+ ill V2
Where
tV- The primary was slot wound and placed
amplification factor of the tube
The function of a tuned radio-frequency amT
coefficient of coupling between
plifier isnot only to amplify incoming signals but
J" from the low potential end.
With these coils in the one-stage amplifier the
also to give the desired amount of selectivity.
primary and secondary
circuit of which is shown in Fig.— 1, and using a
Secondary inductance in henrys
There is also the question of the tendency of the
CeCo a.c. 22 tube, an amplification i of about 20
preceding circuits to oscillate, which is very
Primary inductances in henrvs
4i
important with tubes which have a great deal of
32
2x
frequency
Rp/U"
R2/L,
w be readily seen by equaIt will
tion 1 that there is a relation beV2
41
tween fii, ^2 and t that will make
30
the amplification a maximum.
26
This relation is
28
— 1— ■ r- ■
= tlu t)2 (2)
for maximum voltage amplifica1
22
tion.
0 24
20
The amplification obtained by
the transformer and tube when this
H 1
relation is satisfied is
_lQ_
— /
(3) o 12
•
Ee
2 V r;i Tj2
From this analysis it may be S 14
1
seen that L2 should be as large
■ ■1
+ B67 +B135
2.25 VAC.
as possible consistent with tuning
10
down
to
the
lowest
wavelength
l
ABOVE FIG. I. TO THE desired. Li should be as small as
t
8
•
LEFT — FIG. 2.
possible consistent with satisfying
6
The circuit diagram and its the relation t2 = 1)1 Tfe.
1 18 4r
schematic equivalent circuit for
It should be noted that when Li
4
a stage of r. f. using a t. r.f. is small that r)i is large and contransformer
/
2
sequently the coupling must be in1 16
creased. Thus it is advantageous to
capacity between grid and plate. This effect, make the coupling large consistent with keep50 40 30 20 FIG.
10 04 10 20 30 40 50
ing the capacity between the primary and the
however, is minimized with the screen-grid tube,
BELOW RESONANCE-MMFD."ABOVE RESONANCE
and consequently will not be dealt with at length secondary windings small, as this capacity behere.
tween the two circuits has the effect of introducTo determine the design of an r.f. transformer
ing a voltage in the secondary circuit somewhat
The solid curve is the actual resonance curve of the
for the screen-grid tube the mathematics for a out of phase with the voltage induced by the transformer shown in Fig. 1 and 2 at 400 meters.
one-stage amplifier such as shown in Fig. 1 magnetic coupling.
The dotted peak is the portion of the calculated
With the ordinary 199, 201 a, 226, and 227 type curve which does not coincide with the actual curve.
should be examined and the voltage amplification, i.e., output voltage, E, divided by input, Eg, tubes, the plate resistance is sufficiently low so The dot-dash curve is the resonance curve of the
tuned impedance shown in Figs. 5 and 6
that all the above relations may be satisfied, and
calculated. As far as alternating current is con359
JN THIS, the second article from
■*■ Mr. Browning s notebook on the 222
tube, the author discusses two common
methods of coupling a screen-grid tube
to a detector or to a following amplifier.
The equations by which Mr. Browning
arrived at his conclusions should be
interesting to the mathematically inclined; the results of those equations
and the laboratory data will be interesting to anyone who likes to keep up
to date in radio.
— The Editor.
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FIG. 5
The circuit of a stage of tuned impedance
r. f. amplification using a screen-grid tube
per stage could be obtained. The method of
measuring this gain was to put in a signal from
an r.f. oscillator of o. 1 volt, as measured on a
Rawson Thermal Multimeter, and to measure
the voltage developed across points 3 and 4 by
means of a vacuum tube voltmeter. The results
are shown in Fig. 3. In curve 1 voltage amplification isplotted against wavelength. The theoretical amplification as calculated from equation 1
is shown by curve 2. The discrepancy between
measured values and calculated ones is probably
due to the capacity between primary and secondary windings of the r.f.t., as the effect of any

Wireless Direction Finding and Directional Reception. By R. Keen. Iliffe &
Sons, Ltd., London. 490 pages. 1927. 21s.

a given work is inTHE statementdispensable tthat
o those interested in the
subject is a much misused cliche of technical book-reviewing, but in the case of Keen's
"Wireless Direction Finding and Directional
Reception" it is merely the literal truth. This
book was first published in 1922 under the title of
" Direction and Position Finding by Wireless."
In the second edition the title was changed to
include directional aerial systems, which had in
the meantime assumed importance. Keen's work
is an important contribution to the specialized
literature or r,adio. It is a serious technical job
and not intended for those to whom radio is a
plaything. The mathematics is fairly simple, but
the vectorial and diagrammatic treatment is very
thorough and obviously designed for the attention of engineers and engineering students.
After an introduction, which includes an
impartial historical treatment of the subject,
directional transmission and reception are discussed. The wave antenna of Beverage, Rice, and
Kellogg is described at the end of Chapter 2.
The third chapter is devoted to " Frame Aerial
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capacity would be more pronounced on the short
than on the long wavelengths.
As a matter of comparison the amplification of
a 201A tube used in conjunction with a well-designed transformer is shown by curve 3. Not
only does the screen-grid tube with the transformer described above give more amplification
per stage, but furthermore a number of stages
may be used without neutralization, whereas
with the 20 1 a, careful neutralization is necessary.
Before considering the amplification given by
a tuned impedance, let us consider the selectivity
obtained with the transformer and the Ceco a.c.
22 tube. The selectivity depends primarily upon
the resistance, R2, inherent in the coil and condenser in the secondary circuit. However, this
resistance is increased due to the effect of the
primary. Instead of considering the resistance
R
itself let us consider . — which is nearly constant

measured curve except that the theoretical
curve is slightly higher as shown by the dotted
line.
Let us now consider the amplification and selectivity ofthe screen-grid tube using tuned impedance asshown in Fig. 5, with the equivalent
circuit Fig. 6. In this case the gain is given by

Reception." This is discussed in detail, such
topics as " Elimination of Vertical" (the antenna
effect of a loop, which plays a part in reception)
being treated. The theory of practical systems
of this type is comprehensively stated and the
chapter closes with a discussion of " Fallacies
in Heart-Shape Circuits," this being a study of
difficulties found in cardioid-reception circuits
using a combination of loop and antenna pick-up.
The following chapter describes the characteristics of rotating loop installations of the following types: Radio Communication Company,
Ltd., Societe Francaise Radio-Electrique, Gesellschaft fur Drahtlose Telegraphie (Telefunken),
Siemens Brothers and Company, Ltd., U. S.
Bureau of Standards, Washington, Marconi's
Wireless Telegraph Co., Ltd., Radio Corporation of America, and the Federal Telegraph Company. The descriptions are quite extensive and
well illustrated with diagrams and photographs.
Chapter 5 is devoted to an analysis of the Bellini-Tosi system, which uses large fixed loops
for directive transmission and reception. Another chapter goes into the theory and practice
of map drawing. The radio engineer will have
his hands full with such terms as "The Gnomonic
Graticule," "The Retro-Azimuthal Chart,"
"The Orthomorphic Cylindrical Projection";

in this chapter and the one following, on "PosiFinding andhome
Wireless
he will
have tion
it brought
to himNavigation,"
that radio direction
finding is as much a branch of geography and
navigation as of wireless communication.
Chapter 9, on "Night Effect and Other Freak
Phenomena" is of general interest to students of
the vagaries of radio transmission. In the following two chapters the discussion returns to types
and characteristics of apparatus on shore and
afloat. Theory, testing, calibration, and operation are considered in turn. Chapter 12 tells
about "The Aircraft D. F. Installation"; it is
as complete as possible, but in his preface the
author says that this chapter "is still necessarily
very curtailed. Although there has been much
activity in this direction, there are few concrete
designs of aircraft D. F. available for inclusion
here." For this state of affairs the difficulties
encountered in such installations, as well as the
indifference of many airmen, are responsible.
Two more practical chapters, on " Fault Clearing and Maintenance," and "Notes on Field and
Nautical Astronomy" complete the work. A
bibliography of 374 references and an index are
included. If anything material on the subject
has
been omitted it has escaped the present reviewer.

so that the smaller the resistance in the seconUj
Rp r+ rl2R2
the larger the amsmalle
dary circuit andEgthe itf
plification. Fig.3, curve 4, shows the amplification measured while using a 2" coil. The calculated curve, 5, in this case is quite close to the
measured values, 4. However, the apparent selectivity of the tuned impedance amplifier as
shown by the dot-dash curve in Fig. 4, is not as
good as in the case of the transformer. There
seems also to be another disadvantage in using
tuned impedance which is due to the tendency of
over the wave band and gives directly the sharp- the circuits to oscillate when using only two
ness of tuning of the circuit. The smaller this stages. The writer has been able to build with
factor the sharper the circuit tunes.
careful shielding a two-stage r.f. amplifier using
For a given amount of amplification the se- the transformers described without the slightest
lectivity ofthe radio-frequency transformer as a tendency to oscillate. Regeneration on the dewhole depends upon the coefficient of coupling
tector was possible with the result that tremenso that when it is increased to
dous signal strength and fine
selectivity were obtained, while
obtain amplification the selectivity of the transformer is
with tuned impedance conalso increased.
siderably more care was
The solid curve in Fig. 4
necessary to get two stages
to be stable, and even then it
shows the resonance curve of
seemed as if the signal strength
the transformer at 400 meters
were no greater than with the
where amplification is plotted
transformers plus regeneraagainst capacity of the tuning
FIG. 6
tion, while the selectivity of
condenser above and below resonance. The calculated curve
the two systems was not to
atic
circuit
of
Fig.
5
The equivalent schembe compared.
falls for the most part on the
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BERT E. SMITH
Aero Products, Inc.

WHEN
the screen-grid
tube by
was many
first
introduced
it was heralded
as a panacea for all the ills associated with
r. f. amplifiers. That such is not the case is
becoming more and more evident. The tube
undoubtedly is valuable, but just what can
be expected of it can be determined only from
the data obtained from carefully done laboratory investigations. In this article is presented
some such data indicating the comparative
gain and selectivity that can be obtained
from the tube when it is used with different
types ofr.f. transformers. — The Editor.

One of the Coils Tested

FOR several years the development of radiofrequency amplification has been practically dormant, with little, if anything,
new in sight at the present time. Recent improvements have been confined to the sonic end
of the receiver, with the result that radio has
been lifted from a fad to an art, but the old thrill
of "distance" has passed! No longer do eager
commuters rush for the morning train to brag
about the dx of the night before, and no longer
do "Radio Widows" get divorces because their
husbands desert them to spend the nights with
the radio set and the thin elusive signals from a
transmitter three or four thousand miles away.
For, strangely, in spite of the fact that receivers now average six or seven tubes where
they used to have perhaps three, and broadcasters use ten or a hundred times their former
power, it is harder and harder to get distant
stations.
xMany theories have been advanced to explain this, but in the final analysis, it becomes
increasingly evident that the truth must be
that in the rush for selectivity and quality, designers have lost sight of sensitivity. The
science of radio-frequency amplification has
seen retrogression rather than progress. Nothing
of any real value has been introduced since the
Hazeltine neutrodyne system several years
back, and even that, insofar as the principle of
neutralization by external capacitative reactance isconcerned, was only a variant of the
earlier Rice system.
In the years immediately following the introduction of the neutrodyne, many schemes have
been advanced purporting to produce the full
theoretical amplification of the tube and
transformer, or to enable the tubes to be stabilized without any loss of efficiency, but all
have proven impractical, and 100 percent, efficient radio-frequency amplification continues to be a vainly sought chimera. A
surprising number of manufacturers have
returned to the oldest method of stabilizing known — potentiometer grid control.
Some are cutting down the plate voltage
applied to the tubes. Some use variable
leaks across the tuning condenser,
broadening the tuning and losing all the
well known advantages of low-loss coil
and condenser construction. Practically every manufactured receiver to-day
on the market employs one of the
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Mosser" systems which were so violently, although justly, condemned a few years ago!
Small wonder, then, that receivers do not
reach out for distance now as then !
That there is still a call for sets which will
bring in distant stations was distinctly evidenced by the sudden rush when the screen-grid
tube was announced, and it is decidedly unfortunate that this tube was heralded by so much
misleading publicity, which led builders to expect much that has proven impossible. Many of
the leading publications carried editorial matter
describing the great amplification obtainable
from a tube which would not oscillate, and even
the largest tube manufacturers and best engineers in the country allowed statements to
appear such as "a voltage amplification of 200
per stage is obtainable, but at broadcast frequencies the resonant impedance is lower
reducing the amplification by 25 per cent, of
may be possible to get such gain from the
thisIt value."
tube in laboratory apparatus, constructed by
competent engineers, and under ideal conditions, but performance of this kind cannot by
any means be secured from the ordinary broadcast receiver. It has become extremely doubtful, in the writer's opinion, whether the tube
in ordinary use in tuned radio-frequency receivers operating at frequencies of 500 kilocycles and higher can produce great deal
better all around results than the 201 a type tube
which has been standard for so long a time.
With all these facts firmly in mind, an investigation was recently undertaken with the
object of determining two things: First, whether
some existing method of stabilization could not
be so modified as to give really passable results
by permitting r.f. amplifiers to be built without
the intentional introduction of losses except as
Transformer under test

FIG. I

,

desired for a volume control; and secondly,
whether this amplification might be obtained
within appreciable limits of selectivity, regardless of the type of tube used. However, all the
tests described below utilized the 222 type of
tube. No new ground was gone over, and
nothing was developed which did not bear out
previous empirical design, but there had been
so much theoretical data published, and so little
of the results of actual quantitative tests, that
ing.
it seemed that figures obtained through concrete experimentation might be at least refreshPrior to commencing any actual work, certain
limits were laid down as essential if the results
were to be of any value in designing a receiver
which could be constructed by the kit builder.
First, standard apparatus, obtainable by anyone,
must be employed. Second, the need for any
complicated balancing, by means of expensively
accurate apparatus after construction, must be
avoided if possible. Thirdly, the use of shielding,
while not barred, was considered undesirable as
introducing superfluous expense and trouble.
Last, no involved or critical adjustments of any
kind were allowable, as a receiver must be infallibly sure to give good results if the connections are properly made, in the hands of the most
inexperienced operator.
THE TEST OF COUPLING METHODS
THE first actual operation was the determination of the method of coupling tubes, and the
optimum values to be used in the coupling
device. For this the set-up shown in Figure I
was utilized originally, but since the conditions
in the grid circuit of the amplifier tube were not
identical with those which would be encountered
in actual practice, it was found advisable to add
a second stage, coupled to the grid of the test
stage tube by a special radio-frequency
transformer having an absolutely flat
amplification-against-frequency characteristic. The use of this stage allowed the
test stage to be adjusted to operate in
a manner exactly identical with its
performance in an actual receiver, permitting oscillation to take place in the
same way and at the same point. The output of a modulated oscillator, variable in
frequency over the broadcast spectrum,
was led through an adjustable attenuator to the grid of the first amplifier tube,

362

RADIO

+ 90

+180
1:1 TRANSFORMER
<B>

+ 90
+ 180

+ 180
AUT0F0RMEU

ORDINARY COIL
(C)
FIG. 2

OCTOBER,

BROADCAST

(D)

primary turns, and where possible, with varying
degrees of coupling, as well as with primary windings in both directions in the first few tested.
Empirical analysis previous to the test had led
us to believe that where capacitative coupling
existed between the plate circuit of the preceding
tube and the grid circuit of the following tube,
the voltage in the secondary due to this coupling
would be in quadrature with that generated by
the inductive coupling when the winding was
continuous in direction from plate to grid,
and hence would reduce the amplification obtainable, although probably flattening the
curves somewhat due to the change in relative
energy transfer by capacity and inductance at
varying frequency. This was borne out in the
first few curves, and since the object of the
test was to secure the highest possible amplification throughout, the balance of the tests was
made entirely with the windings in opposite
directions.
RESULTS
IN FIG. 3 curves of amplification are shown on
* three windings in types 2, 4 and 6, and will be
discussed at more length later. Type 1, illustrated in Fig. 2-A, generally advocated for use
with the screen-grid tube, showed no greater
amplification than several other types, and was
pronouncedly poor in selectivity. Type 3 gave
beautifully flat curves, but the amplification
was low, as only a portion of the built up voltage
was impressed across the grid and filament of
the following tube, and the selectivity was
rather poor. Types 7 and 8 appeared desirable
from some angles for particular purposes, but in
general were not considered as useful as the
standard types. Due probably to the large distributed capacity of this type of winding, decided resonance peaks were obtained which varied in their amplitude with the degree of coupling and number of turns used. When a coupling
was adjusted to the optimum degree where only
three peaks were observed in the broadcast
spectrum and a merit figure of 47 to 5^ was obtained, the selectivity was very poor, and when
either coupling or self-inductance was so adjusted as to allow appreciable selectivity,
variations in amplification as high as 50 per cent,
were- unavoidable. It seems therefore evident
that this type of winding is not as a rule desirable. Type 10 gave extremely good results, but
was impractical for use in receivers because
each stage would require three controls, two for
tuning and one for coupling, each of which
required adjustment for every frequency change.
Types 4 and 6 are very commonly
used, and hence we have selected them
for detailed presentation in connection
with type 2, which was finally adopted
as best. Type 4, illustrated in Fig. 2-B
and generally advocated for use with the
screen-grid tube when the tuned impedance arrangement is not employed, is
shown on the chart of Fig. 3 in dot-dash
lines, and it will be noted that after the
number of turns increases to a certain
point, no further increase in amplification
is obtained, and hence the i:i ratio
which has been recommended is not only
unnecessary, but undesirable, since the
selectivity, poor at all times with this
type of construction, is very bad when
more than eighteen turns are used.
Type 6, illustrated in Fig. 2-C, is the
600 type most commonly used at the present
time and the results indicate that if conventional circuits are to be employed, it
is considerably superior to any of the
in the others tried. It is at least as good in amplification asthe widespread primary, with
'9

also actuating a very sensitive vacuum tube
3. A transformer in which the primary and
voltmeter. By this means the input signal could
secondary are coupled by a bypass condenser
be kept constant regardless of frequency varia- at the low potential ends, the direction of the
tion. The output of the coil under test was led to winding being continuous from plate to grid,
a second vacuum tube voltmeter whose input and the coil being tuned from plate to grid, as in
the R. B. Lab. circuit and Betts circuit
characteristics were similar to those of a typical
detector circuit. A second transformer, having adaptations.
4. A primary wound to take up a length of
the same flat amplification-against-frequency
characteristic already mentioned, was used as a if", inside the secondary. Fig. 2-B.
standard of comparison for plotting figures of
5. A primary wound to take up \" ,
merit on all couplers used.
inside and in the center of the secondary.
This test was given to coils of sixteen types,
6. A primary wound to take up \" , placed
as many of each type being tried as were deemed
inside and opposite the low potential end of the
necessary to determine their worth. Inasmuch
placed
secondary. Fig. 2-C.
as the reproduction of all these curves here would
7.
A
primary
wound
with
a
length
of
\" ,
only lead to confusion, due to their number, and
placed in both positions above described.
would serve no particularly useful purpose, we
8. A primary wound in a 3V slot, coupled
will show the results obtained in those most
adjustably to the secondary.
usual types which had a bearing on the final
9. A primary wound on the same diameter
result. However, as a matter of information,
as, and at an adjustable distance from, the
secondary.
it may perhaps be advisable to outline roughly
the types involved and the major reason for
10. A tuned primary with adjustable couptheir abandonment.
ling to the secondary.
All coils were of the general type illustrated
Each was tested with a varying number of
in the photograph on page 361, having 77 turns of wire in the secondary circuit, air-spaced to conform to an approach
18
to the ideal shape factor and supported
36^
by a skeleton bakelite frame, so that
the insulation losses are kept at a miniJ_6
mum figure. The self-inductance of the
secondary alone was 167.4 microhenries
and the radio-frequency resistance of the
y
coil in series with a Cardwell condenser
y
varied from 3.85 ohms at 550 meters to
s
~18~9
9.6 ohms at 200 meters. These figures
are meaningless in direct relation to
almost all of the actually tested coils, as
--.Avtoformer
the introduction of a primary coil, or
— '/i"Primary »
the use of a portion of the secondary coil
— l'/t Primary
for coupling, have a decided effect on
•*
both the inductance and the high550
frequency resistance of the secondary.
250
Among the types tested were:
200
300
350
400 450 500
1. A tuned impedance, directly from
FIG. 3IN METERS
WAVELENGTH
plate and grid to ground. Fig. 2-A.
2. An auto transformer, in which a portion of the secondary is used as primary, the The numbers on the curves refer to the number of turns used
low potential ends being common. Fig. 2-D.
primaries of the coils that were tested

1928

OCTOBER,

+ 90

COUPLING

1928

+ 180
FIG. 4

a considerably improved selectivity factor. It
will be noted in Fig. 3 that a variation in the
number of turns results in a change of the point
where maximum amplification is secured, and
hence in a multistage cascade amplifier where
selectivity in one or two stages may be sacrificed,
comparatively uniform amplification can be
secured over the whole band by adjusting the
number of turns in the primary of each transformer.
Results obtained from type 2, illustrated in
Fig. 2-D, are of extreme interest. In this type
of coil a varying portion of the secondary acts
as primary, with the primary and secondary currents in this portion of the coil in quadrature.
The inductive coupling for the same number of
turns in the primary is much greater in this type
of coil, hence a comparatively high plate
circuit impedance is built up with a
relatively small number of turns, with
consequent greater overall amplification.
It will be noted in Fig. 3 that when
many turns are used as primary, the
amplification on the shorter wavelengths
is reduced, because the portion of the
coil in which the currents are in quadrature is appreciable and hence the voltage
at the grid of the following tube is lower.
This can be put to good use in a multistage amplifier to secure substantially
uniform amplification over the whole
spectrum. The selectivity of this arrangement compares very favorably with all
of the types tested, and is pronouncedly
superior to both the more or less commonly used
types directly compared.
In the selectivity curves shown in Fig. 6, a
selectivity factor of 50 is fair, 55 is good, and 60
is an extremely desirable value. At 350 meters
this selectivity figure can be obtained with the
autoformer circuit with an amplification figure
of merit of 5.7, whereas with the \" primary
corresponding selectivity is secured with an
amplification of only 3. 6, or about 65 per cent.
In this particular instance the superiority of the
autoformer type is very outstanding.
As shown in Fig. 2-D the autoformer circuit is
not very practical due to the high potential
(d.c.) of the tuning condenser. The circuit of
Fig. 4 retains the advantages of the coil construction while eliminating this drawback.
OSCILLATION CONTROL
UP TO this point no mention has been made
of oscillation. Depending upon the tube
used and the constants of the circuit, this was
frequently encountered, even with the screengrid tube, unless some means were taken to
prevent it. In this connection, it must be borne
in mind, in analyzing the results obtained, that
they only hold good in a circuit carefully adjusted in such a way that oscillations cannot
take place.
A review of various methods of stabilization
indicated that the best results were probably ob-
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tained by shifting the phase angle
of the currents in various stages,
by a method somewhat similar to
that illustrated in Figure 4. Here
in the plate circuit, we have one
branch consisting of resistance
only and another of capacity
and inductance in series, the
latter value depending upon where
the tap is placed on the tuning
coil.
By varying the resistance, it
is possible to change the angle
by which the current leads the
voltage in any one stage, and in this
way control the tendency towards
oscillation. Unfortunately, however, when resistances of the proper
value to give us adequate control of
the phase angle are employed, it
will be found that any variation of
the resistor varies the plate voltage applied to
the tube and may seriously affect the amplification obtainable. In order to avoid this, the circuit shown in Fig. 5 was finally adopted. The
r.f. choke, L2, having a comparatively low d.c.
resistance, was shunted around the resistance,
maintaining a maximum static value of plate
voltage at the tube, while offering a very high
impedance to radio-frequency currents. The
resistance, Ri, can now be varied without affecting the static value of the plate voltage and will
be found to serve very nicely as an oscillation

+ 180
FIG. 5

control; and if it can be reduced to a low
value, so as to effectively short circuit C2, it
can also be employed as a volume control for
the receiver.
In a circuit containing two stages of r.f.
amplification, it will rarely be found necessary
to employ more than one such resistance,
as sufficient adjustment can be obtained to
avoid oscillation while still maintaining a satisfactory value of overall amplification. Maximum
results, regardless of the type of tube used, can be
obtained by varying the proportion of Li which
is used in the plate circuit of the preceding tube.
Little trouble was experienced from inductive
coupling between coils, provided a distance of
at least 6" was between coil centers. Fig. 7 shows
the coupling between two secondaries of the
type used, having parallel axes.
Shielding always introduces certain losses in
the coil, and also complicates the mechanical
construction of the receiver. It will be seen from
the curve in Fig 7 that the necessity of shielding
is mitigated as far as inter-stage coupling effects
go, while the diameter of the coil is so small
that direct pick-up from local stations is reduced
to a minimum.
In the interest of compactness, a trial was
made of another method of mounting the coils
where three or more tuned circuits existed. The
coils were mounted comparatively close to each
other but in such positions that their fields were

PRIMARY TURNS
FIG. 6
opposed. It will be recalled that this "sacred
angle" construction was used in practically all
of the earlier neutrodynes. While placing the
inductances at such an angle that the magnetic
fields of several coils intermingle the least,
gives some relief against unwanted coupling
of this type, at the same time the coupling
due to the capacity then existing between
coils vitiates the most of the benefit theoretically secured.
When
the coils were placed sufficiently close
to secure any advantage from compactness,
capacity coupling was encountered to
such an extent as to destroy completely any possible advantage to be
gained from this method of mounting.
In addition, the length of grid leads
required was in excess of a passable
figure, and consequently the scheme was
abandoned.
The next portion of this article will
describe the construction of a receiver
using two stages of tuned radio-frequency
amplification with screen-grid tubes
employing
" Chronophase
" systemin
whose
finaltheevolution
is pictured
Fig. 5. The particular receiver in
question has fully justified the long
period of experimentation preceding
its actual construction and will be found
both in sensitivity and selectivity to be
superior to most receivers with one or two additional stages of radio-frequency amplification.
On a 25-foot antenna located on the shore of
Lake Michigan, in the heart of the most congested mass of broadcasting stations in the
world, it has been possible to cut through locals
and secure good loud speaker reception of stations athousand miles distant.
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is aThere
clearing
bouse
short radio
articles.
are many
interesting ideas germane to the science of radio
transmission and reception that can he made clear
in a concise exposition, and it is to these abbreviated notes that this department is dedicated. While
some of these contributions are from the pens of
professional writers and engineers, we particularly
solicit short manuscripts from the average reader
describing
the that
various
"kinks," radio
short from
cuts,
and economies
he necessarily
runs across
time to time. A glance over this "Our Readers Suggest" will indicate
materialdesirable
that is acceptable.
Photographs
are the
especially
and will be
paid for.licatMaterial
accepted
will
be paidconsideration
for on pubion atour usual rates with extra
for particularly meritorious ideas.
— The Editor.

Obtaining Screen-Grid Bias
OOR the most efficient operation of screen* grid receivers a positive bias on the screen
grid is required. Few power units designed prior
to the introduction of the 222 tube provide the
proper screen voltage. By means of a Duplex
Clarostat, connected as a potentiometer between
the negative and plus 90 volt posts on my power
supply set, 1 am able to secure the best biasing
potential. The circuit is simple and is shown in
Fig. 2. Both adjustment screws should be given
about two and a half turns up (from a tight
adjustment) and then the lower screw adjusted until signals are amplified most efficiently. The bias potential should be bypassed

to energize the primary. Take the tube in
hand, covering the glass as much as possible,
and touch any of the terminals to the
high tension lead from the coil, watching the
while for glow. No sign of ionization indicates
a hard tube — or one full of air. In this latter
case, of course, the filament would burn out
when connected across the usual battery circuit.
A pale greenish glow, close to the inside surface
of the glass, indicates about the right amount of
gas for a good detecting tube. If the glow is
purple, and is confined to a small area directly
around the plate and filament, the probability is
that there is too much gas for efficient detecting
action.
Alfred A. Ghirardi, Stapleton, N. Y.

+ 180V.
A Power Unit Voltage Divider
+ 135V

Matching Condensers and Coils ■
in Tandem Tuned Circuits

hed,
S department has publis
THIfrom
time to time, contributions
\ A/HILE the general procedure for
describing various home constructed
* ™ matching isolated coils and condensers isfairly well understood, I have
voltage divider systems and other devices
never read anything on the process infor the improvement of power units devolved in matching coils and condensers
signed prior to those incorporating more
already connected in a receiving circuit.
modern apparatus. Several of these
The following system will be of value to
arrangements have provided for C-bias
the experimenter who desires to match
potentials.
an r.f. tuning combination more closely
The circuit of a compact voltage
than can be done by the trial and error
divider unit, recently placed in the
method on a station.
market by Electrad, is shown in Fig. i.
The method employs an oscillator
The various resistors incorporated in the
-40 V. C -9V.C
unit are all variable, providing for any
with a meter in the plate circuit to indicate resonance. It is not essential to
desired seven positive and negative potentials within the limits of the power
know the wavelength to which the oscillaThe circuit arrangement of the Truvolt divider. This unit can be
tor is tuned, as long as it is within the
supply output.
used for the rejuvenation of old power supply sets as well as in
broadcast band. Fig. 3 shows a circuit
The "Truvolt" divider may be inthe
construction
of
modern
designs
that can be employed as an oscillator.
corporated in the output circuit of a
The number of turns of wire wound on a
new power unit or used to provide special
with a i.o-mfd. eondenser, indicated in dotted
potentials from a ready-built supply unit.
35" winding
form isisnotindicated
on the diagram.
The
size of wire
important.
Noisy reception can often be traced to dis- lines in Fig. 2.
The
additional
materials
are
about three feet
A.
R.
Coates,
New
York
City.
integrating resistors in the voltage distribution
system of a power supply device, a difficulty that
of rubber covered wire and a small clip facilitatis readily eliminated by substituting the Electrad
ing a temporary connection to the grid side of
Testing for Soft Tubes
divider unit for the original resistor system. The
the circuit being tuned. Cut the wire in half
old resistors should be removed and the divider
and twist two ends of it together for about one
IT IS the general custom to test for a "soft"
connected between the points of the highest
* tube by operating it under an excessive plate inch, making a small condenser. One of the two
potential, i.e., between the highest B voltage
potential. The blue haze, caused by ionization,
remaining ends is soldered to the clip and the
other to the grid terminal of the oscillating tube.
post and B negative or the highest C bias is an indication that the tube is soft. Unfortuterminal, if such is provided
nately, a test of this nature
on the power unit, Termioften changes the characterisnal i on the divider is
tics of the tube, occasionally
lessening the efficiency of what
connected to the high voltotherwise would be a good
age side of the line, and Terdetector.
minal 7to the low voltage side.
Each potential secured from
A perfectly safe test, more
the divider should be bypassed
compatible with the tenets of
with a i.o-mfd. condenser to
laboratory procedure, may be
effected with a small spark
the post used as B negative,
coil, such as that employed in
as suggested by the dotted lines
FIG. 3
the Ford, Model T, ignition
in Fig. i, which shows the terFIG. 2
minal arrangement for the
If one of the secondsimple way of obtaining the system.
terminals is not already
potentials generally required. Acorrect
positive bias for the wiredary to
the primary (as
However, the divider can be
grid on a screen-grid tube. is the case with the Ford
An easily constructed oscillator for use in matching
connected to the receiver in screen
This bias varies with circuit,
circuits in single control receivers, and other purcoil),
make
this
connection,
tube
and
available
control
grid
many ways to secure practiposes. Any one of the several oscillators previously
bias
described in Radio Broadcast may be used
cally any voltage distribution.
using a couple of dry cells
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The procedure is as follows: Have the condenser sections of the combination to be matched
half way out. (If the condensers are to be
matched with the aid of trimmers, the trimmers
also should be at half maximum capacity.)
Start the oscillator and snap the clip to the grid
side of one of the condensers. Tune the oscillator
to resonance, which will be indicated by a
maximum dip on the meter. If the dip is too
broad, reduce the capacity of the twisted rubbercovered wire — by cutting down the overlap —
until a sharp dip is obtained.
Snap the clip on the next condenser, and adjust
this to resonance (without touching the oscillator
adjustment) either by use of the trimmer, or by
tapping the plates into place. At maximum deflection the two stages are in resonance with
each other. The procedure is the same for additional circuits.
John Benedict, Maspeth, L. I.
An Amplifier Kink
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"OUR READERS SUGGEST—"
ohm resistor (a Pilot Resistograd)
adds the low notes to taste.
H. D. Hatch, Wollaston, Mass.
STAFF COMMENT
UR. HATCH'S idea should
prove most effective in eliminating the "boom" experienced
with many cone and airplane cloth
speakers.
A. C. Tube to Reduce
Microphonics
+180 v.
FIG. 5
\A ANY battery-operated receivers. the operation of which
is characterized by excessive microphonic disturbances, can be improved by the substitution of a
Rearranging an old amplifier in accord with this circuit will
give fine quality even with poor amplifying transformers
ux-227 a.c. tube in the detector
6-voIt
socket with the proper filament reSTAFF COMMENT
sistor
to
permit
its
operation
from
a
battery.

Previous to making the suggested change,
L_J AVING an occasion to revamp an old set for
* *■ a friend of mine, I used the audio-freenjoyable reception from the writer's batteryquency arrangement shown in Fig. 5. The
operated set was practically impossible. Footsteps in the room, or the passage of a truck in
Thordarson 3§:i transformers, originally supthe street, was sufficient
plied with the set, were
merely rewired to cont0 set UP phonicsringing
.100,000 ^
form with the diagram.
in the microloud
The tone quality was
To loud
speaker.
considerably imp roved,
-HI—
Appreciating the fact
Speaker
particularly on the lower
that the rigidity of cathregister. I effected still
ode structure in a.c. deI
further improvement by
tector tubes tends to rethe use of 1 12A tubes in
duce the vibratory motion
S
the detector and first
responsible for microaudio sockets.
phonics,replaced
1
the ux
1
Edwin M. Wright,
socket in my receiver
FIG.
4
Phila., Pa.
with a 5-prong socket,
wiring a 6-ohm rheostat
STAFF COMMENT
A simple equalising arrangement that con- in series with the filament
trols the reproduction of low notes. This circuit. The cathode is
HpHE arrangement sugconnected to the positive
device will eliminate the "boom" in many
•* gested by Mr. Wright
modem speaker-amplifier combinations
filament terminal on the
emphasizes the low
notes. Reproduction of
socket — that is, "C" and
the higher notes can be enhanced by the substiplus "F" are strapped together. A ux-227 tube
can now be used as a detector. If the time lag —
tution of a 30-henry choke for the 50,000-ohm
resistor in the plate circuit of the first audio
30 to 40 seconds — is objectionable, an Arcturus
tube.
type 127 tube can be used instead. This latter
tube "comes up" in about seven seconds.
Dynamic Speaker Field Supplied
STAFF COMMENT
from B-Power Unit
HTHE Editor of this department has done con■*■ siderable experimenting with the use of
IT IS possible to excite the windings of several
heater type tubes in airplane receivers, where
* of the d.c. type of dynamic loud speakers from
the plate current to a receiver operated from a they are very effective in the reduction of
microphonics.
line power supply source. It is merely necessary
If the reader does not care to change the socket
to connect the excitation windings of the loud
in his receiver, an Arcturus type 171 tube can
speaker between the choke coil nearest the outbe plugged into the detector socket, without
put of the socket power unit and the maximum
voltage post. The connection is broken and the making any changes in the receiver at all. No
additional rheostat is required for this 5-volt tube.
circuit recompleted through the windings, care
being observed to connect the positive loudspeaker post to the choke coil. The current drain
An Antenna Booster For Loop
to the receiver should be in the neighborhood of
100 milliamperes. This, however, is generally
I HAVE a loop-operated set which is badly
the case where a dynamic speaker is justified.
' shielded by surrounding walls. To correct
this I am using an outside antenna inductively
A. V. Svendsen, New Zealand.
coupled to the loop by means of a coil. The coil
is placed inside the loop and connected to the
A Simple Audio Channel Equalizer
outside antenna and to the ground.
I HAVE found several sets in which the comI am using a 3" coil with 50 turns of No.
1 bination of a good audio channel and a good 20 wire. I find that by tapping this coil in four
speaker gives an overemphasis to the low notes.
places, that is, every ten turns, the reception is
I find that the addition to the usual choke out- greatly improved over the entire range of waveput device suggested diagrammatically in Fig.
lengths. That is, on short waves the 10-turn tap
4, is most effective in controlling the amount of is just right while on long waves 40 turns or 50
turns is about right, with proportionate taps
low-frequency reproduction.
The 0.006-mfd. condenser bypasses the high in between.
William D. Esch, Cherryvale, Kans
frequencies anyway, and varying the 100,000-

AN ARRANGEMENT practically identical
with Mr. Esch's suggestion was described
in this department for December, 1927, and
January, 1928. A commercial coupling coil for
this purpose is made by the Jenkins Radio Company of Davenport, Iowa.
An Output Filter Without
a Condenser
AVERY effective output device for use with
the average receiver may be made with the
use of a choke only (the condenser being omitted)
providing the characteristics of power tube and
speaker are known so that the proper choke may
be employed.
In a receiver constructed by the writer, a
171 type tube was used in conjunction with an
R. C. A. 100 speaker, which is comparable in
characteristics to most cone reproducers. A
condenser of sufficient capacity not being available, the speaker was connected in parallel with
a 25-henry choke as shown in Fig. 6-A. The equivalent circuit, based on a frequency of 100 cycles,
is shown in Fig. 6-B. At this frequency the impedances are, approximately: tube — 2000 ohms,
choke
— 15,700
ohms,of the
and choke
speaker
The d.c.
resistance
is —6002000
ohmsohms.
and
that of the speaker is 1800 ohms.
It will readily be seen that the speaker, being
of rela ively low impedance, will take about 90
per cent, of the a.c. current, but due to its high
resistance, compared to that of the choke, will
allow but one third of the d.c. current to pass.
This will be in the neighborhood of 6 milliamperes, which is not objectionable. The resistance of the plate circuit is considerably lower
than that of the actual output device, and
hence the voltage drop will be smaller.
The quality of reproduction, using this combination, was found to be excellent.
Glenn R. Taft, Ticonderoga, N. Y.

FIG. 6
An output device using a choke coil without the
conventional condenser. The wiring circuit is shown
at A, and at B is the equivalent schematic circuit

The Receiver Combines Simplicity and Beauty

The

"Vivetone
By

THE

receiver which Mr. Goodwin describes in this article is a t.r.f. set which
performed in the Laboratory in a fashion to
indicate that its designer is not prone to
exaggeration. There are several novel features;
one is an automatic regeneration control,
consisting of a resistor which changes its value
as the set is tuned, thus adjusting the C bias
on the r.f. tubes and keeping them from
oscillating at any dial setting. Another is an
a.c. voltmeter which is mounted on the panel
so that the operator can tell at all times
the voltages across his tubes. If the constructor
builds one of the amplifier-power supply
units the author has developed, he will have in
il a regulating device which will enable him
to keep this voltage at its proper value regardless ofline voltage fluctuations.
— The Editor.

29n

Receiver

R. F. GOODWIN

and that the sensitivity is such that distant stations can be picked up with a great deal of ease.
DESIGN FEATURES

THE fact that the set contains three stages of
r. f. amplification, each separately shielded
and constructed of the best "low loss" apparatus now on the market, may account to the
technical
for theinput,
set's which
gain. With
the addition of thereader
detector
is tuned,
the
receiver has four tuned circuits, each working
with a minimum of regeneration so that the
order of selectivity is rather high.
There are two novel features, one of which
has not been seen heretofore so far as the writer
is aware, and the other — an a. c. voltmeter on
the panel — is omitted from the vast majority of
otherwise well designed sets. The novel feature
which impresses the writer most is a simple but
effective method of automatically controlling
the regeneration in the r. f. stages. This is done
by automatically varying the bias of the grids of
the r. f. tubes as the set is tuned to various
SENSITIVITY, selectivity, quality of reproduction, beauty in appearance, and sim- frequencies.
It is well known that all t.r.f. receivers tend to
plicity of operation — these are the five
paramount requisites of a modern receiver. oscillate badly on the high frequencies (shorter
Every discriminating radio constructor or wavelengths) and that many such receivers
have included in their mechanism a resistor
enthusiast must consider each of these features
separately and in connection with each other which changes the plate voltage, or C bias, of
when he decides what receiver to build, buy, the r. f. tubes so that actual oscillation does not
or operate. Some of these features are often take place. Such devices are always manually
secured at a sacrifice of others; as in other phases operated, so that at each setting of the tuning
condensers it becomes necessary to adjust the
of life one cannot get something for nothing.
The "Vivetone 29" is a receiver in which the regeneration control — often labelled a volume
effort has been made to incorporate all these control — to the point of best operation.
In this receiver all such adjustments are made
features to as high a degree as possible without
automatically by attaching a 2000-ohm variable
too great a compromise. In other words, it embodies a circuit that has considerable radio- resistance, PP-2000 in Fig. 2 and 3, to the shaft
frequency gain, that is simple to operate — there of the tuning condensers. It is so adjusted that
are only two controls — and yet is sufficiently as the tuning condensers are varied the bias is
reduced at the lower frequencies and increased
selective to cope with modern broadcasting conditions. More will be said about the sensitivity at the higher frequencies. This has the same
effect as changing the plate voltages to these
and selectivity later when the writer describes
his own success with the receiver in a location
tubes, but in the writer's experience is a neater
which is none too good for dx reception. It is method of accomplishing the same result, i. e.,
enough to state now that the selectivity is the maintenance of greater stability as a whole.
in addition to the automatically changing
sufficient to enable one to tune through many
local stations with a minimum of interference.
resistance, another resistance is shunted across

the bias adjuster for fine adjustments. This
resistance, PP-5000, is located on the panel so
that manual regulation may be had when desired. It must be understood that it is not
necessary to change the setting of this resistance
at all for ordinary operation, but when one is
dx hunting he often needs just that small additional panel
control which
'em in."which, after
On the
is an "brings
a.c. voltmeter
the receiver has been placed in operation, is
permanently connected across the heater element of the detector tube. It shows the voltage
across that tube at all times, and since this tube
in common with all the others is fed from a
filament
meter's
indication tellssupply
what transformer
the general the
voltage
conditions
are. The writer has developed a series of power
units for this receiver in which are incorporated
voltage regulating devices. It is a simple matter,
then, to keep the voltages across the filaments
and heaters of the tubes at the proper value at
all times.
If the receiver is operated with another power
device in which there is no provision for voltage
adjustments, the operator may obtain such
regulation by placing a power resistor in series
with his power transformer primary.
AUDIO AND POWER UNITS
THE
"Vivetonean 29"
receiver
proper since
does not
incorporate
audio
amplifier,
the
writer does not believe that an audio amplifier
should be built in the same cabinet with the r.f.
portion if the size of the set is to be kept within
attractive proportions. Keeping it separate from
the tuning elements of the receiver not only
gives the builder a choice of audio equipment,
but also permits him to have more room for the
disposition of his r.f. apparatus. Space in this
part of the receiver is most important when one
is interested in sensitivity and selectivity.
The writer has developed two power amplifier
units that can be constructed for the "Vivetone
29." One of these uses a cx-310 tube in the last
stage with a Thordarson 210 power pack. This
unit will be described in a later issue. Each of
these units incorporates a complete audio amplifier and A-B-C-power supply. The home con->
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"VIVETONE 29" RECEIVER
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-BACK VIEW
OF CHASSIS FIG.
structor or custom set builder may choose the
power supply unit that suits his pocketbook, or
may pick out the one which gives the greatest
amount of output power at audio frequencies.
The quality of reproduction that is obtainable
from the receiver with either of these units or
with any good amplifier and power equipment is
comparable with the best receivers on the market to-day.
The tuning equipment illustrated and described here can be used, of course, with any
amplifier. The output of the detector may easily
be placed on an amplifier of any number of
stages or of any type of coupling devices. With
the advent of the newer power tubes, the constructor isadvised to go in for the best he can
afford, since a receiver made of the best apparatus now purchaseable should be able to
stand up in comparison with the receivers to be
designed and built for several years to come. In
other words the best possible receiver and power
equipment is, in the long run, the most economical. Unlike the automobile, it does not depreciate at a very rapid rate.
The receiver is batteryless. It is entirely electrified
with either of the power
units the writer has built
or with any power apparatus which operates from
a light socket. This is accomplished by the use of
326 and 327 a.c. tubes.
CONSTRUCTION
pROBABLY the most
' novel part of the receiver so far as the home
constructor is concerned, is
that all the parts in it are
standard and can be purchased at most dependable
radio dealers.
The sub-base and box
shields are standard products of the Aluminum
Company of America

I. THE

LAYOUT OF THE CHASSIS

and most of the holes required for mounting the
parts to this sub-base have been punched in
during the manufacturing process. The few additional small holes required can easily be made
with the aid of a small hand drill which is most
generally
the radio
tool
kit. Fig. 1part
showsof exactly
wheretechnician's
to drill these
holes.
The construction of the receiver is simplicity
itself, and is clearly shown in the schematic and
picture wiring diagrams in Figs. 2, 3 and 4 and
the panel layout in 1 ig. 1. Resistor PP-2000,
whose variable arm is attached to the gang condenser shaft, is mounted on a brass bracket
2Each
Jg" of
hightheandr. ff." wide
the chassis.
coils, screwed
9072, istomounted
by
means of two round head machine screws 1 "
long, being thus raised above the chassis. Fullsized drawings and additional constructional
notes on the receiver and power unit number
one and number two may be obtained from the
writer. To cover the cost and postage they are
priced at $1 .00.

FIG. 2. THE

SCHEMATIC DIAGRAM

It will be noted that the circuit diagram calls
for grid suppressors of 400, 500, and 600 ohms for
the three
•| radio-frequency amplifiers. Decreasing
the -values of these resistances increases the
amplification. For example, a good combination
would be 300 ohms in the first stage, 400 in the
second, and 500 ohms in the third. They may,
however, be decreased to as low as 200, 300 and
300 for the three stages respectively. This, of
course, is to be determined only by the one who
is constructing the receiver, since some like to
tune in stations without experiencing regeneration, while others like the "swish" of a slightly
regerferative set as they go through a carrier
signal.

THE CABINET

THE writer's receiver is housed in a Corbett
cabinet 7" x 26" x 10" deep. The cabinet
had to be prepared for its reception by cutting
out holes for the cable plug and the antenna and
ground connections. To have the chassis of the
receiver fit snugly in the cabinet it was necessary toofremove
a small
portion
the wood
at both
the front and back corners.
These cabinets, however,
may be secured from the
Corbett people with such
alterations already made.
If the constructor is careful his efforts will be rewarded with a magnificent
receiver. The set can be
placed on a table or in one
of the special cabinets
which houses the power
bottom. apparatus in the
supply
A model of this receiver
has been in operation at the
writer's laboratory for several months and its perB1-4 v
formance has given
considerable
satisfaction.
laboratory is located
Indicates connection The
not over a half mile from
to metal base
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FIG. 3. INSTRUMENTS AND WIRING ABOVE THE CHASSIS
With the rotor plates of the condensers fully meshed, the position of the variable arm of resistor PP-2000,
when viewed from the left end of the chassis in this diagram, should he two thirds of the way up towards the
vertical on the left hand side. The coded holes in the chassis correspond to the numbers in Fig. 4.
three New Jersey stations, wor. waat, and
wkbo. In this location we are able to tune
webh and wmbb in Chicago, kdka, and several other stations within a radius of 1000
miles. On several occasions, shortly after midnight, we have listened to programs broadcast by kfi and khj, Los Angeles, on a loud
speaker. The Chicago stations were often mistaken for local broadcasters.
All in all, the "Vivetone 29" is a receiver
which is not difficult to build or operate, and
which is sufficiently selective to cope with the
present broadcasting situation and, with sufficient sensitivity to amplify weak signals up to
the point where they can be enjoyed.
LIST OF PARTS
A S NOTED above, all the parts used in this
receiver are of standard design, and may be
replaced by equivalent parts of manufacturers
FLEXIBLE. TWISTED BRAIDITE;
TWO WIRES TOR EACH LEAD

other than those mentioned below. The type
numbers of the parts listed below correspond
with the lettering on the diagrams.
4 Hammarlund
variable condensers, 0.00035
mfd., type ML-00035
1 Dubilier condenser, 1.0 mfd., No. 907
1 Dubilier moulded micadon condenser, 0.00025
mfd.
1 Hammarlund illuminated drum dial
1 Pair Yaxley phone tip jacks
015
1 Centralab
potentiometer, 5000 ohms, type
PP-5000
1 Centralab
potentiometer, 2000 ohms, type PP2000
1 Centralab potentiometer, 15 ohms, type PP1 Centralab switch-type Radiohm, 200,000
ohms, grid
typestabilizers,
RS-200 400, 500 and 600 ohms.
3 Daven
respectively
1 Dubilier Metaleak, with mount, 4 megohms
4 Aluminum Junior box shields

4
1
1
11
3
1
i
11
1

Benjamin Lekeless Transformers, No. 9072
Hammarlund coupling connector
Jewell voltmeter, 0-3 volts a.c, No. 190
Aluminum
shielded
"Vivetone
Yaxley 12-wire
cable chassis,
connector
and plug,29"No.
612
Benjamin 4-prong sockets, No. 9040
Benjamin 5-prong socket, No. 9036
Micarta front panel, 7" x 26"
Corbett
roll solid cabinet,
Braidite 7"wirex 26" x 10" deep
roll flexible Braidite wire

tube
31 CX-327
CX-326 tubes
To make the set operative either of the Vivetone A-B-C-power-pack amplifier units, or the
following accessories, are necessary:
Audio amplifier of good design
Filament transformer to supply if, 25 and 5
volts a.c.
Source of B power (90 and 45 volts)
C battery (— 45 volts)

CABLE COLOR CODE
N8.I-RED \
N9.2-BLACK / (V,V.
N2.3- BLACK.
RED. WITH
AC. N2.4WITHGREEN
GREENTRACER
TRACER J"1 2'/zV
A.C.
NS.5- RED. WITH YELLOW TRACER \ . v . r
N«.
6BLACK
WITH
YELLOW
TRACER
J
»»■
A.C.
N9.T- YELLOW.
BN9 8-10- BLUE.
N9.9SLATE, B+90V
N9.
GREEN,B+4V.
INPUT.

GND
BLACK
422 -

RED
422

rr-n

ANT.

TWISTED BRAIDITE; TWO WIRES FOR EACH LEAD.
21

(HI

THESE
COINCIDE
WITH BASE,
THOSE NUMBERS
ON TOP SIDE
OF METAL
AND MEAN THAT WIRES GO THROUGH
HOLES IN METAL BASE.
UNDER-SIDE VIEW
OF METAL SUB- BASE

FIG. 4. THE UNDER SIDE OF THE CHASSIS
The potentiometer, PP-015, is insulated from the chassis, and its shaft should not touch the aluminum. Care
should also he taken in mounting the cable plug receptacle that its position is such that none of the pins will
touch the aluminum chassis.
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Radio Broadcast's Service Data Sheets on Manufactured Receivers
The
a seven-tube reIS
employing three
T■Hceiver
stages
of tuned radiofrequency amplification, a
detector
and a two-stage
trans former-coupled
alu d i o
amplifier, the second stage of
which
is
push-pull.
Type
226
tubes are used in the r.f. and
first a.f. stages, a type 227
tube in the detector stage and
two 171A type tubes in the
push-pull
and B-power
a type
280
rectifierstage,
in the
unit. Thedensers are four
tuning
conganged to a single
panel
control
—
an
illuminated
drum dial. The additional
controls on the front panel are
a volume control and a " clarifier," which
is actually
aname.
varipretty circuit
It tunesometerthewith aantenna
to resonance. The volume
control is a high-resistance
potentiometer
Ri.
This receiver
designed a.c.
for
operation
on is60-cycle
lighting circuits at voltages
from 100 to 130 volts, a
tapped transformer primary serving to adjust the
receiver for correct operation on any voltage between these two limits. A plug is used to connect
to that particular tap on the transformer which gives
best results. Moving the plug to the right (to the
"115"tubes.
or "125"
on
the
It will, socket)
therefore,decreases
prolong thethe voltage
life of the
radio tubes to operate the receiver with the switch
plug in a position as far to the right as is consistent
with satisfactory reception. For example, if the
maximum line voltage measured is 115 volts, try
the switch plug not only in the "115" socket, but
also
the "125"
well. Ifadvantage
the latter togives
good inresults
it willsocket
be of asdecided
use
this position, as it will increase the useful life of the
tubes and reduce to a minimum the danger of burning out tubes. Do not, therefore, move the switch
plug to the left in an effort to secure louder reception.
Model 28 is housed in a table mounting cabinet
Models 28A and 28B are console types. All models
have self-contained power units.
TECHNICAL DISCUSSION
1. Operation.
The receiver is operated by three controls. The
main tuning control serves to turn all the tuning
condensers and tune in any desired station. The
control is graduated into 100 divisions and after a
station has been recorded, it can always be picked
up at the same reading of the dial. Changes in the
length of the antenna will not affect the station
logging. The Clarifier is actually a variometer across

Bosch

Model

28

Receiver
4.This
Volume
Control.
control
consists of a
high resistance potentiometer,
Ri,
connected
to the
first r.f.across
tube.theIninput
this
position
it
functions
to .regulate the signal energy entering
the r.f. amplifier and therefore
prevents tube overloading.
5. Filament Circuits.
The filament leads to the
various tubes are twisted
pairs of thewires
connecting the
betransformer
various tweentube
sockets. Theand type
226 r.f. tube filaments are
supplied with approximately
1.4 volts,
the 2272.4type
tor with about
volts,detecthe
first a.f.
tube — and
a type
226 —
with
1.4 volts,
the power
tubes with 5 volts. Resistances, R2, across
R3,and various
Ri, are confilamentnected
circuits forthehum
balance.

CABINET MODEL 28
the antenna and ground and is an auxiliary tuning
device which brings this circuit of the receiver to the
point of exact resonance. After tuning in a station
with the main dial, the Clarifier should be adjusted
to the point of maximum volume. The volume
control adjusts the volume to any desired level.
2. Tuning System.
The r.f. amplifier consists essentially of three
stages of tuned and neutralized amplification, with
a variometer across the input circuit to permit the
accurate tuning of this circuit to resonance. The
circuits are all matched at the factory by means of
the small condensers, Ci and C2, connected across
the second and third tuning condensers. The sensitivity and selectivity of the set is improved discircuit. tinctly by the use of the variometer in the input
3. Detector and Audio System.
Grid leak and condenser detection is used and a
type 227 tube is used as the detector. The audio
stages are transformer coupled, the second stage
being
push-pull.
The push-pull
amplifierrequired
with 171A
type tubes
can deliver
all the volume
for
home use, without any distortion due to overloading. The detector is supplied with 40-50 volts, the
first a.f. amplifier with about 100 volts plate poand a C 150biasvolts
of 7 and
volts.a The
push-pull
tube ;
receive tential
about
C bias
of 35 volts.
The push-pull
tubes
feed
into
the
output
transformer, Ti, the loud speaker being connected to its
secondary terminals.

6. Plate Circuits.
The plates of the r.f.
tubes in this receiver are supplied with approximately 100 volts and the grids
with 7 volts. The detector is supplied with the same
voltage as the r.f. tube, but this voltage is reduced
to about 50 by the resistance, R5, in series with the
plate circuit. The first a.f. tube has 100 volts on the
plate and
7 volts
on the
The bias
poweris about
tube receives about
130 volts
and grid.
the grid
35
volts. The filament circuits of the r.f. tubes are byp
a
s
e
d
t
o
ground
by
O
and
O,
each
with
a
value
of 0.5 mfd. The plate circuits are bypassed by the
1.0-mfd. condenser, C6; the detector bypass conC, also has voltage
a capacity
of 1.0 mfd. Re reducesdethenser,maximum
to 100.
7. Grid Circuits.
Grid biases for the various tubes are obtained by
connecting resistors between the center tap of the
filament circuits and B minus, which corresponds to
ground. Seven volts for the r.f. and first a.f. tubes
is supplied by R? and 35 volts approximately for
the grid of the power tube is obtained from Rs.
There is zero bias on the grid of the detector.
8. Power Supply.
The transformer, T2, in the power supply unit
supplies low voltage to the filaments of all the tubes
and the dial light and also high voltage to the rectisystem, which
a typefilter280is used
tube consisting
in a fullwave fiersystem.
A singleusessection
of Co L and C7. The maximum output voltage from
the filter is supplied to the output audio stage. The
primary
of the power
pe'rmit the operation
of thetransformer
receiver on islinetapped
voltageto from
100 to 130 volts.
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THIS sheet is devoted to a discussion of
receiver
supplied winding
by the power
transformer, T3. isSecondary
Si supplies
1.5
a six-tube,
volts to the 226 type tubes, secondary S2
electric
receiver. completely
It employs self-contained
a.c. tubes, is
single controlled and consists of three stages
suppliestector2.5tube volts
for
the
heater
of
the
deand secondary S3 supplies 5.0
of r.f., a detector and two stages of transvolts for the power tube. S3 also supplies
former-coupled audio amplification. It is
current
for
the
dial light. All the filament
designed
operation
110-volt,
60circuit leads are twisted to prevent hum,
cycle
lightforsocket.
Type from
226 atubes
are used
and
30-ohm
potentiometers,
R6 and R7,Si
in the r.f. amplifier and in the first a.f . stage.
are connected across the secondaries,
The detector is a type 227 tube and the
and S2, to make it possible to obtain a
output tube is a type 171A. The antenna
very accurate hum balance.
circuit is arranged with several taps to
adapt the operation of the set to short,
5. Plate Circuits.
medium and long antennas.
The output tube, V6, of the audio amTECHNICAL DISCUSSION
plifier issupplied with the maximum voltage
from
the tubes
power supply
180 volts.
All
the r.f.
the unit
first— a.f.
re1. Tuning System.
ceive 10
1 volts and
and the
detector
is tube
supplied
The tuning system comprises four r.f.
with 45 volts The plate circuits of the r.f.
transformers
and
tuning
condensers
consisting of Li and Ci, L3 and Ci, L5 and O,
tubes are bypassed in the set with condenser C2, whose capacity is 0.5 mfd. The
and L;tains aland
A single-gang
condetector plate supply bypass condenser is
four Ci.tuning
condensers,assembly
each section
Cs, located in the power unit. Its value is
of which has a capacity of 0.00035 mfds. The
antenna is connected to Ai, Aa, or As, de1.0 mfd.
pending upon whether it is short, or medium
6. Grid Circuits.
length, or long. The small variable inductor
The output tube of the set has a bias on
forming
Li is in the
circuit
that
the effectpart
of theof antenna
on the
firstsotuned
the grid of 40 volts, supplied by sections of
circuit may be compensated and this circuit
the
resistor,
Rs, inresistor,
the power
bypass across this
C10, unit.
has The
a value
A NEW SPLITDORF MODEL
brought into exact resonance at all waveof 1.0 mfd. Section d of the resistor supplies
lengths.
This
beautifully
housed
receiver
is
the
new
Splildorf
Abbey
Senior.
bias for the first a.f. and all the r.f. tubes.
This receiver is not neutralized but is
It incorporates
many innewthisfeatures
foundsix intubes,
the one
olderof SplitThis bias voltage is 7.5 volts and the bias
stabilized
grid ofresistors,
R2, and
Ri,
dorf
circuit described
Sheet. Itnotuses
them
each with abyvalue
600 ohms.Ri,This
method
resistor denisser, C9. The
bypassed
by the would
2.0-mfd.be very
cona 250 type, and is equipped with a phorwgraph jack and a novel
tone quality
of oscillation control is used in many re" sensitivity-selectivity" switch.
poor, due to loss of the low frequencies,
ceivers and is quite effective.
if these bypass condensers, Cs and C10,
were not included in the circuit across
2. Detector and Audio System
3. Volume Control.
The grid-leak-condenser type detector employed
the C bias resistances.
in this receiver uses a 0.00025-mfd. grid condenser,
A 500,000-ohm variable resistance, Ri, is con7. The Power Supply.
C3, in conjunction with a 2-megohm grid leak, R5.
nectedandacrossfunctions
the inputas tothethevolume
detectorcontrol.
in thisThe
receiver
The detector is a type 227 tube and its output is fed
The A-B-C supply for this receiver consists of the
input circuit of a grid leak and condenser type
power transformer, T3, the rectifier, V;, which is
into fier.
a two-stage
transformer-coupled
audio
ampliThe output of the detector circuit is bypassed
a type 280 tube, the filter system and the voltage
detector is generally quite low and as a result the
by Ci with a capacity of 0.0001 mfd. The first stage
tuned circuit preceding it has poor selectivity. It
dividing resistor, Rs. This resistor has a total
audio transformer, Ti, has connected across its
value of 13,200 ohms divided as follows: section a,
is therefore a good idea to place the volume control
2500 ohms; section b, 5400 ohms; section c, 4500
secondary a small fixed condenser, Cs, of 0.00025
at this point, for at this point in the circuit it cannot
ohms;
section d, 150 ohms; section e, 650 ohms.
affect
the
selectivity
of
the
receiver
to
any
marked
mfd.,fier probably
to preventThesinging
ampliThe filter circuit consists of the filter choke coil,
at high frequencies.
outputin the
of Tia.f.supplies
degree. Since the control is ahead of the detector it
Xi,
and
the two filter condensers, C6, with a value
signal voltage to the grid of V5, a 226 type a.c. tube.
is possibleloading ofthe
to regulate
of 4.0 mfd., and C7 with a value of 6.0 mfd. The
The loud speaker is isolated from the plate circuit
detector the
tube.volume to prevent overprimary
of
the transformer is fused at F and the
of the power tube by a choke-condenser combientire receiver is turned on and off by the switch,
4. Filament Circuits.
nation consisting of choke coil X2 and condenser
Sw.
Filament current for the various tubes in the
Cn; this condenser has a capacity of 1.0 mfd.

RECEIVER AND POWER SUPPLY CIRCUIT

Practical
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5-Meter

ROBERT

Hints

S. KRUSE

HIS short
article Mr.
contains
somedidoperating
data which
Kruse
not "\
cover in his article on 5-meter transmission and reception in the September issue
of
Radio Broadcast.
Several
transmission
effects on the
5-meter"freak"
hand
are also explained. — The Editor.

JT

If one is near the road another effect will be
lable. One is comobserved:
each passing car detunes the received
lled to use elec- signal a trifle.
This statement is made general,
trolytic rectification,
though we must admit lack of evidence against
or
else
a
too-laige
THE 5-METER WAVEMETER
ihe Rolls Royce, which did not come along that
kenotron, mercury
road. It was possible to tune the station out,
arc or d.c. generator.
and then bring it back by interposing a suitable
A new gas tube may be available soon.
IN THE preceding stories the very attractive
When the set is taken into the field one must
automobile. "Suitable" means any type of
possibilities of the 5-meter band have been
discussed. There will be added here a few
of course have some sort of automatic key at about the right size and body structure; a Buick
and a Nash are interchangeable for the purpose,
time-saving hints.
the station to keep making signals. A suitable
whereas a Franklin and a Stutz are not! The gist
Very early it became evident that the average
one is shown herewith. It consists of the motor
experimenter did not make a satisfactory job of a 16" electric fan, a standard Boston Gear of the difference lies in the difference between
of building and calibrating a 5-meter wavemeter.
Works worm gear and a cam in the edge of the wood-and-aluminum body of the " Benjamin" as compared with the fabric-covered
At the writer's suggestion the General Radio which are milled code letters as desired. A bakelite cam worked out with a file
Co. developed the very rugged little meter
shown on this page, which remains the only is just as good. The edge of
the cam bears on a brass strip
one on the market, although the band-covering
screwed under the knob of an
ordinary telegraph key which
controls the transmitter. Parenthetical y, itis best to key the
set by the method shown in Fig2 — for reasons good but lengthy.
Having the key going one gets
into the field with the receiver and
is then uncertain whether things
are proceeding
well. The effects
appear-is
ance of the following
normal and reassuring.
DISTANCE.MULS
AUTOMOTIVE EFFECTS
DEFORE one is long afield the
FIG. I. "WEST PEAKS"
automobile injects itself into
OSCILLATOR
meter of the same firm also has a 5-meter coil. the picture. Its ignition noises are
OSCILLATOR AMPLIFIER
The meter here shown is most convenient when
rather troublesome, although this
FIG. 2. THE KEYING DIAGRAM
mounted on a short wooden or bakelite panel, is lessening as the Model T Fords
although the hand-capacity effects are small
and their spark coils diminish in
body, and the only possible value of the
because of a good C/L proportion.
number. After a little practice one can distin- Stutz
stunt
is to suggest the importance of small
In the previous articles the plate and filament
guish the type of motor and its condition to a
absorption effects at 5 meters.
supply were not mentioned. It is best to use considerable degree by listening with a 5-meter
alternating filament supply, but one should not receiver as a car passes. Cars with monthly serWEST S PEAKS
use the center-tap of a transformer secondary.
vice programs have vastly the best average
It is far more satisfactory to use a double 100- performance as re ards the steadiness of their TTO C. H. West of 2csm we are indebted for
ohm resistor or a 200-ohm potentiometer. 1 he 5-meter signals.
1 first calling attention to the curious effect
latter has the advantage of permitting one to
shown in Figure 1. He noticed that in driving
find exactly the right point. Either method permits one to use any toy transformer or even a
along a road there appeared to be "humps" in
ihe signals at 12-foot intervals when one was
bell-ringing transformer.
some 3 or J mile from the station. Subsequent
The plate supply may be raw a.c. as a. starter,
observations produced the same effect
as was suggested, but had better be
at various stations, the spacing between
rectified. The filter should not have a
condenser next to the rectifier tube. First
H
peaks remaining reasonably constant,
(pi
though sometimes the peaks are entirely
should come a choke of 1-5 henrys inducabsent at a particular station. The
tance, then a 2.0-mfd. condenser, then a
same
thing has since been observed at
choke of 10-100 henrys and finally anf-meter wavelength with all the dimensions of
other condenser, as large as convenient,
the picture about one seventh as large. It
shunted by a resistance of 25,000-100,000
looks like an interference pattern, but in most
THE
ohms. The reasons for this type of filter are
cases appears to be stationary and of much the
good but toe lengthy to mention here.
AUTOMATIC
same proportions regardless of the things alongAlthough the ux-852 tube is excellent for the
side the road at that place.
KEY
5-meter band, no proper rectifier for it is
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New

PRODUCTS of radio manufacturers whether
new or old are always interesting to our
readers. These pages, a feature of Radio Broadcast, explain and illustrate products which have
been selected for publication because of their special
interest to our readers. This information is prepared bythe Technical Staff and is in a form which
we believe will be most useful. We have, wherever
possible, suggested special uses for the device mentioned. Itis of course not possible to include all
the information about each device which is available. Each description bears a serial number
and if you desire additional information direct
from the manufactuter concerned, please address a
letter to the Service Department, Radio Broadcast, Garden City, New York, referring to the
serial numbers of the devices which interest you,
and we shall see that your request is promptly
handled. — The Editor.

Apparatus

28 26 24 22 20 DIAL
18 16DIVISIONS
14 12 10
FIG. I

obtained in sizes ranging from 2000 to 10,000
ohms. The curves of such resistances are given
in Fig. 1. The solid curve indicates that of an
ordinary resistance in which the variation in the
resistance is directly proportional to the dial setShielded Wire Prevents Stray
ting. The dot-dash curve is that of the new type
resistance. It will be seen that the resistance does
Coupling
not vary directly with the dial setting but varies
X6o
slowly at first and then more rapidly, which
results in smoother volume control.
Device: Shielded Hook-up Wire. This hook-up
wire is a rubber-covered No. 18 with an additional
The catalog numbers and prices of these new
braid of metal over the rubber insulation. When
type resistances are given below.
this metal braid is grounded it forms an effective
No. 1896, 2000 ohms — $2.25
shield around the wire. The metal braid is suffiNo. 1897, 5000 ohms — 2.25
ciently flexible so that the wire may be readily
No. 1898, 10,000 ohms — 2.25
bent into any desired form. It has all the con- Manufacturer: Herbert H. Frost, Inc.
veniences ofa flexible hook-up
Application: As indicated above
these units are designed for use
wire with the additional ad- I
as volume controls in radio revantage that it is shielded. It J
ceivers, and because of their
is available in rolls of 100 feet. |
Manufacturer: Belden Manu- |
special characteristics have certain advantages over other
facturing Company.
Price: \
types
of
resistances. All of these
roll.
$3.50 per 100' In constructing |
resistors are made with three
Application:
terminals, like a potentiometer,
high gain r.f. amplifiers, espe- |
cially those using type 222 |
and can be used as a potentiometer type of control or, if
screen-grid tubes, it is absolute- |
desired, by connecting to the
ly essential that no coupling of
center terminal and one of the
any sort exist between the inoutside terminals, the unit can
put and output circuits of the
tube. Frequently it is possible
be used as a two terminal resistor. The direction of rotathat the comparatively short
tion of the knob to decrease
leads connecting one tube to
or increase the resistance will
the next will produce sufficient
capacitative coupling to some
depend upon which outside
terminal is connected.
FIG. 2
other part of the circuit to
cause the amplifier to oscillate.
Coupling of this type can be eliminated by the
A Safeguard for A. C. Tubes
use of shielded wire. The circuit diagram in Fig.
X62
2 indicates at what point in the circuit of a
stage of r. f. amplification it might be wise to Device: Centralab Radio Control Box. This
use shielded conductor.
is a device designed for use in conjunction with
light-socket operated receivers. It consists of a
small metal box in which is placed a variable
For Smoother Volume Control
resistance. The power lead on the box is plugged
X6i
into the light socket and then the power lead
Device: Variable High Resistances. For from the receiver is plugged into the receptacle
volume control. Many of us when operating a on the box. This places the variable resistance in
volume control have noticed that frequently the
volume does not vary uniformly as the control is
turned, fuming the control a given distance at a
certain point will produce a given change in
volume and then turning it twice as far will
produce a very much greater change in volume.
It would be desirable to make use of a volume
control resistor of a characteristic such that the
changes in volume were more nearly proportional to the movements of the control.
Resistances of this type have been designed
CENTRALAB CONTROL BOX
to give uniform variation of volume and can be

series with the line. If the line voltage is excessive, i.e., greater than that on which the set is
designed to operate, the control on the box can be
adjusted so that part or all of the resistance is in
series with the line and the excess voltage will
then be absorbed.
Manufacturer: Central Radio Laboratories.
Price: $3.00.
Application: Excessive line voltages have evidently caused considerable trouble with a.c
operated receivers. If a.c. tubes, or any tubes for
that matter, are subjected to excessive filament
voltage, their life is materially shortened. Excessive line voltage supplies excessive filament
voltages to tubes in a set, and it is essential, therefore, that some device be used to permit compensation for line voltages greater than about no,
the voltage on which most receivers are designed
to operate. A device of this sort, of course, requires manual control if the line voltage varies
during the day and night. Also there is no means
of determining when the voltage applied to the
set is 110. Probably the best method of operation,
therefore, is to gradually increase the resistance
(which reduces the voltage applied to the receiver) until an effect on reception is noted and
then to decrease slightly the resistance.
Devices can be obtained which will automatically regulate the line voltage so that the receiver
is alwaysX63supplied with exactly 1 10 volts. Such
devices are expensive, costing perhaps five
times as much as this device. For a simple unit
that will permit longer life from a.c. tubes the
power control box is to be recommended.
A Complete Push- Pull Amplifier
Device: Push-Pull Amplifier, Model P-P-2.
A complete single-stage push-pull amplifier
designed for the use of two 171 type tubes.
This device does not contain any power supply,
but must be operated in conjunction with batteries or A and B power units. Manufactured by
Harold Power, Inc. Price: $38.00, with tubes.
Application: This amplifier is designed for use
in conjunction with a radio receiver in those
cases where more power output is desired than
can be obtained without distortion from the
power tube incorporated in the receiver. This
amplifierX64can deliver at least 1400 milliwatts of
power without overloading — about ten times as
much as can be obtained, for example, from a
1 12A type tube.
A

Plug Which Can't Be Broken

Device: Soft Rubber Plug. Ruggedly constructed ofsolid soft rubber. Shaped to form a
convenient grip for the fingers when pushing it
in or pulling it out of a socket. Only sold attached
to Belden cords which come in 10-, 20-, and 50foot lengths. Manufactured by the Belden
Manufacturing Company. Price: $2.75,.
Application: This plug can be thrown around,
dropped,X65or stepped on without fear of breaking
it. Judging from the number of ordinary hard
rubber plugs that have been broken in Radio
Broadcast Laboratory we venture a guess that
we ought to have about 600 of these!
A 30-Henry Choke for Filter Circuits
Device: Samson Filter Choke Coil, Type 312.
A choke coil designed for use in the filter circuits
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of B-power units. It is capable of carrying direct
currents up to and somewhat in excess of 120
milliamperes. At 120 mA. its inductance is 30
henrys. The d.c. resistance of the choke is, approximately 290 ohms. Manufacturer: Samson
Electric Manufacturing Company. Price: $12.00.
Application: The choke coil is applicable to varr _
ious filter circuits in
which it is necessary
that the circuit handle
currents of about 120
r
\
mA. If the value of
current does not reach
values higher than about
80 mA. then the' Samson
choke type 380 ($1 1.00)
may be used; for currents not in excess of 30
mA. the type 30 ($5.00)
is satisfactory.
The low-r esistance
characteristic of these
choke coils makes them
very satisfactory for use
in filter systems, for
with low-resistance circuits the voltage regulation of the power unit
SAMSON CHOKE
will be better than with
high-resistance circuits;
the resistance of the filter choke coils should be
low enough so as not to have any great effect on
the regulation of the system. These requirements
are fulfilled very satisfactorily by Samson
chokes.
Radio-Frequency Choke Coils
X66
Device: Radio-Frequency Choke Coils. Two
types are available.
Code No. RFC-85, with
an inductance of 85 millihenrys, a distributed capacity of 3 mmfds. and a
resistance of 215 ohms.
Price: $2.00. .
Code No. RFC-250, with
an inductance of 250 millihenrys, a distributed capacity of 2 mmfds. and a
resistance of 420 ohms.
Price: $2.25
Manufacturer: Hammarfig.
lund Manufacturing
Company.
Application: These r.f.
chokes are for use in the r.f. B-plus leads and
in the detector plate lead to keep the r.f. currents out of the plate supply unit and out of the
audio amplifier. Although two types are available
it is likely that in broadcast receivers the cheaper
85-millihenry choke may be
satisfactorily used in all cases.
The impedance of these coils
at broadcast frequencies will be
determined by the distributed
capacity of the coil. At 1 500 kc.
the impedance of the 85-millihenry coil will be about 30,000
ohms and the impedance of
the 250 millihenry coil about
45.000 ohms. The 85-millihenry
coil, however, will give at broadcast frequencies a sufficiently
high impedance so that satisfactory filtering action can be obtained. Itis interesting that the
coil with the higher inductance
has less distributed capacity
THE A. C.
than the smaller coil.

NEW
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R. f. choke coils of this type can also be used
in constructing an intermediate-frequency amplifier for a super-heterodyne. An example of such
a use can be seen by referring to the article
by L. T. Goldsmith in the May, 1928,
issue describing the construction of a superheterodyne.
X67
A Neon Lamp for Television
Device: Kino Lamp. A neon tube designed for
use in television receiving apparatus. The tube
measures
aboutbase2" soin diameter and isabout
fitted 65"
withhigh
a uxandtype
that it
can be plugged into a standard tube socket. The
a.c. resistance of the tube is about 1200 ohms
and the current through the tube should not
exceed about 20 milliamperes d.c. This corresponds roughly to about 200 volts across the tube.
The three circuit diagrams in Fig. 4 show circuits in which the tube may be used in television
receivers. All three circuits are quite satisfactory,
circuit A probably being the simplest in construction and operation.
Manufacturer: Raytheon Manufacturing Company. Price: $12.50.
Application: The principal use for this tube is in
the output circuits of television receivers, although itmay be used in any place where a gas
discharge tube is required, and probably other
applications for it will suggest themselves to our
readers. Since the plate of the tube is about \\"
square the received television picture will be of
the same size. A word of caution — never overload
the tube. Don't put it across a d.c. source of
voltage without a current limiting resistance in
series with it. Keep the current as low as
possible, for ~>the
St lower the current used, the
longer the life of the tube will be.
An A.C. ScreenGrid Tube
X68
Device: A. C. Screen-Grid
Tube, Type A. C. 22. The
tube is of the same general
construction asd.c. screengrid tubes with the exception that the electron
emitting member has a
heater similar to that used
in type 227 tubes. The
3
heater requires 2.5 volts
to operate it. This lube
may therefore be connected in parallel with 227 type tubes, since
they also require 2.5 volts. The a.c. 22 tube fits
into a standard 5-prong socket. Manufacturer:
CeCo Manufacturing Company. Price, $8.00.
Application: This tube is for use in the construction of a.c. operated receivers
requiring the use of a screengrid tube. The connections of a
single r.f. stage using this tube
are givenX69in Fig. 3.
*m Tube
wit To next

Filler and Bypass
Condensers

22 TUBE

Device: Acme Parvolt Condensers. These condensers are
available in all standard capacities and voltage ratings.
Both bypass condensers designed for comparatively low
voltage and filter condensers
designed for 200, 400, 600, 800,
1000, and 1500 volts can be ob-

ACME CONDENSERS
tained. The condensers are tested and fully
meet the standards of the R. M. A. Complete
block condensers can also be obtained designed
for use in the various types of well-known
power units, such as the Samson, Amertran,
Silver-Marshall, Thordarson, etc.
Manufacturer: Acme
Wire Company. Prices:
Vary depending upon
capacity and voltage
rating of the condensers.
Application:
These con-to
densers are designed
fulfill every
need receivers
for condensers inradio
and
power areunits.
The
condensers
equipped
with mounting feet and
screw terminals.
Loud Speaker
Extension Cords
X70
Device: Loud Speaker
Extension Cord. A 50foot extension cord
equipped
with end.
pin terminals on each
Supplied with a bakelite FOR TELEVISION
connector for easy connection between the extension cord and the
loud speaker. The cord consists of two rubber insulated wires covered with a brown cotton braid. Manufacturer: Belden Manufacturing Company. Price: $2.25
Application: This extension cord will prove useful in cases where the loud speaker is to be operated at a point distant from the radio receiver.
In the good old summer time the loud speaker
might be placed outside on the lawn, under a
shady chestnut tree. To control the volume, use
can be made of a variable resistor such as a
Table Type Clarostat (mentioned in this department in the May issue) connected across
the loud speaker terminals.

THE U. S. COAST AND GEODETIC SURVEY SHIP SURVEYOR
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By D. L. PARKHURST
Chief, Instrument Division, U. S. Coast and Geodetic Survey
CT'HE method of acoustic range finding
■*■ described by Mr. Parkburst seems to
have several advantages over the radio beacon
system, when used for short distances over
uniform masses of fairly deep water. The
actual distance of the ship from shore stations
is measured by the time taken for sound waves
to pass through the water from ship to shore,
whereas in the beacon system only the bearings of shore stations may be determined.
Furthermore, the acoustic system is entirely
automatic, the time of the signals being mechanically recorded on the .chronograph tape
aboard the ship. With the beacon system there
is always a possible error due to the operator.
On the other hand, the acoustic method has
proved itself useful only over short distances
(200 miles at the most), and through water
that is uniform in temperature and not broken
up by shoals. These advantages indicate that
it might have great usefulness as a guide to
ships at the entrances of harbors.
— The Editor.

THE use of radio for direction and range
finding has made great strides in the past
few years, especially in the development of
directive beacons for sea and air navigation.
The U. S. Coast and Geodetic Survey has
recently developed another interesting method
of range finding, which makes use of both sound
and radio waves. In making depth measurements
off the coast it is frequently necessary for the
Survey ships to be out of sight of land, so that
ordinary triangulation methods of accurately
locating the position of the ship cannot be used.
In such cases the position of the ship is deter-

mined by a method known as acoustic range
finding, in which the distance of the ship from
shore is measured by the velocity of sound waves
through water, the recording being effected by
means of radio.
When the surveying ship has made a depth
measurement, or sounding, a bomb containing a

FIG. I. ONE OF THE AUTOMATIC TRANSMITTING KEYS
374

pound or so of high explosive, such as TNT, is
dropped overboard and exploded twenty or more
feet beneath the surface. The sound produced is
picked up by a submerged microphone, or
hydrophone, located on the ship, and the impulse transmitted through a three-stage audio
amplifier to the pen-actuating magnet of a
chronograph, making a mark on a paper recording strip. The sound of the explosion also travels
through the water in all directions, and is picked
up by hydrophones anchored in approximately
fifty feet of water at two or three known points
on the shore. Insulated cable connects these hydrophones to a three-stage amplifier at each shore
station. The amplified signal actuates a relay
which sends a flash from a simple 140-meter
low-power radio transmitter. The radio signal is
picked up by a tuned receiver on board the ship,
and amplified, and this current also actuates the
chronograph pen beforementioned.
The paper strip, or tape, has been moving at
a uniform rate during the time between the
bomb explosion and the reception of the radio
flash, and consequently the space between the
two pen marks is an index of the elapsed time.
Accurate measurements have determined that
the velocity of sound through sea water is approximately 4920 feet per second, varying somewhat with the water temperature. For example,
if the elapsed time is 60 seconds, the ship is consequently 295,200 feet, or 55 10/11 miles, from
the shore station.
The information is not complete if only one
shore station is in operation, as the ship may be
anywhere on a circle whose radius equals the
time multiplied by the velocity of sound in water;
consequently, two or more stations are used and
the crossing point of the arcs for each station in-
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connecting the radio receiver ready
dicates the ship's position. Fig. 3
illustrates this graphically. An autofor the impulse from the shore stamatic signaling device is attached
tion to be recorded. The amplified
to the transmitter of each shore
radio signal actuates the second
station so that it sends out a characchronograph pen previously referred
teristic signal and may be readily
to, making a mark upon the tape.
identified.
RESULTS
HOW THE SYSTEM OPERATES
HP HE tape now contains a line
IN GREATER detail, the opera' punctuated at one side with the
one second marks recorded by the
1 tion of the apparatus is as follows:
chronometer.
The other side of this
The bomb, a tin can or cast-iron
container, is filled with loose TNT,
line is punctuated with the impulse
from the hydrophone and also those
and just before firing a No. 8 blastfrom the several shore stations with
ing cap, with a length of Bickford
their characteristic identification
powder train blasting fuse crimped
marks. The time elapsed between
to it, is inserted, the joint being
sealed with wax or other plastic.
the bomb explosion and the radio
The fuse is anchored so that the cap
reception may be readily determined
FIG.
2.
THE
RECORDING
CHRONOGRAPH
will not pull out.
by counting the number of second
Two pens can be seen poised above the tape in the chronograph. The relay
At the proper moment, after a
marks and by measuring the fracoperating one of the pens is actuated by the chronometer; the other relay is
sounding has been completed, the
tions ateach end. Multiplyingthisfigoperated by the signals from the hydrophone and the short-wave receiver on
fuse is lighted and the bomb thrown
ure by the velocity of sound through
the ship. The type of record made is indicated below the photograph.
overboard. When the explosion
sea water gives the distances from the
occurs, the sound excites the carbon
ship to the several shore stations. As
with a similar finger on the pendulum of the geographic positions of these stations are algrain
button
in
the
ship's
hydrophone,
which
is
located in a small tank of water attached to the the metronome when it is in the off posiready known, arcs of the proper radii are struck
outer skin of the vessel. The ensuing current
tion. The impulse from the bomb pulls the from each and their intersections indicate the
is amplified in a three-stage audio amplifier armature over, releasing the metronome mechanposition. Amply accurate results for the
using two 20 1 a and one 171 tubes and 6 to
ism, and a suitable system of contacts acting on a ship's
type of work have been obtained by this means.
1 transformers. The amplified current passes
notched wheel attached to the time shaft opens
This system possesses certain difficulties of
through the coils of a pen-operating magnet on and closes circuits in such a manner that the operation in some localities. Experience has
a chronograph. The chronograph, shown in armature is held over during one complete rev- shown that the apparatus works better where
olution of the time shaft and at the same time the bottom falls rapidly away from the shore and
Fig. 2, is of a commercial type, having two pens,
where the water is cold and of fairly even
and is driven by a 6-volt, storage battery shunt
sends out three flashes through the radio transmotor.
mitter. When one revolution has been made the temperature. Shoals also seem to present difficulties in the transmission of sound through water.
armature is released and the metronome stops.
Such a motor will run at practically constant
speed, as the load is very light. In fact it is only
The transmitter is a single ux-210 tube The exact influence of each of these factors has
necessary that the speed be constant during the instrument designed to transmit at 140 meters.
not been fully determined, but active investigafirst and last seconds.
tion isbeing carried on. On the Atlantic Coast of
It is sufficiently powerful to transmit through
the United States, where the continental shelf
The timing device consists of a high grade approximately two hundred miles.
marine chronometer fitted with a circuit breakThe initial and the three identifying flashes extends for a good many miles offshore, and also
ing device which operates each second, causing from the shore transmitter are picked up on the where the water is comparatively warm, conthe second chronograph pen to make a mark on
siderable difficulty has been experienced in getship by a standard make of short-wave radio
ting the apparatus to work satisfactorily over
the record strip, which is standard f-inch stock receiver. This receiver contains a detector tube
ticker tape. Fig. 2 shows at the bottom the type and two stages of audio amplification, and addi- any great distance. On the other hand, on the
of record made on this tape.
tional amplification is secured by connecting this West coast, where these conditions do not obtain, excellent results have been achieved over a
After the record of the explosion has been
receiver to the three-stage amplifier previously
distance of about two hundred miles.
described.
The
panel
of
this
amplifier
is
fitted
made by means of the ship's hydrophone, the
The system has such attractive possibilities
with a double throw switch, by means of which
tape continues to pass through the chronograph,
for the location of positions at sea rapidly and
each second being marked upon it by the either the hydrophone or the radio receiver may
chronometer. The sound from the bomb travels be connected to it. As soon as the explosion has economically, that development work will be
through the water to the hydrophones of the occurred and has been recorded, this switch is rapidly carried on in an effort to perfect its use
shore station. These are sometimes anchored as thrown over, disconnecting the hydrophone and under all conditions.
much as two miles offshore, depending upon the
character of the sea bottom, as it has been found
that the system does not operate so well unless
the hydrophones are at least 50 feet below the
surface. Submarine cable, armored where wave
action may cause chafing, connects the hydrophones to the shore station apparatus.
The energy from the hydrophones is amplified
in a three-stage amplifier, which is very similar
to that used aboard ship, and the current actuates an 800-ohm relay which completes a circuit
through a 140-meter transmitter, sending out a
radio flash. At the same time this relay sets an
automatic telegraph key in operation which
sends out three additional, equally timed flashes
from the transmitter. No two keys have the
same timing, so that each station may be
identified by its characteristic markings on the
chronograph tape. The automatic keys, one of
which shown in Fig. 1, are made up with an orFIG. 3. THE ACOUSTIC RANGE FINDING METHOD
dinary musician's metronome as a time element,
having the spring removed and weight drive
The bomb exploded under water by the ship produces sound waves thai are picked up by the hydrophones
substituted for it. A standard pony relay of the two shore stations, causing the two shore stations to transmit radio signals. These are picked up by
is mounted directly beneath it with a the ship, and the elapsed time between explosion and signals gives the data for the calculation of the dis~
tance of the ship from the two shore stations. Thus its position can be located..
finger attached to its armature which engages
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transformers of special design. Karas Electric Company.
85. denser
Filter
Data circuits
on a high-capacity
conused in— filter
in connection electrolytic
with A socket
power
supply
units,
are
given
in
a
pamphlet.
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Power Supply Transformers
These transformers supply full
wave rectifiers using two UX-281
tubes, for power amplifiers using
either 210 or 250 types power amplifying tubes as follows: T-2098 for two
210 power tubes, $20.00; T-2900 for
single 250 power tube, $20.00; T-2950
for two 250 tubes, $29.50.
Double Choke Units
Consist of two 30 henry chokes in one
case. T-2099 for use with power supply transformer T-2098, $14; T-3099
for use with transformer T-2900, $16;
T-3100 $18.
for use with transformer
T-2950,

XHordarsoN
AUDIO

TRANSFORMER

SUPREME in musical performance, the
I new Thordarson R-300 Audio Transformer brings a greater realism to radio
on.
reproducti
Introducing a new core material, "DX-Metal" (a product of the Thordarson Laboratory), the amplification range has
been extended still further into the lower register, so that even the deepest tones now may
be reproduced with amazing fidelity.
The amplification curve of this transformer
is practically a straight line from 30 cycles to
8,000 cycles. A high frequency cut-off is provided at 8,000 cycles to confine the amplification to useful frequencies only, and to eliminate undesirable scratch that may reach the
audio transformer.
When you hear the R-300 you will appreciate the popularity of Thordarson transformers among the leading receiving set manufacturers. The R-300 retails for $8.00.
THORDARSON ELECTRIC MANUFACTURING CO.
Transformer Specialists Since 2895
WORLD'S OLDEST AND LARGEST EXCLUSIVE TRANSFORMER MAKERS
<r7iuron and Kingsbury Streets — * Chicago. III. MSA,

Power Compacts
A very efficient and compact form of
power
unit. Power
er andsupply
filter chokes
all intransformone case.
Type R-171 for Raytheon rectifier and
171 type power tube, $15.00; Type
R-210 for UX-281 rectifier and 210
power
$20.00;
R-280tube,
for
UX-280 tube,
rectifier
and Type
171 power
$17.00.
Speaker Coupling
formers TransA complete line of transformers to
couple either single or push-pull 171,
210 or 250 power tubes into either
high impedance or dynamic speakers.
Prices from $6.00 to $12.00.
Screen Grid Audio Coupler
The Thordarson Z-Coupler T-2909 is
a special impedance unit designed to
couple a screen grid tube in the audio
amplifier into a power tube. Produces
excellent base note reproduction and
amplification vastly in excess of ordinary systems. Price, $12.00.
THORDARSON ELECTRIC MFG. CO.
500 W. Huron St., Chicago, III.
Gentlemen: Please send me your constructional
booklets on your power amplifiers. I am especially
interested in amplifiers using
tubes.
Nan
Street and No..
Town

..Stale..
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SHEETS
HpHE aim of the Radio Broadcast Laboratory Information Sheets is to present, in a
1 convenient form, concise and accurate information in the field of radio and closely
allied sciences. It is not the purpose of the Sheets to include only new information, but to
present practical data, whether new or old, that may be of value to the experimenter, set
builder or service man. In order to make the Sheets easier to refer to, they are arranged so
that they may be cut from the magazine and preserved, either in a blank book or on 4"
x 6" filing cards. The cards should be arranged in numerical order.
Since they began, in June, 1926, the popularity of the Information Sheets has increased
so greatly that it has been decided to reprint the first one hundred and ninety of them
(June, 1926-May, 1928) in a single substantially bound volume. This volume, "Radio
Broadcast's Data Sheets" may now be bought on the newsstands, or from the Circulation
Department, Doubleday, Doran & Company, Inc., Garden City, New York, for $1.00.
Inside each volume is a credit coupon which is worth $1.00 toward the subscription price
of this magazine. In other words, a year's subscription to Radio Broadcast, accompanied
by this $1.00 credit coupon, gives you Radio Broadcast for one year for $3.00, instead of
the usual subscription price of $4.00.
— The Editor.

No. 225
TWO

ACCESSORIES
The Raytheon Laboratories invite correspondence
from both engineers and
amateurs in regard to these
two accessories now in
successful operation.
Raytheon Kino-Lamp is
the first television-reception tube developed to
work on all systems.
Raytheon Foto-Cell, an
extra sensitive broadcasting tube, is supplied in
either hard vacuum or
gas-filled types.
RAYTHEON
MFG. CO.
Kendall Square Bldg., Cambridge, Mass.

theon'
^Ray
\
FotPCell
.
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Calculating Grid Bias for A.C. Tubes

PIONEER

TELEVISION

Radio Broadcast Laboratory Information Sheet

correct resistance values
TN ALL a.c. receivers, grid bias for the various
*■ tubes is obtained by connecting resistances of
the correct
value ofat the
the value
correctof point
in the circuit.
The
calculation
the resistance
and
its placement in the circuit have been the subject of
quite a mation
fewService
letters
written
to
the
Technical
Inforand we have therefore devoted this
Laboratory
Sheet
to the subject.
circuit diag
r
a
m
s
o
f
six
combinations
are givenTheon Laboratory
Sheet No. 226.
If these diagrams are examined one important
point will be noted, which is that the resistance, R,
which supplies
to theof tube,
is alwaysor connected betweenCthebiascenter
the filament,
the
cathode in the case of heater type tubes, and negative B. The resistance is placed in this position in
relation tobination the
no matter
whatresistor
tube orincomof tubescircuit
is used.
With the
this
position the plate current of the , tube must go
through it in order to reach the filament, or cathode,
and therefore the voltage drop across the resistance
is equal to the plate current times the resistance in
ohms. To calculate the value of resistance, we must
therefore know the value of grid bias that we desire

• 226

to obtain and also the plate current flowing through
the resistance. For example, in diagram A we have
a 226 type tube.we Bycanreference
ofindicated
tube characteristics
determineto any
thattable
the
226 type tube with 90 volts on the plate requires
a grid bias of 6 volts and the plate current is 3.5
milliamperes. R is found by dividing the grid voltage required, 6, by the plate current in amperes,
0.0035, which gives a value of 1700 ohms as the
required value of resistance.
In diagram C, a 171 tube is used, forty volts of grid
bias are required if the plate voltage is 180 volts.
The plate current under such conditions is 20
milliamperes, and 40 divided by 0.02 amperes gives
bias.
2000
ohms as the value of resistance required for C
If a circuit utilizes more than one tube of the
same type for which we require the same value of
grid bias, the circuit is arranged as indicated at E,
in which case the plate current of both of the tubes
flows through resistance R. If the plate voltage
on the 227 type tube is 90, the plate current is 3.7
milliamperes and the required grid bias is 6 volts.
The grid bias resistance is then equal to 6 divided
by 7.4 (the total current of the two tubes) which
gives 800 ohms as the correct value for R.

Radio Broadcast Laboratory Information ?heet
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Grid Bias Circuits for A.C. Tubes
Type 226

1 ype 227

Type 171
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RECEIVERS
Any

Pocketbook!

10 K.C. SELECTIVITY... ABSOLUTE FLAT TOP TUNING
Again HammerThis mentpeak
of Hi-Qachievedesign
jtV. lund-Roberts
COAST-TO-COAST RECEPTION... NEW TONE QUALITY
opens the radio season
is
a realinstrument.
"coast-toSCREEN-GRID TUBES . . . SHIELDED STEEL CHASSIS
coast"
with advancements
in construction and CONCEALED WIRING... SIMPLIFIED CONSTRUCTION
"swish" don't
in asmerely
Stations
with
performance that will
be marveled at throughout the entire radio world.
even the best of receivers. They absolutely "CLICK" inThis year, instead of merely one outstanding Custom-built
sharp, clear, definite. No hum, no buzz, no oscillationreceiver as in past years, we announce FOUR wonderful
nothing but the pure, natural, clear-as-crystal signal
exactly as it is delivered to the microphone.
instruments — the result of the combined engineering
efforts of the foremost parts manufacturers in
There is nothing like this new Hi-Q Receiver
available anywhere in any circuit at any
America. FOUR brand-new models— a
price. Wonderful sensitivity. Wonderful
Junior D.C., a Junior A. C, a Master
D.C. and a Master A.C. that establish
selectivity. And tone quality that simply
cannot be described.
a totally new standard in radio design.
The other three new Hi-Q 29 ReThe new Master Hi-Q typifies the marceivers have similar qualities — each
velous efficiency of the entire line of 1929
the fullest value available in the radio
Hi-Q's. A five-tube stage-shielded reworld — each a finer instrument than
ceiver that is built upon a solid steel
chassis. Only the very finest parts in
any ready-built receiver selling at
$50 to $100 more money.
the industry are used, including the
8o-Page
new screen-grid tube. Circuit isa new
Send
Now
for This New
development with a BAND-PASS
FILTER, which effects absolute
Construction Manual
FLAT-TOP square cut-off TUNING
for the first time to our knowledge
Biggest and most complete book
in radio history. FLAT-TOP TUNever published. Tells how to build
ING with 10 K.C. selectivity!
the 4 new Hi-Q Receivers. Photos
"Cross-talk" is impossible with this
and diagrams illustrate every detail.
set, for the reason that it is imposCovers power amplifiers, tube and
sible to receive more than one
battery combinations, antennae, instation at a time, even in large cities
stallation,short-waveadapters,house
where many powerful stations are
wiring and a wealth of other data
broadcasting!
on custom-built radio. Price 25c.

JUNIOR A. C. HI-Q 29
A screen -grid, shielded receiver made with
the finest parts available. Extremely selective,
sensitive, tone quality unsurpassed, simplified
construction.
Junior Hi-Q 29 complete without cabinet,
$54.35. Junior A. C. Hi-Q 29 complete
without cabinet, $103.95.

Any Hi -0 Model, whether in this delightful console
or one of the Hi-Q Cabinets, makes a pleasing,
decorative adjunct to the finest interior.

MASTER HI-Q 29
The outstanding feature of this set is the Hi-0
Band-pass
whicha 10actually
top
TuningFilter,
within
K. C. ejfectsFLATband. Also
screen -grid tubes, completely shielded, concealed wiring. Master Hi-Q 29 complete
without cabinet, $99.50. Master A. C. Ht-Q
29 complete without cabinet, $151.80.

HAMMARLUND-ROBERTS,
INC., II82-A
Broadway,
-Associate Manufacturers-

New

York
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The Audio Transformer
actance ofL to the resistance of Rp, and varies as
THE EFFECT OF ITS INDUCTANCE
indicated
the second column in the table, column
ance, the
Rp. in ratio
1
being
of the reactance of L to the resistTHE diagram on this sheet indicates at A a
-1 single stage of audio-frequency amplification:
Now
suppose
that
we desire to work the transB is the equivalent circuit, in which Eg is the signal
former out ofand
a 201A-type
about
voltage inactance othe
plate
circuit,
La
is
the
leakage
re11,000
ohms
that
at
60 tube
cycleswithwe anwantRp toof utilize
f the transformer, L is the inductance,
70 per cent, of the total voltage. Then, from
and C is the distributed capacity of the secondary attheleast
table we will have to make Xl, reactance of
and the tube input capacity, transferred to the the coil
L at 60 cycles, equal to the resistance of the
primary. Rp is the plate resistance of the tube. Let tube. Therefore:
Xl = 11,000
us study this circuit to see what happens at various
2 xfL = 11,000
frequencies. The treatment given below is not
exact but is approximately correct.
6.28 x 60 Lx =L 30= henries
11,000
At low frequencies the reactance of C in comparison with L is very large and the reactance of L is
We might look at the problem in another way.
very large in comparison with that of La. Therefore
a transformer with a voltage drop
at low frequencies the voltage in the plate circuit Suppose we desire
of not more than 1 TU. When a circuit
divides between L and Rp. The voltages across isat 160TUcycles
down
in
voltage,
the actual voltage loss is
these two parts of the circuit are 90 degrees out of
about 11 per cent.,
phase and the percentage of the total voltage that
le a v i n g 89 per
appears across L depends upon the ratio of the reTABLE
cent. This
corres-of
Xl overponds to aRpratio
of 2.
Percentage
of
total
Xl
Therefore, from the
voltage across L
table the reactance
of L at 60 cycles
4.0
97
must be twice
resistance ofthethetube
2.0
0.5
89
1.0
71
or
22,000
ohms.
44.6
2 xfL = 22,000
L = 59 henries
0.3
28.7
No. 227

the

C. Set Builder

The name — "WESTON " on any meter
you select is the highest guarantee of long
life and dependable service with the lowest cost of instrument upkeep. The following three models are recommended for
those having professional or technical interest in radio set construction — builders,
transmitting and repairmen and all others
who demand the best obtainable operating performance.

Model
301
D. C.
Milliammeter

BROADCAST

3\"dhm.
Also
Model
2" 506
diam.

Use of Milliammeter in the Plate
Circuit
For checking plate current and plate and
grid battery conditions. Low B and C
battery voltages determined by direction
of fluctuation of the pointer when strong
signals are received. Placed in the Bbattery lead this instrument checks the
set as a whole, or it checks any one radio
or audio stage when placed in the plate
circuit of that stage — Price, $8.00.
Model
489

D. C. Portable voltmeter— 1000 ohms
per volt resistance guaranteed. For
checking output of Battery eliminators.
Also made in lower resistance models for
general D. C. testing service — Price $13.50
to $28.00.
Triple Range A. C. Voltmeter
150/8/4 volts. A compact, light-weight,
portable instrument with red and black
mottled bakelite case for testing A. C,
supply and tube voltages of socket power
A. C. receivers. Also made as doublerange voltmeters up to 600 volts, and as
single-range ammeters and milliammeters
—Price, $13.50 to $18.50.

150/8/4
volts

Weston Electrical Instrument
Corporation
604 Frelinghuysen Ave.,
Newark, N. J
WESTON
RADIO
INSTRUMENTS

rf3
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The Dynamic Loud Speakers
THE FIELD MAGNET
'TTHE dynamic-type loud speaker depends for
-t its operation on the production of a very strong
magnetic field in the air-gap in which the moving
coil is placed. This air-gap is indicated in the sketch
on thiscatedsheet.
The solid
usefullines
magnetic
is that indiby the light
flowingfluxdirectly
-Air Gap across
the gap, and the leakage flux — that part of the magnetic field which serves no useful purpose — is
indicated by the dot-dash lines.
The flux which any given Movingamount
^ of magnetic
material, such as iron or
steel, can handle efficiently isdefinitelyWhen
limthe itedironby saturation.
is saturated its
r e s i stance — reluctance
is theflow
technical
term — to
the
of magnetic
lines through it increases
and then the leakage flux
increases. The flux will
tend to take that path
which has the lowest

reluctance. To prevent leakage the pole pieces are
frequently shaped in some peculiar manner, such
as indicated at B, in order that the actual airgap will be a very much lower reluctance path foi
the flux than any other path. The leakage flux in
sketch A does not have to travel a path much longer
than the actual air-gap, i.e., the two paths have
about the same reluctance. In the pole shape indicated at B the flux path outside the air-gap
is much
than the therefore
path through
The
latterlonger
arrangement
tendstheto air-gap.
reduce
the leakage flux.
Assuming
that
the
iron does not saturate,
the flux
in the air-gap
will
idincrease
ly as the size very
of the rapgap
is decreased,
and
practice the gap is inalways
made as small as possible,roomleavingforjustthesufficient
coil
to move without any
danger of its striking
the pole pieces.

'4

Coil"
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No.TU of Power Ratio
Loss
Gain
023
.977
0. 1 1
.955
1
0.3
0.2 1 047 .933
0.4 1 096
.912
0.5 1 072 .891
1 122 .851
.871
0.7
175
0.6 1 148
1 202 .832
0.9
0.8 1 230 .813
1.0 1
.776
1.1 1 259 .794
1 288 . 759
1.2 1 349
318
.741
1.3 11 380
413 .724
1.4
479 .708
1.5 1 415
.692
.676
1
1
1.7
1.6
.645
549 .661
1.9 1 514
.631
2.0
1.8 1 585
.603
622 .617
2. 1 1 660
2.2 1
2.3 1 698 .589
.575
2.4 1 738
2.5 1 820 .562
1 778 .550
2.6

The Telephone Transmission Unit
TU
TU Power Ratio
No. of
No . of Power Ratio
TU
Loss No. of ' 4 47 Loss
Gain
Gain63
79
5 3 3
2 7 1 862 .537
.288
80
.525
5 4 3
2 8 1
.513
.295
89
8
5
3
55
1
5
2 9 1 950
.501
906
82
5 6 3 39 .282
3 0 1 995
83
5 7 3 72 .269
3 1 2 04 .490
.275
84
5 8 3 80
3 2 2
.251
85
.257
5 9 3
.479
3 3 2 4514 .457
.263
86
6 0 3 98
3 4 2 19 .468
8 7
.245
4
07
6
1
.447
3 5 2 24
09
8 8
6 2 4 17
3 6 2 29 .437
89
6 3 4 27 .240
.427
3 7 2 34 .417
9 0
6 4 4 37 .229
3 8 2 40
.234
6 5 4 47
9 '11
.407
3 9 2
.398
92
6 6 4 57 .219
51
4 0 2 69
93
6 7 4 68 .224
4 1 2 57 .389
9 4
6 8 4 79 .209
4 2 2 63 .380
.214
9 5
6 9
90
.372
4 3 2
9 6
7 0 5 01 .200
4 4 2 75 .363
.204
9 7
7 1 5(i 13 .191
.355
4 5 2
.195
9 8
25
7
2
5
4 6 2 88 .347
75
99
73 5
7 2 95 .339
0
50
7
4
5
.331
4 8 3 02
.186
20 0
7 5 5 62 .182
4 9 3 82 .324
30 0
76 5
50 3
.178
40 0
89
7 7 5 37
.316
5 1 3 24 .309
03 .174
7 8
5 2 3 31
.170
09 .302
10
16
.166
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Power Ratio
Loss
Gain6.17 .162
6.31 .155
. 158
.151
6.61
6.45 .148
6.92
6.76
.141
138
144
. 135
7.08
7.41
7.24
7.59
.132
.129
8.13
7.76 ..126
123
7.94
8.51
8.32
.. 120
8.71 .115
118
8.91 .112
9.12 .107
. 110
9.33
9.55 .105
.01
.102
9.77
100
10.00 ..001
100
.0001
1,000 .00001
10,000
100,000
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huge

achievement

Frost-Radio has scored another of its characteristic achievements inbringing out a number of new items to supplement its
already famous line of parts. Frost now offers the finest and
most complete line of radio parts of any manufacturer in the

Frost-Radio
Variable
High
Resistances
Offer marvelous control of volume and oscillation. Boiler contact arm is practically
frictionless. Bakelite
case and dust cover.
Supplied in a wide
range of resistances.
$2.00 and 52.25.

EquippedprovedWith
AC SwitchApUnderwriters'
approved
AC
snap switch fitted to our
Variable High Resistance
makes ideal combination.
Switch is tested to carry 2 50
volts at 3 amperes. $2.75
and $3.00.

Frost-Radio
Variable HighDC Resistance
with
Switch
Another combination of
the Frost Variable High
Resistance
with having
quickoperating switch
positive
"off"
position,
for use only with battery
operated sets. Switch
has sterling silver contacts, with German silverlitesprings,
insulationandis Bakeused.
$2.35.
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field. Whether you build sets for yourself or for others you will
find in this great line practically all of the vital and important
parts you require. Your favorite dealer can supply you. Why
not get in touch with him today?

Frost Gem
Variable
High
Resistance
Identical with
nce Units
our largersistaReexcept Gem
in size.is
The
housedlite incase Bakeuring 1% measx%
in.,
savspace
back ingthus
ofmuch panel.
$2.25 and
$2.50.

Frost-Radio
Rheostats Gem
Mighty stats,good
rheotolittle
give
long
service andbuiltstand
the gaff.
Take
up
but
little
space,
are single hole mounting
and are easy to solder to.
Supplied plain or with
DC switch,
the latter offeringbainremarkable
ation at minimum comcost,
as it combines
rheostat and switch.
Plain
Withbothswitch.

Frost-Radio
Bakelite Rheostats
The original aircooled
Bakelite rheostat with
one-piece moulded
frame and resistance
wire wound on
threaded
Bake-in
lite strip.flexible
Supplied
atentiometers,
wide range
of
resistances, $1.00. Poto $2.50.

Frost-Radio Bakelite
Rheostat with Switch
Battery
find
wonderfuloperated
service sets
in these
Frost Rheostats with
switch mounted on Bakelitetivepanel."oft"Switch
has posiposition,
and
springs are German silver
with tasterling
silver
concts, 2to 75 ohms, $1.35.

H-25
fROST-RAOlO
Frost-Radio
Hum
Balancer
Frost-Radio
Idealing theforripple
smoothAO Snap
out
Switch
ofEasy* ACto regulate
current.
Approved,
single hole mount with screw driver
•AC switch 3 by means
slotted headof shaft,
amp., 250 v.,
75c.
$1.00.

Frost-Radio Bakelite Cable Plug
A remarkable achievement in an all-Bakelite Cable Plug. Terminals
are spun into sockets and cannot work loose even when overheated in
soldering. Color code molded into Bakelite. Plug is equipped with
5-ft. seven wire braid covered cable with best rubber insulation on
individual
socket, 75c.wires. Plug and cord only, $2.2 5. Baseboard or sub-panel

Frost-Radio Moulded Mica
Condensers
Finelyate.made
and toextremely
Guaranteed
within accur10%.
Unaffected by moisture or climatic
changes. Molded Bakelite, with
finest
dielectric.
small,quality
easy mica
to attach
eitherNeat,to
metal
subpanel
or
by
means
of
soldering lugs, 4 5c to 9 0c.

Frost-Radio By-Pass
Condensers
Accurate capacities and
conservative
voltage
ings distinguish
these ratnew
Frost Condensers. Built
of best oughly
materials,
thorseasoned, vacuum
and hermeticallyimpregnated
sealed. .1 to 2 mfds.
80 c. to

FROST-RADIO UNIVERSAL
RESISTANCE KIT
Consistseters,ofthreefour
2 00 02000
ohm ohmfixedpotentiomresistors
and one
150
0
ohm
fixed30 resistor.
plies voltages 0 to 30,
to 50, 50Sup-to
70, ted90,with 135.
180. Resistors
fitslidingandconnections.
Complete
kit (not illustrated), $9.00.
$2.00.
Frost-Radio
Blocking 210
Condensers
Built to give superservice,tivewith
voltageconservaratings.
Every terial
itemused inof their
maconstruction is the
very best obtainable.
Enclosed
in hermetically scaled
cases of
gold-bronze
lacquered
metal,
with
terminals. Thetinned
best
Blocking Condensers
money canbuy. $18.00.

Frost-Radio
Heavy Duty
Filter Condensers
Like our Blocking
Condensers, Frost
Filter Condensers
are a quality product, mad
of the finest linen paper and
highest grade foil. Conservatively rated. Will
give long service. .5 to 2 mfds, $1.40 to $7.00.
HERBERT
H. FROST,
INC.
Main Office and Factory:
ELKHART, IND.
San Francisco
CHICAGO
New York City

Frost-Radio Fixed
Resistances
Windings are on die cut
flexible Bakelite strip,
with firmly
terminals. .4 to staked
1000 ohms.
Also as center
tapped
resistances to provide grid
return 15c
in ACto sets,
ohms.
50c. 6 to 64

Frost-Radio Hook-Up Wire
Simply
back the
for soldering,
and slidepushit back
over braid
the soldered
joint.
No. 18 double cotton covered, impregnated
wire. 5 0 ft. roll, 80e.

"WORTH MANY TIMES 10c
TO ANYONE WHO IS
INTERESTED IN RADIO"—Send for this
16-page book today.
Those
who have
Frost Data
Booksenttellforustheit new
is
worth many times the dime
askeding. Itfor
postage
and
mailcontains a vast amount
ofalsovaluable
— tells
about information
the complete
Frost-Radio
line
—
should have a copy. YOU
Fill
day.
out and mail coupon tO'
|
|
|
|
I

HERBERT H. FROST, Inc.
RB10
160 No. La Salle Street, Chicago
Send me your new Frost Data Book, containing not only valuable radio information, but also facts about your new line. I enclose 10c.
(Are you a professional set builder?.
Name
Street Address
City

RADIO
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Filters

0.
HOW THE VARIOUS TYPES DIFFER
High pass filters. Sketch B gives a frequency
TN TELEPHONE and radio circuits various characteristic
of an ideal high pass filter and it will
be noted that it has the opposite effect to a low pass
types of filters are used and in this Laboratory
Sheet we will indicate how the several types differ. filter in that it permits the passage of high frequencies and obstructs the flow of low frequencies.
First let us define a filter. We might say that a
filter is a circuit arrangement that will separate The r.f. chokes and condensers used in the plate
direct current from alternating current or vice versa circuits of an r.f. amplifier are an example of a high
or a circuit that will separate alternating currents pass filter, functiong to pass the high frequencies
of one or a group of frequencies from alternating directly to the filament, thereby keeping them out
plate supply, but obstructing the passage to
currents of a different frequency or group of fre- ofthe thefilament
of the d.c. plate current (which can be
quencies.
Filters can be divided into three general classes: considered a current of o frequency).
Band pass filters. This type of filter permits the
(A) low pass filters; (B) high pass filters; (C) band
passage of a band of frequencies and excludes all
passLowfilters.
pass filters. A low pass filter is designed to those frequencies below or above this band. A very
common type of band pass filter is used in radio
pass
all
the
low
frequencies
below
a
certain
cut-off
When a coilis -condenser
frequency and to oppose the passage of frequencies receivers — the tuned circuit.
combination
tuned to a
above the cut-off fre100
quency.
The
frequency
given
broadcasting
stationof
characteristic curve of an
it
permits
the
passage
100
that band of frequencies
ideal low pass filter is 100
associated with that
given in sketch A. The r.f.
broadcasting station and
choke coil used in the plate
excludes to a more or less
circuit of a detector tube
functions as a low pass
greater
degree or
frequencies
either lower
greater
filter, since it permits
0
High
than that of the station
audio frequencies to pass
are
trying
to
receive.
(B)
0 (C) High we
into the audio amplifier
0
High
The ideal curve of a band
but excludes from the
FREQUENCY
FREQUENCY
FREQUENCY
amplifier the high carrier
pass
sketchfilter
C. is indicated in
frequencies.
(A)
No. 231

Editor — M . L. Muhleman
Associate Editors — John
and
AustinF. C.Rider
Lescarboura
Managing Etlitoi — G. C. B. Rowe
Radio Engineering has been published for eight years for the engineers,
technicians, manufacturers and dealers
of the radio field.
It covers, in some forty text pages
each month, the latest developments
in manufacturing and engineering, design, production, etc. It includes valuable material on construction, testing
and servicing.
In the Radio
"Commercial
Developments"
section,
Engineering
deals with
television, moving picture transmission,
aeroplane and train communication,
speech amplifying systems, etc.
Contributors and authors include the
leading engineers in the electrical and
radio field.
Radio Engineering is
NOT
sold on newsstands
If you are not already a subscriber,
use coupon below.
RADIO ENGINEERING, Inc.
52 Vanderbilt Ave., New York, N. Y.
it i j c j ) $2.00 for 1 year > ,
Enclosed tofindRadioJ $3.00
for 2 years J 8ub"
scription
Engineering.
Enclosed find twenty cents (20c) for which
send sample copy of Radio Engineering.
(please print name and address)
Name
Address
City
State
Please check classification.
□ Manufacturer □ Dealer
□ Engineer □ Technician
Anything else
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Impedance-Coupled
varies Amplifiers
with the inductance in henries of the coupling
THE EFFECT OF THE SIZE OF THE INDUCTANCE
coil, L. This curve is calculated for a frequency of
TN CONNECTION with impedance-coupled
60
cycles,
assuming that this is the lowest frequency
-*■ audio amplifiers, the statement is frequently
we desire to amplify uniformly. It is assumed
made that the coupling inductances should have which
that
the
tube
impedance of 30,000 ohms
as large an inductance as possible, creating the and a mu of 20,hasanda plate
that the coupling condenser, C,
impression thereby that the larger the inductance
and
the
grid
resistance,
R,
of such values as not
the better the results. Such is not the case. First, let to affect the amplification. are
If 100 per cent, amplifius examine the effect of the inductance at low
cation
were
obtained,
the
gain
would
be 20, and with
frequencies.
an infinitely high inductance this gain might be
The curve on this sheet indicates how the amplifi- realized at low frequencies. With practical values
cation from a stage of impedance-coupled audio of inductance, however, the gain is less than this
and
curve.varies with the inductance as indicated by this
The value of the coupling inductance should be
the smallest value that will give satisfactory gain
at the lowest frequency to be amplified, which we
have assumed in this case to be 60 cycles.
At medium frequencies the amplification obtained
from a circuit of this sort is approximately equal
to the amplification constant of the tube and we
might assume as a reasonable figure that the amplification at 60 cycles shall not be less than 75 per cent,
of the amplification obtained at medium audio
frequencies. 75 per cent, of 20 is 15, the value therefore of the gain
60 cycles. This corresponds to an
inductance
of 100at henries.
If a value of inductance much greater than this
is usedcies, itwill
to obtain
morethatamplification
at low frequenbe found
the high frequencies
begin
to fall off due to the shunting effects of the tube and
coupling
Amplifier curves
ous valuescoilof capacities.
coupling impedance
will be with
given variand
120 160
explained in a future Laboratory Sheet.
LIN HENRIES

No. 232
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The Voltmeter
HOW IT WORKS
TN PRECEDING Laboratory Sheets, Nos. 205,
■L 214 and 222 we explained the construction of the
galvanometer and the ammeter and indicated how
they differed. The voltmeter is quite similar to these
two instruments, differing in only one important
respect
to be explained
below. to measure voltage.
A voltmeter
is used obviously
We desire to measure this voltage using as little
power as
for if the
instrument
quires anypossible,
great amount
of power
it is itself
liable re-to
affect the voltage reading of units such as batteries
or B-power units which are designed to deliver
only a small amount of power.
To measure
sourceammeter,
of potential we mightthetakevoltage
a very oflowsome
reading
one having a maximum scale reading of perhaps
0.01
amperes,
it in seriesit across
with atheknown
resistance
and place
then connect
sourcehighof
potential. The ammeter would read the current
that
and then
by Ohm's
law, which
that flowed
the voltage
is equal
to the current
timesstates
the
resistance, we could calculate the value of the voltage.In a voltmeter this high resistance is permanently
connected inside of the instrument and the scale

is calibrated to read volts instead of amperes. In
other words we might say that the instrument
solves
Ohm's law for us and makes it unnecessary to
calculate
a voltage. the IR drop every time we wish to measure
Ammeters tinguishand
dised inone voltmeters
other way mayotherin general
than thebe fact
that they
marked "volts"
"amperes"be onfound
the
scale
of theare instrument.
It willor generally
that ammeters have fairly large terminals and they
are generally of metal. Voltmeters have small
terminals and they are always of the insulated type.
Ammeters
are equipped
terminalsor the
because no damage
results with
to themetal
instrument
circuit in which it is connected if the terminals are
accidently inshort-circuited;
ammeters
are always
connected
series with a circuit
and have
a very
low resistance, so that shorting them affects the
circuit very little. Voltmeters, on the other hand,
are always connected across the source of potential,
and if the voltmeter terminals are accidentally shortcircuited then the source of potential is shortcircuited.
A short-circuit
may butnot may
be a cause
seriousdamage
thing
when measuring
a B battery,
if it occurs when measuring the voltage at a light
socket or when measuring the output voltage of a
large generator.
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Austria's president signs a "fultograph"
Dr. Siepel, President of Austria, is at the left, signing a photograph
of himself transmitted by radio by the method perfected by Captain
Otho Fulton {in the center, with his hand on the table). Captain
Fulton
developed
his apparatus,
"Fultograph"
in adoption.
Vienna;
the British
Broadcasting
Company the
is now
considering , its

CunningBECAUSE
ham Radio Tubes
carry the true tone and
reproduce pure harmony, they are rightly
called the nerve center
of your radio.
Tubes

that have

had

long,

constant

use

should be replaced
with new, correct
Cunningham

Tubes to

enable you to enjoy
modern broadcast
reception.
Never use old tubes ^71
with new ones — use |»
Inew tubes throughout JJ
E. T. CUNNINGHAM
Inc.
New York
Chicago

A

By

WILLIAM

EGULAR broadcasting of pictures is
promised for Great Britain by October.
R The
British Broadcasting Corporation is
now considering the adoption of the "Fultograph," the apparatus of Captain Otho Fulton,
an Englishman who has been experimenting
in Vienna for three years.
Captain Fulton gave me a demonstration of
his apparatus when I met him in Vienna. The
photograph to be transmitted is printed on a
copper foil coated with sensitized fish glue.
Exposure to light makes part of the glue surface
insoluble. Washing removes the soluble parts,
which have not been exposed to light, and a
half-tone picture in glue is left.
The foil is then placed on the transmitting
machine. All you can see is a box containing a
small clockwork motor, and at the side a cylinder
which can move slowly round, like the one on
Edison's first phonograph. The foil is wrapped
round the cylinder, which is then set going.
Over the foil a metal needle passes.
When the needle is touching a part of the bare
foil a current passes and is transmitted. When it
touches a part where the glue is, the glue acts
as an insulator, and no current passes.
In receiving the picture broadcasts a one-tube
set is sufficient for distances within a mile of the
broadcasting station; for greater distances a
receiver of two or more tubes is necessary.
You can hardly tell the receiving set from that
at the transmitting end. Round the brass
cylinder a piece of paper dipped in chemicals,
and still damp, is placed. A platinum needle
passes over it, and when current is being sent
out at the transmitting end a current passes between the needle and the cylinder, and the paper
is stained brown through the action of the
current on the sensitized paper. Thus the picture
is traced out.
In his early experiments, Captain Fulton told
me, he synchronized reception and transmission

J. BRITTAIN
by means of a pendulum device devised by
himself and Mr. T. Thorne Baker, of London,
with whom he formerly collaborated. Both receiving and transmitting instruments were
fitted with a long pendulum which made an
electric contact at every beat of i| seconds and
released the cylinders for a new revolution.
With this method it was found that unless
there was absolute stability, the picture was
ruined; so now Captain Fulton has devised a
series of relays giving him electro-magnetic
synchronization. This enabled him in a test to
take his apparatus on a ten-day steamboat trip
along the Danube and receive pictures from
his laboratory in Vienna during the entire trip.
The fact that the glue on the copper foil is
easily scratched calls for some remedy. One is to
"burn in" the picture; another, used by Thorne
Baker, is to roll the glue picture between polished
steel, so that the picture sinks into the metal,
like a picturesque commutator.
For the chemicals in which the semi-absorbent
paper is dipped, several mixtures are used. One is
a potassium iodide and starch solution, which
gives a coloration with the passage of a current
of less than two milliamperes; and another solution, used in the Jenkins laboratories, contains
ammonium nitrate, ammonium chloride, and
potassium ferrocyanide.
"All the time I have tried to simplify radio
picture apparatus for the man at home," Captain Fulton told me. " I consider my latest
apparatus is as simple as a cart: a cart has only
the wheels and the body, and if you take either
away
it isn't
a carthardanyandmore.
assistants
and 1 have
worked
now My
we have
made
a home set to be sold to the public for about
seventy-five dollars. They have already been
The pictures
are 45 inches by 3J inches, and
adopted
in Vienna."
those I saw received were as distinct as hurriedly
produced newspaper photographs.
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The broadcast of
the Army • Navy
game last year was
enjoyed
by hundreds ofthousands
ofcountry.
fans all over the

broadcasting
Phillips
Carlin
at one of the
big football
games.

The

Big

Game

Comes

BETTER-

Over

CLEARER

MILLIONS of enthusiastic football fans are
listening this fall to the play by play broadcasts of America's greatest games. They are
experiencing almost as keen enjoyment as if
they were sitting in the stands. The voice of
the announcer comes to them clearly and distinctly because their receiving sets are Aluminum equipped.

It combines remarkable shielding properties, high electrical conductivity, great strength
and extreme lightness.

Leading radio manufacturers are using Aluminum extensively for shielding, for condenser blades and frames, for chasses, sub-panels,
front panels and for many other parts — because Aluminum so ideally meets the varied
conditions that radio design presents.

And if you are building a receiving set use
Aluminum for finest results.

Examine the set you contemplate buying.
If it is Aluminum equipped you may rest assured that the manufacturer has done everything in his power to give you the finest possible reception.

We will gladly send you the booklet, "Aluminum For Radio," which explains the varied
radio uses to which Aluminum is adapted.

ALUMINUM COMPANY OF AMERICA
ALUMINUM IN EVERY COMMERCIAL FORM
2464 Oliver Building
Pittsburgh, Pa.

Z^Hm Offices in 19 Principal
ALUMINUM American
.
. Cities
. '

ALUMINUM
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mark
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The Last Word
f .

20

Y

■

\ A / HAT appears to be the final answer to
* the questions
over the
of" Greenwich
Mean that
and arose
Greenwich
Civilmeaning
Time,
as used in the list of short-wave stations in the
May issue, has come from Captain C. S. Freeman, U. S. N., Superintendent of the U. S.
Naval Observatory. The necessary corrections
for the errors which occurred in the original list
appeared in this column in the August issue, but
we appended a request for information as to
whether there was any recognized system of
time computation which used a day starting at
noon. Captain Freeman answers:

Superheterodyne Sensitivity . . . ShieldGrid Amplification.

To the Editor:
There is no longer any time in use by which
the day is reckoned as beginning at noon. That
kind of day was called the astronomical day, and
was used principally by astronomers, navigators,
and persons engaged in longitude determinations. In making their computations, the above
mentioned persons used data from the national
ephemerides (astronomical ephemerides). Beginning in 1925, all the national ephemerides
discontinued the use of the astronomical day,
and
all users of these publications changed accordingly.
It would have been better probably if the term
"Mean Time" had not been continued in use in
referring to the day beginning at midnight. However, its use has not been due to confusion in
the minds of the users, since among them are
the astronomers and time authorities of Europe,
who undoubtedly understand the significance of
the terms involved.

Stable Operation . . . Completely Shielded Throughout.
Easy to build . . . Can be Assembled,
Wired and Put into Operation in One
Evening. No Special Knowledge or
Experience Necessary.
Most of the Wiring Completed and the
Circuits Balanced at the Factory . . .
Only a Few Wires to be Installed by the
Builder in Accordance with Color Code.

The matter may be summed up as follows:
Greenwich Mean Time (G. M. T.) and Greenwich Civil Time (G. C. T.) refer to the same system of time computation, the first being the European designation and the second the American designation. This system of computation
begins its day at midnight (o hours) in the longitude of Greenwich, England. No system in use
to-day begins the day at noon.

Easy to build . . unequalled performance .. at a price you
will he glad to pay
Marvelously Realistic Reproduction . . .
Remler Audio System . . . Perfect Control of Volume from Maximum to a
Whisper.
Simple to Operate . . . Expert Results
for Every Member of the Family.
All the Selectivity that Could be Desired .. . Clean-Cut Separation of Stations on Adjacent Channels.

Eliminator or Battery Operated.
Combined Power Amplifier and Plate
Supply . . . CX 350 (UX 250) Power
Tube . . . Full Wave Rectification . . . B
Voltage Regulation Provided for.
Steel Chassis Amplifier Construction . . .
Compact and Rigid.
Power Transformer Primary Tapped
for Different Line Voltages.

REMLER POWER AMPLIFIER
The
story of intheBulletin
"29, " what
does,
is complete
No. it17.is and
Signwhat
the itcoupon
for your free copy.
Remler Division. Gray & Danielson Mfg. Co.
260 First Street, San Francisco, California.
Gentlemen: Please send me:
□□ All
the "dope"
''29". set builders.
Bulletin
service onfor theprofessional
Name
Address
City
State.
Do you build and sell sets?

Volunteer Proof Readers
IT SEEMS that our embarrassment in the Sep*■ tember issue over the presence of errors in
these pages has inspired several readers, ambitious for the position of million-dollar proof
reader, to point out several other mistakes in
the September number. However, since each of
the two correspondents quoted below points
out only one error, and fails to find the error
noted by the other, the lucrative position in the
proof room remains vacant, and the firm is
still holding on to the million dollars.
To the Editor:
After reading the article in the September
Radio Broadcast on page 308 in regard to
mistakes, I hardly have the heart to write you
about a glaring error on page 253 of the same
number. But really, your contributors, compositors and proof readers should know the
difference
betweenstrange,
"flaunting"
and "flouting."
It seems rather
but almost
every time
I have seen the word "flaunting" used recently,
especially in the daily press, the writer has actually meant "flouting." "Flaunting the constithe 1 8th
to be
a favoritetution, (orphrase
withamendment)"
the newspaperseems
writers.
I would suggest to the editor of every newspaper and magazine that a little notice be put
up in the office to the effect that the words
"flaunting"
and "flouting"
not bebe
used
at all. Then
there will behadno better
confusion
tween them.
B. R. White, New York City
(Continued on page 388)

Specially Designed
for
A. C. Detector Tubes
Spring supported, shock absorbing.
The perfectly
tube holding balanced
element "floats"
on
springs.
Reduces microphonic disturbances,
tends to lengthen life of tube and
lessens the possibility of shortcircuiting closely spaced tube
elements.
Y-Type, Green Top, for 5 Prong
A C Tubes: for mounting on top
of panel,
Sl.OO;75c.
for direct attachment to panel,
Red Top, for Standard UX Type
Tubes: For mounting on top of
panel, 75c.; for direct attachment
to panel, 50c.
Shelf Supporting
Brackets

A decided advantage for the neat
and substantial construction of the
set. Use when panel and subpanel
are assembled to make one complete
removable unit. The Adjustable
Brackets permit panels to be
mounted vertically or at any desired
angle.
No. 8629 — Rigid — 70c. per pair
No. 9029— Adjustable— $1.25 per pair
At all Radio and Electrical
Dealers and Jobbers
Benjamin Electric
Chicago Mfg. Co.
120-128 S. Sangamon Street
New York
247 W. 17th St.

San Francisco
448 Bryant St.
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Majestic

Music —

From

Your

BROADCAST

Martial

Volume

Present

equal to the coronation music of Rheims Cathedral,
can be obtained by adding a Samson PAC2 which
will also eliminate all A, B and C batteries with
their attendant care and replacement.
Rich bass notes, remarkable clarity and a volume
which can be controlled from a whisper to 7 watts
— sufficient undistorted power to operate 12 to 16
loud speakers or 500 to 700 headsets.
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Radio

Set

Price without
tubes $175.00

Samson PAC2 Amplifiers are designed to meet AIEE Standards
and Underwriter's Requirements. Nothing is left to chance —
even the filter condensers are built to our own rigid specifications. Compensation is provided for 105 to 120 volt, 50-60
cycle current. External voltages are provided for 45, 90 and
227's and five 226's
for two
current
raw AC tube
135B,
tubes.
An 874andregulator
is used
to maintain B voltages.
When used in conjunction with tuning units PAC2 Amplifiers
are ideal for supplying music or instruction to schools, hospitals, apartments, clubs, etc.

Send for folder R. B. on Samson Amplifiers

Main Office:
Canton, Mass.

Manufacturers
Since 1882
Factories at Canton and Watertown, Massachusetts
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AmerJkan

r
Push-Pull Power Stage for Dynamic Speakers
For best results, every dynamic type output transformers (zoo for working out of 2.10 type tubes or type 362.
speaker should be preceded by a pushpull amplifier. This is particularly for 171 type tubes). Both the zoo
true because they reproduce frequen- and the 361 have the secondary decies as low as 30 cycles and the
signed for connecting directly to the
attendant hum from raw AC on the moving coil of the speakers. Comfilaments of power tubes is greatly
pletelysistances.
wired with
sockets forandcone
reAlso available
pronounced unless filtered out by a
type speakers and for both 2.10 and
push-pull amplifier.
The AmerTran completely wired
171 tubes.
Licensed under patents owned or
push-pull power stage has been
specially designed for dynamic speak- controlled by RCA and may be
ers. Consists of type 151 input and bought with tubes.
Price complete (without tubes)
$36.00
(slightly higher west of Rocky Mountains)
"Write us for hook-up
of this remarkable instrument.
AMERICAN
TRANSFORMER
COMPANY
Transformer Builders for more than 28 years
283 Emmet Street, Newark, N. J.

To the Editor:
In a spirit more of sorrow than of censure, I
am writing to call your attention to what appears
to be a grave discrepancy in a certain paragraph
notice contained in the copy headed "Here and
There" on page 255 of your September issue.
And curtoin thethink
should
ocsamethatissuesaidin discrepancy
which the little
article
"Our Mistake" unfolds its shameful tale, is
enough to make any lover of Radio Broadcast
break down and weep. However, you evidently
said your "prayer to the radio gods" with little
or no faith, for, lo, the "letters are already commencing to come in". Which "ain't no way to
Now don't think for one moment that / discovered above mentioned error — for I didn't;
I am chronically near-sighted and sadly afflicted
with "neglectitis" when it comes to details —
how I loathe the word! But one of our Arguspray"!
eyed
announcers (he's lots of other things around
here, too) sorrowfully pointed it out to me —
"and to think it's in our dear ole Radio Broadcast too," he sobbed. And so, I hurried straightway to my typewriter and decided to call your
attention to it immediately, thinking maybe
you
might "million-dollar-a-year
wire that Mencken man thatreader",
you'd
found
as that his
salary would come in rightproof
handy.
On Page 255 in September issue, you will
note, in black and white, that the "cost of broadcasting the Republican National Convention
through 42 stations amounted to $77,000, or a
little over a dollar a minute." And right there
we've
You Oldmean
seconds,
of the
course.
For hadgottheyou!
Grand
Party
been on
air
72,000 minutes as you say, it would have sure
been some convention, as it would have broadcast 1200 hours or 50 days. Beats the Democratic
1924 record byGene
aboutBrown,
4 weeks(Station
solid. wbal)
Baltimore, Md.
Furthermore, we ourselves have also discovered afew typographical pecadilloes, which
we are not going to mention for the reason that
we want to keep our job.

Java on the Air
CROM George E. Morcroft, Pittsburg, Pa.,
* comes this interesting news of the new
radiotelephone service between Holland and
-against 30 seconds to a minute for
other tubes... Arcturus 127 A-C Detector Tube — quickest acting, longestlasting... Proved by test to have useful
life far in excess of 1,000 hours... For
quicker action, better tone, longer tube
life — put an Arcturus A-C
Tube

Long Life

in every socket. ./'Get Action

with Arcturus Tubes — quicker, better."
Arcturus
radio company
255 Sherman Avenue
Newark, New Jersey

TURU

To the Editor:
In your September issue (page 256) I noted a
Java:
little news excerpt in which you told of the opening of a high-frequency radiotelephone system
between Holland and Java, but you were unable
to give details "as the dispatch from abroad was
If you are interested in further information as
to these stations I would like to say that the
Dutch station involved is pcll at Kootwijk,
Holland, on a frequency of 16,300 kc. with a
garbled."
power
input of 32 kilowatts. I have often received this station and have had reception confirmed. The Java end is taken care of by two
transmitters which are modulated at the same
time, according to a letter I have just received
from the Chief of the Radio Laboratory at
Bandoeng, Java, confirming my reception of
one of these stations, anh. The two transmitters
are anh, at Malabar, Java, on a wavelength of
17.0 meters, and ane at Bandoeng, Java, on
also conThe letter
meters.
15.93 tains
the information
thatfrom
musicJavais broadcast
several days a week from ane on a wavelength
of 15.93 meters from 1300 G. C. T. to 1750
G. C. T. (8 a. m. — 12:50 p. m. — Eastern Standard Time). The telephone communications are
carried on on Tuesdays and Thursdays from
1500 G.
T— pcll
1700atG.Kootwijk,
C. T. (10
a. m— also12
noon
E. S.C. T.).
Holland,
{Continued on page 390)
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Knapp

"A"

Power

Kit

Top view showing built-in
guide for tube prongs

This is the
" power after
have assembled it. A"Aprofessional
job!youOperates
on
105 to 120 volts, 50to 60cyclesAC. Supplies
rippleless DC current for operating any set
using Standard 5 or 6 volt tubes and power
tubes.

Greater
EfficiencyImproved
Bottom view without base
showing contacts
SOCKETS
Eby Sockets have
1. Good looks that will improve
the appearance of any set.
2. Grooved tops to guide tube
prongs.
3. New and improved prongs providing long, tight spring contact. High current carrying
capacity and low interelectrode
capacity. Ideal for use with
A. C. tubes.
List price UX type 40 cents
UY type 50 cents
BINDING POSTS
Eby Binding Posts are
all that binding posts
could be.
Completely insulated
with non-removable
tops engraved in popular markings.
TIP JACKS
Eby Tip Jacks have countersunk tops so that the pin
can't wobble. Equipped
with red and black Bakelite washers for insulating
from metal panels. List
price 25 cents per pair.
TheH.H.EBYMFG.CO.,Inc.
4710 Stenton Ave.
Philadelphia, Pa.

Design

and

Price — Money-making

Appearance — Lower
Plan

for Set-Builders

You rad io fans who made my "A" power the lar ges t selling "A" power
last spring have made it possible forme tooffer thefinest" A" Power
ever developed — in Kit form — even more complete than before.
Study the illustrations — read the improvements — and you will
wonder how I was able to reduce the price. You are the answer. I
sold 5 times as many " A" Powers as I expected to — and this season
I am counting on you to help me again by buying even more.
The 8 Improvements
1. Larger Filter System — 3 Elkon
Condensers instead of 2. Ideal
for Super Hets and Short Wave
Sets.
2. Improved Choke Coils
3. Pendant
Switch Controlling
"A",
"B" Eliminator
& Set
4.
5.
6.
7.
8.

Dial for regulating voltage
Celeron Front Panel
Baked finish
Heavier gauge metal cover
Die Cast Base Pla te insteadof wood

COMPLETE KIT — EASILY
ASSEMBLED
Likenry Kitlastyear, the New Knapp
Kit is a tooled job — the parts seem to
fall into place. Every hole is drilled —
all that it is necessary for you to do is
to put the screws and nuts in place
and connect a few wires. Everything
is supplied. Nothing for you to buy
extra. The fool-proof instruction
sheet makes it easy for anyone to
assemble.

THE

SET-BUILDER TAKEN
CARE OF
You set-builders played with me (as
the saying goes) and I am going to
continue to play with you. My engineers have designed an "A" Power
which is well-nigh perfect— my production men, based on tremendously
large quantities have cut their cost,
so that I cankeep faith
with you by reducing
the cost. And regardless of what the established trademay think
about it — I am going to
continue to give you the
maximum discounts.
The coupon will bring
you the full details of
both thenew"A"Power
and the special discounts to Set-buildeiS. David W. Knapp, Pres.
KNAPP ELECTRIC, Inc., Port Chester, N.Y.
— Div. P. R. Mallory & Co., In,
Mr.
David
W. Knapp, Inc.,
President,
KNAPP ELECTRIC,
334 Fox Island Road, Port Chester, N. Y.
Kindly send me complete information on the
Name_
Knapp
"A" Power and your special discounts for
Set-Builders.
Address^
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(Continued from
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transmits musical programs 1300 G. C. T. —
1650Wednesdays.
G. G. T. (8 a. m.— 11:50 a. m. E. S. T.)
on

it!
Another Kruse Fan

Short- Wave
PLUG-IN

COILS

Wound with a definite space between turns, wire anchored and
supported by a thin film of strong,
efficient dielectric material.
Distributed capacity and resistance are minimum. Widelyspaced plug-in terminals. Adjustable primary held in position by
friction.
The Standard 3-coil set (illustrated) covers themfd.
15-107Condenser.
meter range
.00014
Otherwithcoilsa
available for from 8 to 215 meters.
Short- Wave

CONDENSERS

"Midline" or "S. F. L"
Hammarlund Short- Wave Condensers are farfamed among fans and engineers alike.
Accurate capacity ratings; smooth-turning rotor
with full-floating, removable shaft; cone bearings;
soldered brass plates, permanently aligned with tiebars; sturdy die-cast frame; Bakehte dielectric; large
phosphor-bronze pigtail; friction adjustment.
Available in .0001, .00014 and .00025 capacities.
Radio-Frequency
CHOKE COILS

Send 10c.

A specially developed
method of winding and
impregnating assures
minimum distributed capacity. High impedance.
No pronounced period.
Current-carrying capacity, 60 milliamperes.
Two sizes: — 85 and 320
millihenries.

for the
HAMMARLUND
SHORT-WAVE
MANUAL
Brimful of
Useful Data
HAMMARLUND
MFG.
424-438 W. 33rd Street
New York, N. Y.

Fahnestock

CO

Clips

RADIO'S GREATEST CONVENIENCE
Used by Manufacturers of Standard Sets and Parts
— and by Manufacturers of High Grade Wet and
Dry Batteries.
ALL GENUINE
FAHNESTOCK
CLIPS
bear our imprint on the thumb
piece of the clip.
WORLD'S LARGEST MAKER OF CLIP TERMINALS
48 different sizes and styles to meet all requirements.
Send for Catalog and Samples
FAHNESTOCK ELECTRIC CO.
L. L City
New York

Gkrv Setter RjocUjCk
a in marly
rid
F> Ft. £ C I S I O N
PRODUCTS

RADIOfour FANS,
Radio Broadcast
will cost
you
dollars,a one-year's
two years subscription
six dollars. toConsider
this expenditure
as being a necessary investment on your part for the future development of your own knowledge of Radio.

Wholesale
Prices
Everything in Radio kits, parts,
accessories, sets. Improved designs and styles. Big selection at
worthwhile saving. Immediate
service; personal attention. Send
for complete, illustrated Catalog "A- 1." Wholesale prices.
Allied Radio
CORPORATION
f II. W. LAKE STREET, CHI CAGO

IN THE September number we spoke of the
* enthusiasm accompanying the addition of
Robert S. Kruse to our list of authors. It hasn't
stopped yet. To prove this we quote from a letter fromMines,
Alphy P.L.Q. Blais (ve-2AC — ve-2As),
Thetford
To the Editor:
When R. S. Kruse signed off from QST, 1
thought he was lost to the amateur world. It was
a great and comforting surprise to meet him
with the R. B. gang — still keeping on the same
"amateur spirit." Gosh, I'm glad he's with us
again
5-meter
trance.— and
Give that
us more
and band
more hasof got
it. R.me S.in K.a
has a way all his own to make, one understand,
and nobody can go wrong when following his
instructions.
The radio work done here at ve-2ac, ve-2as
(O. R. S. of A.R.R.L.) is mostly amateur trafon 20withand little
40 meters.
bandfic ishandling
tackled
results The
due to10-meter
heavv
local QRM.
I believe it would be very useful for us if R.B.
were to give us an article on a frequency meter
for the amateur bands. With the new laws coming in 1929 our old equipment goes kerplunk.
Kruse is familiar with our wants and can give
us a hand.
In 1923 I wrote to Radio Broadcast saying
how good a magazine it was. In 1924 and 1925
also, especially commenting on Keith Henney
and
his 1926
"Home
unsurpassed
far. In
and Lab."
1927 I articles,
wrote again
giving youso
a cheer, and in 1928 it would take a book to
write my praise. Radio Broadcast has reached
a point where everything in it needs praise and
no knocking. With QST you are the perfect
magazine. Your advertising policy is very fine,
and I side with you — no trash, only quality.
Wired Wireless
WIRED wireless is up for discussion again.
On page 10 of our May issue we discussed
editorially the probable place of wired wireless
programs
respect toWired
"space"
broadcastingwith
of programs.
wirelessor hasradio
its
place, but we feel that it does not yet offer
serious competition to radio broadcasting. In
St. Paul, Minnesota, as in several other communities in the Middle West, wired wireless
programs are being offered commercially. The
letter below is from a St. Paul resident whose
name is omitted for obvious reasons.
To the Editors;
The St. Paul wired wireless system is comprised of a central receiving station where the
programs
up onthea land
well-designed
receiver andare
thenpicked
put over
wires to the
subscriber'shashome
higha speaker
amplification.
The
subscriber
nothingat but
in his home,
with some sort of resistance volume control.
The operator at the central station either picks
the programs off the air, or, in the absence of
suitable programs, puts on a little Orthophonic
music for the subscribers — rather a limited service for $5.00 monthly! However, I am of the
opinion that the A. T. & T. may furnish the St.
Paul wired wireless concern with the blue and
red networks of the N. B. C.
In talking over the wired wireless situation
with fellow members of the radio trade, I have
run into the argument of what will the advertiser
do if wired wireless should predominate over the
radio. In my opinion, the advertiser would be
assured of a more regular audience than he is at
(Continued on page jgz)
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LONGER
VLIFE

p«OM©WNCED
— CO
RadioTubes

tall a set
N Co you ins
WHEof
Ce
Tubes in vour
radio, you immediately notice
the greater clarity of reproduction— the increased sensitivity and the better volume.
But your greatest satisfaction
will come with their longer

'Tush-pull

operating life — making CeCo
the most economical tubes to

impedances

transformers
to

match

with

power

buy, and worthy of their slogan "they cost no more, but
last longer". This is made
possible partly by the exclusive method of evacuation.
To

avoid disappointing results, make sure each socket is

with CeCo tubes."
equipped for
Whether
battery or A. C.
operation. There's a CeCo
for every radio need — including "special purpose" tubes
that are not obtainable elsewhere. They are sold by leading dealers everywhere.
Tune in Monday Evenings to
the nearest of the 18 Columbia
Broadcasting stations and hear
the musical program of the
CeCo Couriers— 8 P. M. Eastern time, 7 P.M. Central time.
CeCo MANUFACTURING Co., Inc.
PROVIDENCE,
R. I.

tubes

and

dynamic

speakers

Type "BX" Input Transformer has extremely high
primary inductance.
Secondary accurately divided.
Price, each
$6.50
Type "GX-210" Output Transformer. Especially
designed for push-pull amplifier using UX-210 or
CX-310 tubes. Secondary connects directly to moving coil of dynamic speaker.
Price, each
$6.50
Type " HX-171 " Output Transformer. Same as
above except impedance matches UX-171, CX-371,
or UX-250, CX-350 tubes.
Price, each
$6.50
Free circular giving audio hook-up and complete
information on request

SANGAMO
ELECTRIC

COMPANY

Springfield

Illinois
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Tne Viglieri Group of Gen. ^Tobile's ill-fated were filled with music and the spoken word,
expedition vas lost on an ice-floe in tne Arctic, ready to be chosen and enjoyed by any owner
tut listened nightly to trie news flashes and con- of a simple broadcast receiving set, here was a
certs from Pittshurgh and other American and greater miracle.
European hroadcasting stations. And day hy day
A greater miracle still has been the developit sent out a call for help which was heard
ment in the use ol short waves. These nave cirand as we ltnow, answered before it was too late.
cled the globe and made possible the messages
that saved the lives and reason of the lost Italians.
"N"ew wonders of science become accepted facts
in our lives in such rapid succession that the
A iShort-\Vrave Receiving 5et will make you
wonder soon wears off.
able to hear easily radio broadcasts from all over
The first messages from ship to shore and shore the world. Alore and more stations here and in
to ship were indeed miracles. Here was a degree Europe, Australia and ^Tew Zealand are putting
of safety never found before in all the centuries their programs on the sh ort-waves. N L'w marvels
of seafaring. \Vrhen the channels of the ether are waiting for you and your friends.
"NATIONAL
COMPANY
INC. short-wave
has developed
new sets
and employing
tetter equipment
for the
simple
construction
of non-radiating
receiving
the A electrode
222 Tube. This equipment is described in our Bulletin No. 131-B. YVVite us for it today.

NATIONAL

RADIO
PRODUCTS
CO. INC.
W. A. READY, PRESIDENT
MALDEN.

4TH EDITION
Just Off Press
"RADIO THEORY and OPERATING"
by Mary Texanna Loomis
The standard radio text and reference
book of America. Nearly 900 pages,
over 700 illustrations, flexible binding.
PRICE $3.50— Postage Paid
For sale by hundreds of bookdealers
throughout America and many foreign
countries. Or may be purchased direct
from the publishers. Send check or
money order to
LOOMIS PUBLISHING COMPANY
Dept. 10
Washington, D. C.

MASS

Why not subscribe to Radio Broadcast? By the year only $4.00;
or two years $6.00, saving $2.40. Send direct to Doubleday,
Doran 6? Co., Inc., Garden City, New York.

Jm
Wholesale «j
*
Prices
'
Tremendous stock and sales vollume, with rapid turn-over to the
thousands of radio dealers we
serve enable us to make you
worthwhile savings at lowest
wholesale prices. Write for latest, new illustrated Catalog "A-i"
Allied, Radio
v
Til W,COR
LAKE PORATJON
STREET, CHICAGO

present able to get by radio with its weather and
interference problems to contend with. Say
that the subscriber had a choice of two national
programs over his wired wireless installation, as
is possible in one Minneapolis hotel, the chances
are he would be more apt to be listening during
weather that is ordinarily bad in radio, yet would
not affect the telephone lines carrying his wired
wireless programs to his home.
Radio can be greater than wired wireless could
ever dream of, but its broadcasters must be progressive and not allow two or three chains to
corner the entertainment features of the country.
Because of a lack of power and talent on the
part of Midwest broadcasters, we here must
look to the chains and if it is the chains we must
look to very long, the fickle public can be
quickly won over to the possibilities of the telephone companies bringing these programs into
their homes, free of static, interference, squeals,
etc. To show you just why this would be so easy
to bring about I give you a little idea of what the
listener in these cities is up against.
Chicago, while close to us, is not heard
regularly nor well enough, as a rule, to be
termed consistent entertainment. Neither are
Michigan broadcasters. Omaha and Des Moines,
as a rule, come in like locals day or night but now
devote most of their time to the red and blue
chains of the N. B. C. With but few exceptions,
our two best broadcasters spend their efforts
toward rebroadcasting the chain programs. I
have heard it said time and time again by the
ardent radio fan that 95 per cent, of his listening
time is devotod tc listening to the chain features.
The recent action of Congress in really cutting
down super-broadcasting has played into the
hands of the big interests, who will some day
attempt to put this wired wireless idea across,
for unless we can have a sufficient number of
super-broadcasters to cover the country, the advertisers will boycott the independent radio
stations and in turn we face a loss of talent by
these broadcasters for lack of financial support
to put on their own broadcasting. The very life
of the radio industry depends on a sufficient
number of high-powered radio stations that can
be heard consistently and with a greater variety
of programs than is now possible for the average
radio fan to obtain.
The radio industry should feel alarmed at the
wired
late. wireless situation before it becomes too
American Interference Patrols
THAT the big light and power companies
of this country are as anxious as the radio
fan to remove the nuisance of man-made interference isevidenced by this letter from the Union
Electic Light and Power Company, of Saint
Louis:
To the Editor:
Our attention was first attracted to Radio
Broadcast by its articles on radio interference,
and in particular, the series of articles of Mr.
A. T. Lawton. It was to receive this series of
articles that our subscription was entered.
Our company has been quite interested and
active since 1924 in locating and removing all
sources of interference for which it is responsible.
11 has been somewhat discouraging at times when
this service, rendered voluntarily, has been taken
advantage of by many listeners and some dealers,
who have blamed all their troubles on "leaky
transformers." In most cases we have found
this situation was caused by ignorance of the
nature and source of interference. Many of the
early articles on interference in magazines and
newspapers strengthened this erroneous impression by the incorrect or misleading statements
contained in them.
Such articles as those by Mr. Lawton are not
only doing much to correct this misconception,
but are also of great assistance to those who are
earnestly trying to trace and eliminate interference. We hope to see more such articles.
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Goodwin

"VIVETONE
29"
Truly a Standard of Efficiency
for A-C

Manufacturers Whose
Standard Parts Are Used
in the "VIVETONE 29"

ELECT

WIRE

RAD

"BRAIDITE"
LOGIC
RADIO communication is here to
stay —
VARIABLE or other condensers are
essential component parts of most
installations —
CARD WELL CONDENSERS are
built to stay with radio and to last for
the life of your installation —
WHY putter?

HOOK UP

3<yv BeHflA. RadUoammarlund
PRODUCTS

All the parts used in the "Vivetone
are made
by radio's
most 29"
reliable
and reputable
manufacturers. Each part sets
the standard in its line and is

these quality parts in the "Vivetone 29" insures long and satisfactory service.

Cen^alab

The constructor and commercial
set builder can purchase all the

WARD-LEONARD

"There is a CARDWELL for every
tube and purpose."
High Voltage Transmitting Condensers
Transmitting Condensers for
Medium and Low Power
Air Dielectric Fixed Condensers
Receiving Condensers
LITERATURE UPON REQUEST
THE ALLEN D. CARDWELL
MFG. CORPN.
81 PROSPECT ST., BROOKLYN, N. Y.

est
embodies to the highthat
a e receiver ures
is
HERE
ree
deg
thos five feat
of paramount importance,
namely — Sensitivity, Selectivity,
Quality Reproduction, Beauty of
Appearance and Simplicity of
Construction with resulting Ease
of Operation. In measuring up
to these five necessary requireciency. ments the Goodwin "Vivetone
29" is truly a standard of effi-

recognized
as such The
by use
radio'sof
leading
engineers.
XflORDARSOfJ

Scores of special condensers may be found
in course of construction at any time in the
Cardwell Factory, engineered and designed
for the foremost constructors of commercial
transmitters and broadcasting stations. The
regular tofore,
CARDWELL
line includes,
as herethe condensers most
widely used
and
in demand.
What is your problem?

Operation

parts
used dependable
in the "Vivetone
from any
dealer. 29"
BLUE

Reg. U S.Pat.Off.
DAVEN
DRILLED AND ENGRAVED
WALNUT MICARTA PANELS
FOR ARE
THE AVAILABLE
"VIVETONE 29"

Goodwin
167 Glenwood

PRINTS

FOR THE "VIVETONE 29"
Send today for the four complete
full sized constructional blue
prints incorporating every detail
for the construction of the "Vivetone 29." Enclose $1.00 to cover
cost of mailing and the actual
cost of the blue prints.

Radio
Ave.

Research

Lab.

Jersey City, N. J.
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Build a
Daven Television
Receiver
Complete Essential Kit, $60.00
hook-up wire
The Braid Slides Back

Cuts

r
Flat
on***
the
Floo
lies
foLte
Under

the

Rug/

ADVERTISER

Wiring

Time
in Half
Shove back the insulation, solder
the connection and the braid slides
back into place, leaving no exposed
sections of bare wire. Braidite
is the quickest and easiest working hook-up
wire made.wire and as
Safe
as insulated
convenient as bare wire. You
cannot scorch or burn Braidite
with a soldering iron. Use Braidite
in the next set you build.
At All Dealers
25 Feet Stranded
35c
25 Feet Solid
30c
Red, Green, Yellow, Blue, Black.

and
namedealer
Send us ottheyour
FRFF address
and we will send you a sample
e iocoffor Braidit
packagclude
Postagee. FREE. InCORNISH
38 Church Street

WIRE CO.
New York City

withfirsteither
T-36Furnished
or T-48
THEScanning
complete
Kit.
Disk,T-24,Motor,
Bushing,
Rheostat, Daven Television Tube,
3 Complete
Stages ofandDaven
Television Amplification
Instructions
for
Building.
Daven Television Receiver, Comincludingamplifier
Television
$100.00plete,Less
Tubes.Tube —
DAVEN TELEVISION
APPARATUS
Daven
Television Scanning Disks
24 T-24
36
T-36
48 T-48
Comb. Disc with 24, 36 and 48 Apertures T-468 .
Daven Tele. Amp. T-3
DavenandSpec.
Telev. Tubes
Amp. 171,
T-4 210,
for 2 250
Hi MuTypes.
Tubes 12.50
•3-50
2 power
Daven Telev. Neon Lamp, 20 to 80 Milliamperes
1. 00
17.50
100 Plate ij"xil"
DavenStriking
Telev. Voltage
Motor
27.50
Daven
toforfit48\",Aperture
-fe and fdisc
" Motor Shafts
Daven Bushing
Bushing
2.15
Daven
Rheostat
20.00
Daven Telev. Photo Elect. Cell if" Bulb
2.25
Daven Television
Telev. PhotoCouplers.
Elect. Cell 3" Bulb
Daven
1st Stage No. 421X D-421XX
2nd Stage No. 422X D-422XX
Stage No.
423X forD-423XX
x3rdGlastors
are used
Grid and Plate resistors 4.65
xx Super Davohms in PJate and Glastors in Grid 37-50
DavenTelevision
AC 71 forLamp
output tubes in seties with 3-50
Daven AC 10 (for brighter illumination)
Daven Mu 20 Hi Mu Tubes for Amp. Stages. .
Daven Mu 6 Power Tube
Send 2C stamp for new Television Booklet
THE DAVEN CORPORATION
3.50
Amplification Specialists
3.50
190 Summit Street Newark, N. 9.00
J.

Put your set and loudspeaker
anywhere. Place them as far
apart as you wish. Then connect them with the wonderful Belden Extension Floor
Cord. It lies flat under the
rug. Out of the way — no
wiring — no fuss. Get one at
your dealer, now !

%1E

Belden
Mfg.
Company
S. im-A
Western
Avenue
Chicago

OO

Insures

TROUBLE?
Yl* your set or power
1 1 work,
pack refuses
or you wantto
to improve the quality
of reception or increase
selectivity —
If you want to modern " ize and electrify your
present receiver —
Let US help you solve your difficulty
For example: It will cost you only from
$5.00 to $10.00 for the repair service
consisting of testing the receiver, tracing
the trouble and then repairing it. The
set will then be shipped to you in perfect
operating condition and guaranteed.
For further details address
SILVER RADIO LABORATORIES
31X4 Mapes Ave.
New York, N. Y.

YourACTubes
The Vitrohm 507-109 Unit costs
$2.00. Installed on your radio set,
it lengthens a. c. tube life by automatically lowering filament voltage.
Attached in a moment — Nothing
combustible — Nothing to wear
out — Does not get excessively hot.
It consists of a Vitrohm Resistor
mounted within a perforated
metal cage, a plug, and a receptacle.
Write for free information on this
and other Ward Leonard Radio
Products.

WARD

LEONARD

ELECTRIC

CO.

Vernon
newyork

RADIO
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Increased

Amplification

Enjoyment
Improved

of Radio
with

this

new

Quality

valve

Wire Your
Home for
Radio
Yaxley
Radio Convenience
Outlets
Enjoy your radio programs in any room in the house. Put
the
batteriesconnections
in any out-of-the-way
place. point.
Bring These
aerial
and ground
to most convenient
outlets
fit
any
standard
switch
box.
Full
instructions
with each outlet.
No. 135 — For Loud Speaker Connections SI. 00
No. 136 — ForConnections
Aerial and Ground
1.00
No. 134 — ForConnections
Several Loud Speaker
2.50
No. 132 — 12Connections
Conductor — For Power Pack
3.00
No. 137 — 7 Connections
Conductor — For Battetv
2.50
No. 138 — For AC Connections
1.00
Also furnished in two and three plate gang
combinations
WITH BAKELITE PLATES
Now furnished with a rich satin brown BakeHte plate, with
beautiful markings to harmonize, at 25 cents extra.

Cable Connector Plug
Complete as
illus5-foot
cable trated
and withcable
markers. Mounting
plate mounts on
panel byBakelite
means
ofbasebracket
construction; positive
contacts; nospring
loosening
of pins or springs
in soldering. You
cannot put the Cable Connector Plug together improperly.
Ail terminals and cable ends plainly marked.
No. 660— Complete
$3.00
Junior Rheostats and Potentiometers
Small in size — IiV' diameter
— yet have exceedingly fine
adjustment. Contact arm rides
smoothly on resistance strip.
Extra heavy metal base and
an expanded metal regaining
cup help dissipate heat, retarding overheating. Mount in fa"
panel hole.
Junior Rheostats, with knob, ratings up to
400 ohms
$0.75
No. 51000— 1000 ohms
1.00
Junior Potentiometers, with knob, ratings up
to 400 ohms
1.00
loco, 2000 and 3000 ohm sizes
1.25
Colored Phone Tip Jacks
Have distinctive colored
caps, red for positive side of
loud speaker and black foi
negative side. Cap is of
Bakelite. Take standard
Phone Tips. Phone tips nest
all the way in Jack, making
excellent spring contact.
Lessens danger of shorts. For Bakelite or metal panels.
No. Per
422 Pair
— Insulated Colored Phone Tip Jacks
$0.25
At Your Dealers
YAXLEY

MFG.

Harold P. Donle's
Latest Achievement
The inventor of the famous
Sodion Detector valve brings
out this DA2 6-volt amplifying valve which can be used in
any type D. C. set with no
changes.

Full size illustration of the
DA 2 amplifying valve.
Price #3.00 each.

Here is what some of them say:
"We seem to obtain far greater volume and clarity."
"Really, it is the most marvelous valve I have ever
come in contact with."
"I have tried two of these tubes in my regular tuned
radio frequency broadcast receiver, and I am delighted
with the increase in volume and distance obtained."
"Received

the four tubes ordered, to-day. Must say

that they even exceed all my expectations."
"It is a pleasure to report that the three tubes I received from you Saturday have increased the sensitivity
of my Hammarlund-Roberts Hi-Q to a considerable
degree. I also tried one in the R. F. stage of a Browning-Drake and there too, the gain was considerable."
"Excellent for low wave sets"
If your dealer has not yet received his stock, mail orders will be
promptly filled upon receipt of check.

CO.

Dept. B, 9 S. Clinton Street
CHICAGO, ILLINOIS

Amplification for both audio
and radio frequency are greatly
increased, and the quality of
your set vastly improved.
Those that have tried these
valves are enthusiastic about
them.

The

Donle

Electrical Products Corporation
MERIDEN, CONNECTICUT

RADIO
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transAformer
"A" FILTER

and

Tobe TransAformer consists of a step down transformer and a 3
ampere rectifier unit completely assembled in one unit. Fits neatly
on top of a Tobe "A" Filter as shown.
No wiring required, just plug into the
house supply.
DON'T
the "static"
comesmotors,
in overstreet
the
house letlighting
systemthatfrom
cars, telephones and electrical appliances mar your
radio programs with blare, squeal, fry and scratch!
Plug in a Falck Claroceptor between wall
socket and set and have clearer A.C. reception. A
wonderful new improvement by a pioneer radio
equipment manufacturer. Grounds and thus blocks
out line interference noise and radio frequency
disturbances. Also improves selectivity and distance. Requires no changes in set. Measures just
3/4x5S4x2j^ inches. Tested, proved. Praised by
thousands. Get one right away — at radio parts
dealers. Write for descriptive folder.
cordcomplete
and plugwith
$7.50

The Tobe "A" Filter and the Tobe TransAformer make a good, complete A Supply.
The same Tobe "A" Filter attached to any
good two ampere charger such as a Tungar,
Rectigon or even a good Electronic charger,
will make a complete A Supply.
Tobe "A" Filter
$18.00
Tobe TransAformer
$15.00
Tobe
A
Supply
includes
Tobe
"A"
Filter
and Tobe TransAformer, completely
wired and assembled. 8 tube capacity 33.00
TOBE

DEUTSCHMANN

CO.

Canton, Massachusetts

Send
Your Tubes
STEADY AS THE STARS
When AMPERITE- Controlled
Don't let "A" battery current fluctuations spoil
your radio reception or ruin your tubes. Install
Amperites and automatically keep tbe filament
temperature constant according to tube rating.
Entirely unlike fixed resistors. With AMPERITE
control tubes last longer and your set sounds
better. Panel arrangement improved and wiring
simplified. Tuning is easier and volume is increased. Atype for every tube — battery or A. C.
[mouDtjnelia
all dealers. Jj *>^Qfftai/
50 FRANKLIN ST.,(Botttpatty
NEW YORK

For

New

Radio

Book - - It's Free
New receivers
hook-ups.and This
how How
to make
wave
short book
wave shows
adapters.
to useshort
the
new screen grid tube in D. C. and A. C. circuits. How
to build power amplifiers, ABC eliminators. Up-to-theminute Send
information
all new radio developments. It's
free.
for copy onto-day.
KARAS ELECTRIC COMPANY
4033K2 N. Rockwell Street, Chicago
Name
St. and No
City and State
4033K2
RADIO
PANELS
BAKELITE — HARD RUBBER
Cut, drilled and engraved to order. Send rough sketch
for estimate. Our complete Catalog on Panels, Tubes and
Rods — all of genuine Bakelite or Hard Rubber — mailed
on request.
STARRETT MFG. CO.
521 S. Green Street
Chicago, III.

She 'SELF-ADJUSTING'KWtf/

CLAROCEPTOR
Built by ADVANCE ELECTRIC CO.
1260 W. Second St.
Los Angeles, Calif.
JOBBERS and DEALERS, GET OUR PROPOSITION
Be an EXPERT
RADIO
OPERATOR

Good pay, travel,
ire.
This will
wonderful
excitement,
adveuInstrument
teach
you
to
rend
the
code
like
time.
Reproduces
actual
only
an
expert
in
half
the
usual
JUST LIKE
sending
of
expert
operators.
Sends messages, radiograms,
newspaper
matter, etc.
— regular
HAVING AN EXtraffic anywhere,
anytime
and
PERT
OPERA- listen. Easy and fascinating. Strong,
TOR
IN
YOUR
HOME
f at any sPeed- AH J°» have to do Is
Only f instructions.
waxed tape-records
complete
code
Just whatcarry
you need
for home
practice. You'll be amazed when you hear It.
Guaranteed.-80"*1
$3.50 Satisfaction
for MIDGET TELEPLEX
with lessons, or
$5.50 for complete set with high-frequency key and
buzzer. Satisfactioji guaranteed. Send Today.
TELEPLEX COMPANY
72 Cortlandt St.,
NEW YORK CITY
This is a good time to subscribe for RADIO BROADCAST
Through your dealer or direct, by the year only $4.00
DOUBLEDAY, DORAN & COMPANY, Inc., Garden City, N. Y.

SET BUILDERS
Write us for new illustrated
Catalog "A-i" containing all
the new and popular kits in
radio. Our tremendous stock enables us to give you immediate
service on all radio supplies at
wholesale prices.
Allied Radio
CORPORATION
Til W. L/VKE STREET, CHICAGO

■
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DESIGNED
New

and

Improved

Power

Amplifier

TRANSFORMER
for use with
U-X
The new A. C. Shield Grid
Browning-Drake assembly
is a combination of all the
most modern and advanced
ideas of receiver construction. The famous Kit has
been designed this summer
by Professor Browning for
assembly with shield grid
tubes, both A. C. and D. C.
For the first time this wellknown circuit has been reduced to single control,
while the tickler feedback
control is retained for the
exceptional sensitivity for
which it is noted.
Complete parts list at only
$59.45, the lowest list price
yet reached by a kit assembly of the highest quality.
Full constructional details
including full scale picture
wiring diagram may be obtained free on request.
We have some territory open
for exclusive distributors
and authorized dealers handling factory-built BrowningDrake receivers. Write for
our proposition on this line
which brings both profit
and prestige.
BROWNING - DRAKE CORP.
Cambridge, Mass.

BROWNING-DRAKE
^RADIO

250

TUBES

This newest Dongan Transformer is designed for full wave rectification using two
UX 281 tubes to supply B and C power to
receiver and power for two UX 250 Tubes.
There are two low voltage windings, one
for 226 tubes and the other for 227 tubes
so that you can build a power amplifier for
either the radio receiver or for phonograph
pick-up.
With No. 8529 Transformer use one No. 6551
double choke in filter circuit. Approximate D. C.
output from filter, 525 V 130 mils. Secondary voltages 650-650V, 170 mils., 1\ V 2\ amp. C.T. 7h V,
2i amp. C.T. 2f V If A. C. T. 1| V 4.2 A.

No eeoq— «ifi
*

Approved Parts for UX-250 Tubes
No. 6551 Double Choke. May be used where current does not exceed 250
mils
No. D-600 Power Amplifier Condenser Unit has been designed for use with
the CX 281 rectifier tubes, and CX 210 or 250 power tubes. Having a working voltage of 1000 volts and mounted, in crystal lacquered steel cases, they will be found unsurpassed for reliability
and stability. Unit contains sections of 2-2-4 Mfd
No. D-307 contains condensers of 4-2-1-1 Mfd. sections with a working
voltage of 400 volts for use in connection with D-600
No. 1177 A splendid straight power amplifier output transformer designed
for use with UX 250 P. A. Tube
No. 1176 Similar to No. 1177 but the Push Pull Type

$15.00

$16.50
$10.00
$12.00
$12.00

Set Manufacturers and Custom Set Builders
You
are
requested
to take now.
advantage
Dongan's will
verybe complete
facilities.in
All approvedcordially
parts are
in production
Promptof attention
given to engineering
any special design
which you are interested.
DONGAN

ELECTRIC MANUFACTURING
2991-3001 Franklin Street
Detroit

CO.

This is a good time to subscribe for
RADIO BROADCAST
Through your dealer or direct, by the year only $4.00
DOUBLEDAY, DORAN & CO., Inc. GARDEN CITY, N. Y.
Charging Batteries
]StartsYou
50,000 FEET
OF RADEO
50,000 square feet of floor space
in a large, modern building devoted exclusively to radio. Tremendous stock of latest kits, parts
and sets in improved designs and
styles at wholesale prices.
Write for Catalog "A."
Allied Radio
.
O RATION
Til W.C'O
LAKER'RSTREET,
CHI C A- GO

. Let me show you how
to
makefrombigthemoneyright
I've prepared
a start.
FREE
book explaining all details. Firsr
week's ment.profit
pays
equipYou can get allfortheall battery
charging business in your community with my
Service dinary
Station
— it's50%
yearsto ahead
orchargers Charger
— handles
70% ofmore
batteries. I explain everything — start you in a
business of your own and put you on the way to '
big money. Write for FREE BOOK.
C. F. HOLMES. Chief Engineer, Dept. R B
Independent Electric Works
5116 Ravenswood Ave.
Chicago, III.
FREE BOOKJust

Out
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The advantages of

ADVERTISER

POWER

Licensed by
Rider
CorPais. Radio
Pending
poration Patented
5-2-"16;
7-27-'26.

REALISM

connecting two tubes
in a push-pull circuit
are already firmly established. The new

Curb
Oscillations!

General Radio Type

PHASATR0L
Keg. U. S- Pat. Off.
A True Balancing Device for
Radio Frequency Amplifiers
Rid your set of the R. F.
oscillation nuisance by installing a Phasatrol in each stage
of R. F. amplification. They
dampensorbthe
and thus
absurpluscircuit
energy,
neutralizing oscillations. By
adjusting it to the desired
value, it is possible to cure
even the most obstinate R. F.
amplifier cillation
stagehabit.from
osPrice the$2.75
each.
Electrad specializes in a full
line of Controls for all Radio
vision.
Purposes,
including TeleWrite for Free Hook-Up Circulars

541 Push-Pull Transformers consist of one
input and two output
Type 541 -A
Input Transformer
Price $15.00

types for either magnetic or dynamic reproducers.

Bulletin No. 930 with direct
to consumer prices will be
sent on request.

' J~.'~ 54T-A
isec. a 10.000-

General

TypeTransformer
541-C
Output
(For Dynamic Speaker)
Price $10.00

Radio

Co.

30 STATE ST.
CAMBRIDGE, MASS.
274 BRANNAN ST.
SAN FRANCISCO, CALIF.

Dept. M-10, 175 Varick Street
New York

A

ELECTRAD
Improves any set.
Easy to install.

Neat, compact, durable.
- price.
Moderate in

Jenkins
Condenser

PER-CON

Transmitter

"The Perfect Contact Radio Ground"
Patent Applied For
MFG. CO.
Richmond, Indiana

transAformer
A

and

FILTER

Tobe TransAformer consists of a step down transformer and a 3
ampere rectifier unit completely assembled in one unit. Fits neatly
on top of a Tobe "A" Filter as shown.
No wiring required, just plug into the
house supply.
The Tobe "A" Filter and the Tobe TransAformer make a good, complete A Supply.
The same Tobe "A" Filter attached to any
good two ampere charger such as a Tungar,
Rectigon or even a good Electronic charger,
will make a complete A Supply.
Tobe "A" Filter
$18.00
Tobe TransAformer
$15.00
Tobe
A
Supply
includes
Tobe
"A"
Filter
and Tobe TransAformer, completely

wired and assembled. 8 tube capacity
33.00
TOBE

& Adair

DEUTSCHMANN

CO.

^c->~"^
Canton, Massachusetts

For Broadcasting, Phonograph
Recording, and
Power Speaker Systems
ry^HIS
JL variestransmitter
its capacityis aatsmall
voice condenser
frequency,which
and
is coupled direct into a single stage of amplification, contained in the cast aluminum c».se.
The output, reduced to 200 ohms, couples
to the usual input amplifier. The complete
transmitter may be mounted on the regulation
stand. It operates on 180 v. B and
6microphone
or 12 v. A battery.
This transmitter contains no carbon, and is
entirely free from background noise. Its yearly
upkeep is practically nothing. It is extremely
rugged, and will withstand hard usage.
Price, Fcomplete
with 20 ft. shielded cable,
$225.00
O B. Chicago.
J. E. JENKINS
& S. E. ADAIR,
1500 N. Dearborn
Parkway,Engineers
Chicago. U. S. A.
Send for our bulletins on Broadcasting
Equipment
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wise

Pound
THE BARAWIK CO. has, all these
years, been famous for its variety of
radio supplies, which it offers at money'
saving prices. Newest dynamic speakers,
"B" eliminators, socket power equip*
ment, A-C harness, fine cabinets and
furniture, amplifiers, latest amateur
equipment, tubes, batteries; in fact,
anything you can ask for is here, ready
to ship, at a saving in price. Quality
merchandise, selected goods by reliable
makers
— -just what you want — at big
discounts.
Your Savings are Tremendous
Ask any of the quarter million Barawtk
customers why they trade here, and
they'll tell you that, quality considered,
our
can't about!
be beat.Quality
That's comes
some'
thingprices
to think
first — new, fresh, good reliable merchandise, but the price always means
a tremendous saving, neverthe'
less. Get our catalog and prove BftSB
this to until
yourself.
nickel
you Don't
see ourspend
offer'a /^~~' ' -JPpCiEiS
rngs Erst.
Tou need this great radio
bargain boo\ as never be
fore — Mail
the coupon now
—TODAY.
|
1
oara
wiK ^o.
Canalv Sta.s. a.
1210 G0
Co CHICA
Rarawik
Mail this coupon for FREE Bargain
Book.
^iame .
Address_

FERRANTI
Audio Frequency
Transformers

but
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I

—

foolish

Penny

♦

,
GETTING the old, familiar adage turned around
save
to
try
who
fans
radio
those
to
s
applie
it
but
a few pennies on their condenser blocks. Building a
^—
socket-power device is an expensive proposition
and the condensers are the most
vital parts in them.
Cheap, undersized condensers
may look pretty in the can .— but
the huskiness — the factor of
safety isn't there.
You can bet on

Dubiliers ■—

true, you'll pay more for them ■—
but they' 11 do more and last longer.
Type PL- 5 74, specially
designedPower
for Thordarson
R-171
Compact,
Ratheon BH Gas type
Rectifier or Elkon EBH
Metallic Rectifier.
Price $16.50
Yes sir, it works
Set — or Money

DUBILIER
LIGHT

SOCKET

AERIAL
on your
Refunded

No need to be troubled with an outdoor antenna or
lightning arrestors any more — simply plug in the
Dubilier Light Socket Aerial — clear reception, less
static and interference and plenty of volume. No current consumed. All good dealers sell it on a 5 day moneyback guarantee. If your dealer is out of stock write to us.

Free Catalog
for radio fanSf
simply write

Devices
U.S. Pat. Off

Dubilier
CONDENSER
4377 Bronx

CORPORATION

Blvd.

New

York

are specified for the
SKYSCRAPER
Principal parts for the SKYSCRAPER including aluminum base, three shields and
front panel correctly drilled, one Ferranti
Audio requency Transformer Type A-F 5,
one A-F 5C and one O-P 8C for magnetic
type speakers or O-P 4C for dynamic cone
speakers and three special radio frequency
coils. Complete instructions for building
with necessary photographs and drawings.
List price $95.00. Instructions only, net
price $1.00.
Send 15c in coin for copy of
the 1929 Ferranti Year Book
FERRANTI, INC.
130 W. 42nd St.
New York, N. Y.
FERRANTI
FERRANTI, Ltd.
Hollinwood
ELECTRIC, Ltd.
Toronto, Canada
England

Beginning Sept. 15
How to Make
YOUR

OWN
RADIOVISOR
By C. Francis Jenkins
'THE new invention you have been
reading about ! Here is a wonderfully
interesting and constructive series telling you how to be a pioneer in the
field of Radiovision. All instructions
are given simply and clearly with
diagrams. Read these weekly rticles
and be first with a Radiovisor in your
home.
Especially written for
Science News-Letter
2179 B St. Washington, D. C.
Introductory Offer — 13 weeks, $1

SILENCER
SOCKET
No. 481-XS. 65c.
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principle
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the finest attainable QUALITY.
Dynamic speakers get their
POWER by the use of an electromagnetic held. Translated from
Engineering into English this
means tkat Ike permanent field
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magnet of the average radio
speaker is replaced by a powerful electromagnet.
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new,
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dynamic speakers Was limited
to a comparative few -Who
could affjrd them because
they required a separate battery to supply the current
for their electromagnet coils,
DYNACONE eliminates
the battery _ \r==£M and
utiles current
operatedirect
its
from the set to 03l
field coils.
A continuous
direct current is i

radio

market

tube of the radio set.
Upon this direct current is superimposed thefluctuations of the
signal.

power
at $25

enter the speaker armature. DYNACONE uses the
latter method for keeping
the direct current out of
its armature hut makes
use of this Very current.
Which other speakers throw
a-Wau, for energi3ing its
field electromagnets.
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always floWing — ^inthe
plate circuit of the poWer output
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By thus ingeniously

It has been customary to
-to a dynamo. «^P*
keep
the direct current out of the
kTne magneto uses
loudspeaker because so strong a
permanent field magnets. It
■Will serve admirably as a shocking current Would tend to p&ra/yje
macbine but cannot light a single the speaker by pulling its armature
against the field magnet.
lamp bulb.
MS^s. dynamo over
FI£LO MAWCT
STf)OM6 CURRENT
uses electro-^// magnets.
Even a moderate sijed dyTo get rid o£ Ibis strong
namo -Will run the lights o£
direct
current, a transformer,
an entire -village
or a>
8S

amazing

conolensei?
Ts used.
Which alloWs only
the signal fluctuations to

u tiding energy heretofore
thrown aWay. DYNACONE
ackieVes POWER
and
QUALITY ox^ attainable
With the dynamic principle,
Without any special batteries
or other apparatus. Tb
is simply connected directly in the output circuit of
any set using a 171 type
power tuhe operating 3.t
ISO Volts on the plate.*
If the set has an output
transformer, this is disconnected byUie dealer wkenDYNACONE is installed.

\ I'j^lerotof ore, the use olr
The above description applies to the Type E DYNACONE. The Type F DYNACONE, which
has four connections to the set, takes its direct current from ahead of the output transformer
instead of using a condenser to effect its separation from the voice current which actuates the
armature.
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Sxtreme selectivity — achieved by the new
cfc^bly-tuned radio-frequency transformersjbdiich are in reality tuned "bandpass" rural
Faithful reproduction — hitherto unobtainable with such a high degree of selectivity
— made possitt^j^he "flat- top" "bandpass" filter- tuning^^kracteristic
of the
radio- frequency
amprj
Qreat sensitivity — affordinfReception over
•great distances by taking advantage of
theri^prmous amplification possibilities
of the%hield-grid tubes usemas radio
frequency amplifiers.
iechanical perfection — manifesdK^y such
jtures as t\e flat, rigid, aAStately
punched metal chassis, snug-fitting
shiel^ and fulllfloating bearing fiss^nbly
for tHfe ganged condensers.
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Custom

Build

RECEIVER
A UTHORIZED Hi-Q Radio -Tricians in every
±\ neighborhood are building the 4 new HiQ 29 receivers to special order and to meet
Local conditions — in every instance finer, more
sensitive, more selective and beautifully toned
instruments than is possible to secure through
factory-built sets within $50 to $100 of their price.
The new Master Hi-Q 29 typifies the value
of the en tire group— a completely stage-shielded
screen-grid receiver— steel chassis— only the finest parts available in Radio. Circuit is the result of America's leading parts manufacturers.
A Band Pass Filter, the latest development in
radio, effects absolute FLATTOP

square cut -off

TUNING with 10 kilocycle selectivity. "Crosstalk" isimpossible. Only one station can be received at a time even in crowded high -power
station areas. A "coast-to-coast" receiver that
has wonderful sensitivity; uneqvalled DX reception; and a quality of tone that is totally
new in radio. 4 models for battery or A. C.

NEW 80-PAGE HI-Q 29
CONSTRUCTION MANUAL
The biggest and most complete book of its kind
ever published! Tells how to build the 4 new HiQ Receivers. Photos and diagrams illustrate every
detail. Covers power amplifiers, tube and battery
combinations, antennae, installation, short-wave
adapters, house wiring and a wealth of other data
on the Hi-Q cusrom-built radio. Price 25 cents
including postage.
All Hi-Q 29 receivers demand your attention for the same reason as the
Master Hi-Q 29 shown above — frnest parts, modern stage-shielded circuits, excellent selectivity and sensitivity and wonderful tone-quality at
prices tinequalled in present day radio. Junior Hi-Q 29 complete without
cabinet, $5935;
A. C.29,'Hi-Q
29, $103.95; Master Hi- 0 29,
$99.50;
Master A.Junior
C. Hi-Q
$151.80.

HAMMARLUND-ROBERTS,
1182-A

BROADWAY,

NEW

YORK

Associate Manufacturers

Inc.
CITY

RADIO

BROADCAST

ADVERTISER

QUALITY

1

is what

the radio fan wants

— QUALITY in every detail is what he
must have, if his receiver is to be worth
the effort of building it.
Every experienced

fan knows

radio reception depends

that good

on the success-

ful cooperation of many small parts —
any one of which can make or mar the
results obtained.
Be SAFE — use Hammarlund Parts and
you will be following the example of
experts throughout the world.
Eighteen years of manufacturing precision instruments for radio, telegraph
and telephone use are back of every
Hammarlund Product.
That

experience

is your protection.

Ask your dealer.
Hammarlund

Manufacturing

424-438 W. 33rd Street

WRITE

FOR

FOLDERS

Co.

New York, N. Y.
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PRODUCTS

How

INSIDE
STUFF
On

Reception

Conditions

Are

ere

Worst

Z

F. W. McDonell, a New
York City consulting
radio engineer, says:

Price of Complete
Approved Kit,ivith
Special Aluminum
Cabinet, $130.00.

to be a commercial

Radio Operator
A practical book that should
enable anyone of average intelligence to passexamination
the Government's
theoretical
given to
applicants for a Commercial Radio Operator's License.
NEW!
Nilson and Hornung's
PRACTICAL
RADIO
TELEGRAPHY
380 pages,tions, $3.00
5x8,net,223postpaid
illustraThe book covers in detail tlit
theory and practical operation of
every typemercial aofrc, spark,
modern,and1928,
comvacuum
tube transmitter. It furnishes
complete
on commercial
vacuum tubedatareceivers.
It covers
everything
from
elementary
elecy tothe practical operation
of radiotricitcompasses.
Some outstanding points
1. Very little mathematics
2. Assumes
no prior knowledge
of electricity
3. Covers cialeverything
radio in detailin commer4. Completetion questions
list of self-examinarigidlydiagrams
accurate given.
6.5. Simple
Completeyet wiring
thisSeecoupon.
the book before you purchase.

Fill in and mail just

McGRAW-HILL FREE EXAMINATION COUPON
McGraw-Hill Book Co., Inc.
370 Seventh Avenue. New York, N. Y.
You CALmayRADIOsendTELEGRAPHY,
me Nilson and „lHornung's
net, PRACTIpostpaid.
y)t3.co prepaid
I will either return. the hook, postage
in 10
days, or remit for it at that time.
Name
St. and No
City
State
Name of Employer
Official Position
(Books sent on approval in the U. S. and Canada

j
[
|
I

R. B. 1 1-1-28

OUR

BIG

MAIL

ORDER

DEPARTMENT

specializes in quick service on all S-M parts and kits,
and other high quality radio merchandise. Send the
coupon below for our new catalog. Liberal discounts to
dealers and setbuilders.

Royal

Eastern

Supply
16 East 22nd Street

Electrical

Company
New

York, N. Y.

I RO
ROYAL EASTERN ELECTRICAL SUPPLY CO., Dept. RB-1 1, 1
I 16 East 22nd St., New York, N. Y.
Please send me free, your latest catalog of radio apparatus, containing full description of the complete S-M line, as well as other leading
lines of receivers, accessories, kits and parts.
Name.
Add ress .
L
Rmihi Broadcast.

November, 1928.

J

Be An
Expert instrument
RADIOteaches
OPERATOR!
amazing
you to read code in»half the X~
usual time.
Reproduces actual vending of expert operators. Sends you mesetc., it.
anywhere,
speed. operator
You'll bein
amazed sages,
whenradiograms,
you hear
Just likeanytime,
having any
an expert
your home.
instructions
strong,onlywaxed-tape
records
makeComplete
everything
simple andrecorded
clear.on Send
§3.50 for
Midgettoday.
Teleplex
with lessons;
or $5.50Money
for high-frequency
key and
Send
buzzer.
Satisfaction
guaranteed.
back if not delighted.
TELEPLEX CO., Cortlandt St., New York, N, Y.
Aerovox Condensers and Resistors .have been firmly established as The Specified Products
by
the
more discriminating ^
manufacturers.
Write for the Research Worker,
a free monthly publication thai
will keep you abreast of Radio's
latest developments. '

MVl
\ £R
^S^^^'
"butlt Better"
<?V9X_
W ■ } El Washington &, Brooklyn, N. Y.

Published
monthly.
XIV, class
No. 1.mail Published
at Garden Koran
City, N.& Company,
Y. Subscription
priceCity.
$4.00X. Y,a year.
Garden City.
N. V.. Vol-.
as second
matter. Douhleday.
Inc., Garden

Entered at the post office at
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LINCOLN

8-80

ASTOUNDS

THE

ADVERTISER

ONE-SPOT-SUPER
WORLD

RADIO

TUN ABIE
I.F. STAGES

COAST
Clear

TO
Loud

COAST
Volume

RECEPTION

in Summertime

CLOUGH AUDIO SYSTEM
Not only in selectivity and quiet operation is the Lincoln
8-80 supreme. Its new audio transformer, utilizing the revoi far more
System
to theandfullest-extent,
infinitely
better tone,lutionarylough
volume
less distortiongives
thanit any
other
type of transformer can possibly provide. The effective transformation ratio per stage— exclusive of tube gain — averages 4.4
to 1, 50% greater than that of any other and more expensive
transformers, and with all this — true reproduction, fidelity of
tone, and positively uncanny realismEven in appearance, the 8-80 is far ahead of any factorybuilt receiver at anywhere near its price. The beautiful Lincoln
112 two-tone metal shielding cabinet ($9.25 additional) houses
the completed receiver and at the same time provides 100%
perfect shielding. It is ALL of these features that make the 8-80
the sweetest
what
it is! super you've ever tuned. And that is positively
The price of the complete kit for the 8-80 is $92.65. And the
set you build from it will give these same results, for every set
built tunes easily and positively to peak efficiency, thanks to
the new principle of William H. Hollister — an old-timer in the
game
demonstrated
collegeallprofessors
before
Marconiwho first
bridged the"wirele8s',',
Atlantic.to And
his experience,
ranging over a quarter of a century, has gone into the 8-80*
It OUGHT to be some set— AND IT IS!
LINCOLN GUARANTEES THAT THE 8-80 WILL GIVE
BETTER RESULTS THAN ANY OTHER EIGHT-TUBE SUPER
YOU CAN BUILD.
If you want an evening full of straight-from-the-shoulder
super-heterodyne dope written by an engineer who has play* d
with every super going in the last few years, send 25 cents lor
William H. Hollister's "Secret of the Super'- using the coupon
below.

THIS is the report from every Lincoln 8-80 receiver
built in Chicago, the worst City in the U. S. for
long distant reception. Daily reports, by letter
and .phone, of logs of stations from MAINE to CALIFORNIA, prove that the new principles involved in
the LINCOLN 8-80 make every receiver perform alike.
These reports are from set-builders who have built
the Lincoln 8-80 for the first time, and many from
men who have never built a radio receiver before.
Without exception, they all report absolutely no interference from nearby powerful stations 10 K. C.
away, and terrific volume on low powered distant stations, all brought in without oscillation on a ten-foot
antenna. Small stations, heretofore never heard
through the barrage of high powered stations, are reported with full volume.
For the first time in radio history has this sensational perbeen possible,
actual isperformance
the than
Lincoln 8-80ever
informancethe
hands ofand
the theamateur
proving far ofmore
we have
claimed.
The remarkable new Lincoln screen-grid, intermediate-frequency amplifier is the secret of the astonishing performance
of the 8-80. Cone are the well-meant but clumsy methods of
the past —formers
complicated
transthat are nevershielding
matched"laboratory
when the matched"
set is finished,
matched sets of tubes, and all of the heretofore "necessary
evils" from which you tried in vain to obtain real reception.
You can peak the Lincoln Intermediates in 20 seconds when
your
is in operation, correcting for all trouble you have had
in thesetpast.
LINCOLN

ENGINEERING
SERVICE ON STANDARD
KITS
you can buy the really finer standard kits— those that have come up to the rigid stand*
-m-jr -i* t rj ards of performance set by the Lincoln Laboratories at standard prices, and at standard
JV_[N{) W
discounts if you are a professional setbuilder or dealer? The Lincoln Engineering SerDO
vice means a lot — you are assured not only of same-day shipment, but you have the
r I ^TT A ' 1 1 double assurance of factory inspection, plus Lincoln inspection — and Lincoln offers you
YOU
only tees
complete
each to you.kits that exhaustive tests have proved to be right — and then fully guaranOrder to-day for immediate shipment any of the following Lincoln-Guaranteed complete kits:
Sargent-Rayment Seven (S-M 710) kit . . .§120.00
Tyrman 80 — super— -less power pack
$134.50
S-M 720 Screen Grid Six
72.50
Tyrman 72 receiver kit
'98.50
S-M 720 Screen Grid Six — factory wired . . . 102.00
Tyrman 72AC, with power pack
153-50
1929 Laboratory Superheterodyne
95.70
H. F. L. Isotone 10- tube super
195.00
LINCOLN
329 SOUTH
Authorised Distributors for
Lincoln 8-80
WESTERN RADIO MFG. CO.
128 W. Lake St., Chicago
W. C BRAWN CO.
564 W. Randolph St., Chicago
WALTER ROWAN CO.
833 Washington St., Chicago
& RADIO SUPPLY
ELECTRIC
22 N. Franklin St., Chicago

RADIO
WOOD

ST.

—

CORPORATION
CHICAGO

LINCOLN RADIO CORP.
329 South Wood St., Chicago, III.
Send me your big free catalog, listing a nplete line of
1929 kits for custom building.
Let me have details of your agency plan.
Enclose find 25c. for which send me Williai
ter's new book, "The Secret of the Super."
Name
Address

* ILLINOIS.
Authorized Distributors for
Lincoln 8-80
RADIO SUPPLY COMPANY
912 Broadway, Los Angeles
WHOLESALE RADIO SERVICE
6 Church St., New York City
F. D. PITTS COMPANY
219 Columbus Ave., Boston
HORACE HILLS
533-39 Market St., San Francisco, Calif.
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TONE quality is elusive. We can prove, by laboratory measurements
and curves, that the new Clough system audio transformers come
closer to absolutely faithful reproduction than any others we have ever
been able to find, at any price. That may prove nothing to you — but
it's true, nevertheless. One by one, we are getting reports of tests —
made by impartial engineers for manufacturers and others — agreeing
with our own findings that there is nothing on the market to match the
tone quality of S-M Clough system audio transformers. That's what the engineers in the
world's
largest
telephone
engineering
school
decided.laboratories said. It's what the professors of an old New England
To ofprove
both
them:this to the public, here are the two fairest ways we know of — and we're taking
FIRST: We are building, and operating in the most
public places we can find — the big radio shows, hotels,
dealers' show rooms — comparison amplifiers, with
switches to interchange instantly two sets of audio
transformers in the same circuit. We are so well satisfied with the sales of S-M audios resulting from this
"hard-boiled" method that we printed and distributed
35,000 copies of an article telling dealers and setbuilders how to build such a "comparator". Do you
know of any other transformer manufactr-er who is
doing that? If not, why is S-M the only /
who is?
NOW — Theatre Volume
from Any Phonograph
at Low Cost
Used with any dynamic speaker
having a 90 to 1 10 volt field — or with
two dynamic speakers and supplying
the field current for one — the new
S-M 678PD Phonograph Amplifier
will take the input from any phonopick-up
— or from
the
detectorgraphofmagnetic
a radio
set, using
adapter
plug — and boost it to the tremendous volume output
of a 250 tube with the tone fidelity and freedom from
hysteretic distortion provided only by the new S-M
Clough-system audio transformers. It operates entirely
from any 105 to 120 volt, 60 cycle light socket and requires: one '81, one '26, and one '50 type tube. Price of
complete kit, $66.00, or wired $73.00.
I Silver-Marshall,
SHv
Inc.
I 838 W. Jackson Blvd., Chicago, U. S. APlease send me, free, the complete S-M
Catalog;
also sample copy ofin The
For enclosed
stamps,Radiobuilder.
send me the
following
.... (50c) : Next 12 issues of The Radiobuilder
.... ($1.00) Next 25 issues of The Radiobuilder
follows, Power
at 2c Units
each:
. . S-M
. .No. DATA
1. 670B,SHEETS
670ABC asReservoir
. . . .No. 2. 685 Public Address Unipac
No.Wave
3. 730,
Sets 731. 732 " Round-the-World" Short
No.formers
4. 223. 225. 226, 255. 256, 251 Audio TransNo. 5. 720 Screen Grid Six Receiver
....No.
740
" Coast-to-Coast"
Screen
....No.6766.7. Dynamic
675ABC
High-Voltage
Power Grid
SupplyFourand
Speaker
Amplifier
....No.
8
Sargent-Rayment
Seven
. . . .No. 9 678PD PhonogTaph Amplifier
Name

SECOND: We are guaranteeing absolutely that the
S-M Clough-System transformers large or small cannot
be surpassed by any of the conventional type not utilizing
the Clough invention with its practical elimination
of hysteretic distortion — at any price tvhatsoever.
If you have the equipment, by all means verify
yourself the sweeping claims we make. If you haven't
— then listen to one of the public S-M comparator tests.
If you can't do that — try a pair. Ask your own ears!
We think you ought to know.
Record of Audio Transformer Tests
E is the two-stage
curve for
the largesize
transformers
(S-M
225,
stage;
and 226, 2nd1st stage,
$9.00 each; D is
that of the smaller
ones (S-M 255 and
256,
each).
Note $6.00
the marked
advantage over A,
B, a n d eight
C—a andI I
standard
ten dollar transformers under
equal conditions.
"The forRadiobuilder"
regularly?
No. 5 shows
howAreto you
buildreceiving
an amplifier
comparing audio
transformers.
No. 6
tells all about the new S-M Public Address Amplifier. To all Authorized S-M Service Stations, it comes free of charge; to others a nominal
charge is made. Use the coupon.
If you build professionally, write us about the Service Station
franchises.
you don't
want toyouran radio
to be custommade, S-M Or
willif gladly
referbuild,
your yetinquiry
Authorized
SilverMarshall Service Station near you.

/7( SEVERAL of our cooperating distributors,
^\ whose announcements directly follow, join
us in presenting a complete descriptive summary
of the outstanding values to be found in the
new S-M line.
SILVER- MARSHALL,
Inc.
838 West Jackson Blvd., Chicago, U. S. A.
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720 Screen Grid Six
The new S-M 720 embodies in the most
perfect form the revolution that screengrid tubes have brought about in longdistance reception. Three of these tubes
in the R.F. stages, with shielded S-M coils,
bring in distant stations on the next 10 kc.
channel
to powerful
locals!setThea farnewhigher
S-M
255
and 256
transformers
standard of tone quality than ever known
before. Custom-built complete in 700
cabinet, $102.00; complete kit, with
pierced metal chassis and antique brass
escutcheon but without cabinet, $72.50.
700 Shielding Cabinet
Beautiful two-tone brown moire finish,
with walnut finish wood base, $9.25.
740 Coast-to-Coast Four
A time-tested and famous circuit — one
R.F. stage, regenerative detector (nonradiating)
and two A.F.finerstages
— combined
with immeasurably
coils,
the high
efficiency of the screen-grid tube, all the
gain of smooth- working regeneration, and
new S-M Clough-system audios, make *he
740 theWIRED
greatestinvalue
the fifty-dollar
class.
700 in
cabinet:
740 (for
D.C. tubes) $75; 740AC (A.C. tubes) $78.
Kit less cabinet: 740, $51; 740AC, $53.
680 Series Unipacs
Perfect reproduction and hum-free
light-socket operation have made S-M
Unipacs famous. There are four types:
two single-stage, and two two-stage models,
using 210 or 250 tubes singly and in
push-pull. Each Unipac supplies 45, 90,
and 135 volts B to receivers, and two-stage
models
in addition
and 2*4
volts forsupply
A.C. tube
filaments.IV2 Available
as kit or wired. Prices from $81.50 to $117.
685 Public Address Unipac
For coverage of crowds of 1,000 to
10,000 people, indoors or outdoors, with
one to twelve loud-speakers, the 685 Public Address Unipac furnishes unequalled
tonal clearness. It uses one UY227, one
UX226, one UX250, and two UX281
rectifiers in three stages for microphone,
radio or record pick-up amplification. 685
WIRED Unipac is priced at $160.00; or
685 KIT, $125.00.
We

are

National

Quick

710 Sargent-Rayment Seven
Designed by two famous engineers to
give the
very extreme
of resultsirrespective
now possible in broadcast
reception,
of cost, the S-M 710 Sargent-Rayment
Seven sets an entirely new standard. Exhausting the tremendous distance possibilities of4-screen-grid R.F. stages — bringing in a station on every 10-kilocycle
channel right around its single-control
dial (with five auxiliary vernier knobs) —
equipped with the unequalled S-M Clough
system audio amplifier — yet the 710 is
only
custom-built
complete,
or $130
for kit$175including
aluminum
cabinet.
730 Round-the-World Four
The
famous broadcast
"Thrill Band"
set — has
for
long-distance
reception;
S-M Clough-audio-system tone quality —
splendid also for code. One screen-grid
R.F.
stage,Coilsregenerative
detector.
in kit tune(non-radiating)
from 17.4 to
204 meters; S-M 131X Coil ($1.25) extends range to 350 meters, and 131Y coil
($1.50)
to 650included
meters. with
Aluminum
ing cabinet
730 KITshield$51,
or fully WIRED $66. Also with 731
Adapterverting itto(plugs
conshort into
wave)anyKIT receiver,
$36, WIRED
$46. 732 Essential Kit, $16.50.
B and ABC Pc "er Supplies
The 675ABC with -idapter allows a
UX210 or UX250 pov 'oibe to be used
in the last
stage ofB any
receiver
— ;to
which
it supplies
powerraaioat 425,
135,90,
and 22 volts; also 22-90 variable. A and
C power are supplied to the power tube,
and
volts forrectifier.
A.C. tubes
used. IV2Usesand one2% UX281
Priceif
$58 WIRED, or $54 in KIT form.
670ABC Power Supply has max. B
voltage of 180; otherwise similar to the
675ABC. Price, WIRED, $46; KIT $43.
670B Power Supply for B power only,
180 volts max., and lower voltages as in
675ABC: WIRED $43.50; KIT $40.50.
676 Dynamic Speaker Amplifier
A single-stage power amplifier, using
one 250 type power tube and one 281
type rectifier. Used with any receiver, as
a third stage before a dynamic speaker,
it will give wonderfully improved volume
and tone quality, WIRED, $55; KIT $49.

Distributors

of S-M

WE carry for your convenience a complete line of S-M Radio Parts
and Kits, including the 678PD Phonograph Amplifier and all
the new Clough audio transformers. Any of these can be shipped at
once, as well as the new Unipacs, power supplies, audio transformers,
and other parts. Our new catalog will be a revelation to you — use the
coupon and get it now! LIBERAL DISCOUNTS TO THE TRADE.

Setbuilders
19-3 Romberg

Building

Service

Supply

Co.
Chicago

Products

Quick,
Courteous
Service
SUPPLY CO.
I SETBUILDERS
SETB
9-3 Romberg
Bldg., Chicago, 111.
I 19-3
R
IforSend
me at once,
complete
instructions I
1929 FREE,
"Lab.Catalog
Super;"listing
also
your and
big II
new building
100 PagetheWholesale
S-M
(other radio
parts, quality.
cabinets, consoles, and acces ories ofhighest
Name. . ,
Address .

.Stat
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SM
Graymore
for Service
Hear
London's
Chime
in

Big

Ben

Tour

Home!

NOT with any ordinary radio receiver, of course — the
Atlantic is too wide for regular broadcast receivers to
bring you London programs. But an S-M "Round-the-World"
short-wave set will do just that — quite regularly. Turn yours
on, some night. Don't be surprised if the language you hear
is a foreign one, or if the announcer mentions "Paris" or
"Amsterdam," or "London" instead of the cities you are accustomed to hear from. Call your neighbors to listen if you
want to — but be cautious about calling anyone who has already
explored the mysterious short-wave channels with an S-M
set — your wonders might sound very tame to him. Perhaps
by this time he is only interested in New Zealand and Japan!
For in short-waves almost anything is possible; amazing feats
of distant reception are becoming a matter of common
knowledge.
S-M 730 "Round-the-World" complete 4-tube set, with aluminum cabinet; factory-wired, $66, or in kit form $51.
S-M 731 "Round-the-World" 2-tube adapter with same cabinet
(converts any broadcast-band set for short-waves) also
comes factory-wired, $46, or kit $36.
S-M 732 Essential Kit $16.50.
S'M.5'ProngM.idgetPlug'In Coils
The new S-M coils for short and
broadcast waves. Wound on forms of
threaded moulded bakelite.
You can use your Round-the-World
Four on broadcast bands with these
new coils — 131X for 190-350 meters,
$1.25; 131Y for 360-650 meters, $1.50.
GRAYMORE
142 Liberty St.

RADIO

TO the thousands of fans for whom the four tube, R.F.
amplifier, regenerative detector and two stage audio amplifier is the time-tested standard of receiver comparison, the
new Silver-Marshall Coast-to-Coast Four offers the finest performance yet attained with this remarkable circuit. A screen
grid R.F. amplifier stage, immeasurably finer coils than ever
before, the new Clough high-gain audio system, and an allmetal assembly like those of the finest of ready-made sets,
make listened
the "740"
ever
to. the biggest $51.00 worth of radio set you've
The Coast-to-Coast Four, at Chicago, plays on the speaker
New York, Florida, Texas, and California stations, cutting
through local Chicago interference only 10 or 20 kc. away.
Its tone quality is such as only S-M transformers can provide.
Housed, like the 720 six, in the new S-M 700 table-model
metal shielding cabinet, it harmonizes beautifully with any
home furnishings.
Despite this demonstrated superiority, in every respect, over
all other sets in its price class against which we have tested the
740, the complete kit of all approved parts costs but $51.00;
or the 740AC kit, $53.00 complete. The 700 cabinet is $9.25
additional or is included with 740 wired, $75.00; and 740AC
wired, $78.00.
We go emphatically on record that no matter what set you
build or buy, the 740 Coast-to-Coast Four is the best dollar for
dollar value you can find around fifty dollars. It goes together
easily and simply, performs with a vengeance, and for the professional setbuilder provides a low-priced set that will outdemonstrate ready-made sets at twice its price.

CORP.

New York, N. Y.

I GR,
GRAYMORE RADIO CORPORATION,
1
| 142 Liberty Street, New York, N. Y.
Please mail your new catalog of quality parts and kits, as advertised
in Radio Broadcast for November.

S-M Parts Always in Stock
We always have a large stock of S-M kits
and parts, as well as other high quality
apparatus. Send the coupon for our catalog.
Discounts to dealers. Try us for quick service.

Name.
dress.
^^^Ad

J

Headquarters for S-M Parts
We are Silver-Marshall's oldest jobbers in
New York and can fill promptly your mail
orders for S-M, as well as for other high
quality merchandise. Send coupon for our
new catalog. Discounts to dealers.

CLARK
122 Chambers St.

&

TILSON
New York, N. Y.

CLARK
& TILSON,
122 Chambers
1
CL,
St., New York, N. Y.
Please mail your catalog showing S-M parts and kits, and other high
quality radio apparatus, as advertised in November Radio Broadcast.

I
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Jfammsrlund
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•
^ .Roberts,
Kadio
Hammarlund Hi-Q 29
Authorized Official Distributors

AreKnirTubesJust*)

Silver-Marshall Kit Headquarters
National Short Wave Aero Products
WE

are ready to ship all parts specified in this
publication, as well as those parts called for
in other leading radio papers. Tie up with a house
that is amply financed to carry a complete and
varied stock of merchandise. Royal-Eastern has been
in business since 1897- — 31 years — and we are
known to have the fastest shipping facilities in
New York. Send for our new 1929 trade catalog.
There is a copy for you. It is chock full of all the
latest radio and television developments, as well as
kindred electrical lines. We feature only nationally
advertised merchandise. All kits are in stock — Send
your order today — Prompt shipment is assured. We
know you will like our service!
SEND for 100 page CATALOG
"We

Pay The Freight."

ROYAL-EASTERN ELECTRICAL SUPPLY
COMPANY
16 West 22nd St.
New York City

Limping

Along

MANY a good radio tube is abused by
too high or too low filament temperature.
Either means short life and crippled performance. Designed for a definite operating voltage, tubes deteriorate rapidly if
over or under-taxed.
AMPERITE maintains constant, uniform
filament temperature— automatically adof "A"
variations
resistanceIts toprinciple
currentjusts itssupply.
is unique
and patented. No ordinary fixed resistance, designed to look like AMPERITE,
AMPERITE'S work.
can poss ibly dolayout
(no hand-operated
panel
Improves
rheostats), simplifies wiring (short, direct
leads), aids tuning, increases sensitivity,
and rounds out tone quality. Ask for
AMPERITE byname and see that you get
it. A type for every tube— battery or A. C.
" ing
$1. 10,
(inwith
U. S.mountA.) at *
all
dealers.
Give

them

NewLite

FREE—"Amperite Blue
Book"
of latest data.
circuits and
construction
Write Dept. R. B. 11
^^dialt Company
50 FRANKLIN ST., NEW YORK
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Screen Grid Seven
Designed by the
Inventors of the
Infradyne
Manufactured by
Silver-Marshall, Inc.
A Station for Every Dial Degree
That is the average performance of the Sargent-Rayment Seven over the entire
dial. Under average conditions ioo stations per night can be heard with it.
The Sargent-Rayment Seven has an amplifier composed of four screen-grid
tubes.
suppressors"
or other counteracting
devices There
are usedis noto regeneration.
stop oscillation,No the"grid
oscillation
is fundamentally
eliminated
in the circuit design thus allowing every bit of tube amplification to be retained
for useful work. Under these conditions are we unreasonable when we claim
that this receiver has more power, more sensitivity and more selectivity than anything else ever offered for sale? Watch the DX records go to smash this winter!
WRITE FOR FREE BOOKLET
Save your own time and get better results by buying this kit already built up, wired, and
tested, ready to operate. Look over the prices listed below and see if it will pay you to build one.
Every set fully guaranteed.
Grained Aluminum Model, kit $130.00* built-up $150.00. Brown, crackle crystalline model,
kit $140.00, built-up $160.00. Except for the finish, the models are identical in every respect.
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Getter with
A Real "DX"
10 KG Selectivity

Single Dial Control
Verniers for Long Distance Tuning

Supplied in two finishes,
aluminum grained
and crackle
crystalline. The
crackle
stalli
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finish is cry
known
as our
De Luxe Model and is
put out only by us.

Radio Constructors Corporation
357 Twelfth Street, Oakland, Calif.
Please send me at once full details regarding the SargentRayment Seven. I am a dealer or professional set builder and
buy my supplies from the jobbers listed below.
Address
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City and State
Name of Jobber
Name of Jobber
If you send this by AIR MAIL we will answer same way.
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A FUNDAMENTAL part of the policy of this magazine
is the careful scrutiny of everything appearing in its
pages, from the smallest advertisement to the most intricate of
technical articles. We have always felt that our first duty to the
protect him from misleading statements and in23 reader was ac urato
cies ofwhatever sort. This magazine is not, however, the
expression
of one and
man'spublishing
opinion, it.
nor Weevenhave
of the
group responsible for editing
frequently
given
space
to
articles
on
technical
subjects
in
which
the
authors came
25
to conclusions at variance with our own opinions. Almost invariably after the appearance of the magazine we would be deluged with letters and telephone calls demanding to know why
29we "said" this or that. The editorial expressions of this magazine, whether general or technical are always definitely identified. Articles from other sources are also indentified, and for
the opinions expressed, the author is alone responsible. We welcome the opportunity of printing controversial articles.

us, the motion-picture
which reach
reports
JUDGEis infromnearly
TOindustry
a turmoil as that in which
as complete
radio found itself some years ago. The cause of the trouble is,
of course, the application of synchronized and non-synchronized
This develop"feature allpicture."
to the
sound mentaccompaniment
isbringing into play
that
of the experience
practically
broadcasters have so laboriously accumulated in the past few
years, and is drawing into the movie field many broadcasters
and other engineers who have developed apparatus and its
uses for this work. In this connection, the pages of Carl Dreher's
department, "As the Broadcaster Sees It," are well worth
watching, for Mr. Dreher is including much first-hand and
practical information on sound motion picture work. Much
of this work is being done by expert radio service men.

ZEALAND radio distributor writes us he is interested incommunicating with American radio manufacturers who wish New Zealand distribution for kits or complete sets, either a.c. or d.c. operated. Manufacturers who are
interested may communicate with the editor.
ANEW

43
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47
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FOR those to whom the news has not yet traveled, we
repeat the announcement made in this column last month:
the bound volume of Radio Broadcast Laboratory Information
Sheets Nos. 1-190 is now available at $1. Order from your
newsdealer or directly from the Circulation Department of
Doubleday, Doran.

the comments in many letters, the Home
JUDGE
TOStudy
Sheetsfromare increasing in popularity. It may have
escaped the attention of many who are following these Sheets
41that we are quite willing to examine the answers to the problems
in each
Study with
Sheet.ourThese
answers will be promptly examined
and
returned
comments.
THE December issue will contain an interesting article on
band-pass filters, an interesting and practical article on
television, more good data for the service man and professional
set builder, instructions on how to grind quartz crystals a
number of important constructional articles — and our regular
departments.
— Willis Kingsley Wing.
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will never disappoint their trade on deliveries. Our immense stocks in Sets,
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— eliminating the necessity of carrying
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Pictures Transmitted in One Minute at Radio World's Fair
This radio-photo receiver was demonstrated by the Westinghouse Electric and Manufacturing, Company for the first time
in the New Madison Square Garden, New York, during the week of the radio show. The apparatus is capable of converting
electrical impulses into a complete photograph in less than one minute. Because of the difficulty in securing a wavelength
assignment the demonstration was carried on with the use of wires. However, the engineers state that the equipment
functions equally well by radio within the limits of fading and static. The chief advantage of this new apparatus is that
it reduces the time required for the transmission of a photograph from five minutes to one minute. The size of the reproduced photograph is five by eight inches
IO

HEW DEVICE PUTS MOVIES OK THE AIR
This apparatus is the heart of the television motion picture transmitter developed by Westinghouse. It is used at kdka for the broadcasting of radio motion- picture programs
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CORBETT

IN DISCUSSING the progress of television the technical press of
far back as thirty years ago, and to have recommended the utilization of cathode rays. As stated in the July article, the proposed equipment
the United States and Great Britain appears to take turn in deploring the lack of initiative of its own countrymen and in
originally devised by Mr. Swinton offered possibilities which many of
praising that of its rivals across the Atlantic. Yet, if we take the opinion
our so-called "advanced" present-day systems do not.
of no less an authority than Sir Oliver Lodge, we must admit that the
At the time of writing this article (early in August and in London)
leading exponents of the art in both countries are equally up against a
much
is being said about Baird's statement that he will market in
stone wall and that the limitation of the apparatus they are using at
September a home television receiver which ventor
willhas told
cost $125.00
The that
inthe writer
present will not permit further
he
is
already
well
in
production
improvement.
with these receivers and that
But Sir Oliver Lodge, and other
The British Situation
there will be no shortage when
equally famous scientists whose
the instruments are released. In
opinions incline in his direction,
By Norman Edwards
fact, the writer has already seen
are by no means pessimistic of
Managing Editor, Popular Wireless and Modern Wireless
a finished model in the Baird
the ultimate success of television.
laboratories. The cabinet houses
His criticism applies only to that
FOR months past the question of television has been agitating the minds
both the television receiver and
apparatus now commonly used by
of the British public, and day by day the Press in all parts of Great Britain
a electrodynamic loud speaker of
many of those who claim recoghasThe
beenBaird
persisting
in
dinning
into
the
public
ear
that
"television
is
here."
International Television Development Co., backed by British
nition in the art. Mechanical conAmerican pattern. An eight-inch
capital, invested for the development of television in England, now definitely
diameter circular glass screen is
trivances, Sir Oliver believes, are
has promised a television service by the end of the current year, despite the fact
to the left of the cabinet, and
limited by certain physical restricthat the British Broadcasting Corporation, which has a monopoly on broadthrough
this screen, but on a
tions which it will be inordinately
casting in England, has refused to cooperate with Baird and his associates be- smaller-sized
square, is seen the
impossible to surmount. To use
cause, in the opinion of the Chief Engineer of the B. B. C, and his advisers,
his own words:
the Baird system is not developed sufficiently to warrant it being utilised as a actual imagine.
public service: and the Chief Engineer and his associates in the British Post
When questioned as the availability of service to purchasers of
Cathode rays or moving elec- Office having investigated the Baird system believe it to be in a state of experitrons are the only things likely
mental infancy and unfitted for offering a means of service to the public.
these sets (bearing in mind that
Furthermore, the Wireless Telegraphy Act, which governs the use of radio in the B. B. C. has refused to
to be sufficiently docile and control able to be used as the agents
England, legally has been interpreted to cover television, and as the British
cooperate with Baird at the presfor television. No material things
Post Office refused to licence the Baird system as a public utility service, the
ent time) the inventor informed
are likely to be able to move
question now arises in the public mind as to what Baird will do.
the writer that he will transmit
The
Baird
people
definitely
seem
to
believe
that
they
can
find
a
legal
flaw
in
quickly enough, but electrons repictures from a 4-kw. (input)
spond so instantaneously that, if the Act of Parliament which governs the use of radio in Great Britain, and protransmitter on the roof of his
devices can be invented for utilizpose 'o start a service, without receiving the permission of the British Post Office.
laboratories in the heart of LonBut it is believed that the Post Office will take steps to prevent Baird giving an
ing them, the theoretical difficuldon. These transmissions, it is
ties with the required rapidity of unauthorised service. The position at the moment is complicated.
The reason why the British Post Office and the B. B. C. will not cooperate with
motion would begin to disappear
planned at the time of writing, will
both from the sender and the reBaird is not due to any prejudice but simply to the technical fact that the experts
take place on 200 meters (1500
ceiver, especially as photoelectric
concerned
not consider
Baird' s service.
system Baird
likely still
to beadheres
successful
satisfying
kc.) Mr. Baird has no license for
the public do
demand
for a television
to theinmechanical
response is almost infinitely rapid.
this transmitter, since, says he,
system which experts have pointed out repeatedly — experts which include Sir
is not required for television
A. Campbell Swinton, whose
Oliver Lodge: Dr. Lee de Forest: Captain Eckersley, the Chief Engineer of the one
transmissions.
early apparatus was described in B. B. C, and A. A. Campbell Swinton, F. R. S. — shows no likelihood of being
Here is raised an interesting
an article on television which
developed in such a way as to provide a commercially possible television service,
and in fact, not even a service which would warrant the authorities in England
appeared in Radio Broadcast
point. An English editor of a
granting the Baird Company facilities for exploiting it to the public.
for July, 1928, by R. P. Clarkson,
group of radio publications who
I can
say with
in conclusion
that Mr. Corbett's
articlesituation
sums upinboth
technically
has studied the British Telegraphyappears to have realized the limitaand
legally,
excellent
succinctness,
the
television
Great
Britain.
Act very thoroughly tells the
tions that mechanical equipment
11
would impose upon television, as
writer that by no possible inter-
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pretation of the law may Baird "televise,"
which in itself constitutes transmission of intelligence, unless he obtains a license. And he has
been refused the necessary license! It has been
prophesied that Baird will be enjoined by law
from transmitting as soon as he commences to do
so! Surely this attitude on the part of the
authorities can be due to nothing more or less than lack of
faith by the British Post
Office engineers (under
whose scrutiny radio is
microscopically preserved) in
Baird's it present
Baird,
must bemethods.
admitted, Re«
has made remarkable strides in
the advancement of the art
but now, it is felt, he has come
to the end of his tether, and is
being criticized severely for
placing on the market apparatus representing a germ of an idea still in an
embryonic stage of undevelopment.
It is argued that Marconi had no more to offer
the public in those early days when he first
fought to establish his ideas about wireless, but
then, he appealed to a far more critical public
(and then only to highly-trained engineers) than
Baird is doing. Moreover, Baird, aided by colorful and exaggerated reports in a general press
that knows nothing more about his invention
than the fans who will be expected to invest in
his televisors, is meeting with considerably less
opposition than did Marconi.
COLOR TELEVISION
/^OLOR TELEVISION, the latest development of Baird, was described in the London
daily papers in glowing terms. The writer was
given a personal demonstration of this new child
of television, by Baird, and was impressed only to
the extent that is due to a radical development
yet in its cradle
man's
covered
alternately
with a days.
blue orA red
cloth,head,
afforded
the
subject to be transmitted in the demonstration.
It was possible to see when the subject opened
or closed his mouth, put out his tongue, and
possibly when he rolled his eyes, and to see the
different colors of the head coverings, but to say
that the features were recognizable would highly
exaggerate the matter. Monochrome (black and
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white) television, however, affords several times
as much detail as color television.
The following explanation of the principles of
color television was dictated by Mr. Baird especially for Radio Broadcast. Except for the
changes outlined below, the equipment is similar
to that used by Baird in his monochrome experiments and already described in
this
magazine
on several occa-Biue sions:
BAIRD S EXPLANATION
T!
HE transmitting machine
consists of a disc perforated
with three sets of holes arranged inspirals and set round
the periphery of the disc. See
Fig. 1.
One spiral is covered with
red filters, the second spiral is
covered with green filters, and
the third spiral with blue filters,
so that each spiral lets through only light of one
color. As the disc revolves, a spot of red light first
traverses the object being transmitted, this red
light being thrown back from the object and effecting a photo-electric cell. The red light, having
completed this traversal of the object, the green
spiral next comes into operation and traverses
the object with a spot of green light. This is then
followed by the traversal of the object with a
spot of blue light from the spiral covered with
blue filters. Thus, the object is traversed first
by green, then by red, and then by blue illumination and three images are sent out to the receiver,
the first image showing only the red parts of the
object, the second image showing only the
green parts, and the third image showing only
the blue parts.
At the receiving station a similar disc to that
of the transmitter revolves exactly in step with
the transmitting disc, and behind this disc in
line with the eye of the observer are two glow
discharge lamps — a neon lamp, and a lamp filled
with helium and mercury vapor. The neon lamp
supplies the red constituents of the light and
the helium and mercury vapor the blue and
green. The eye of the observer sees first a red
image, then a blue image, and then a green
image, the images being presented so rapidly
that persistence of vision causes them to blend
and the observer to see a composite image made
up of these three colors.
Now red, green, and blue constitute the three
primary colors from which all other colors are
made up: for example, purple is a combination
of red and blue, yellow is a combination of green
and red, and in the same way all other colors
are made up of various proportions of these three
primaries, red, green, and blue. The process
used in color television is exactly similar to the
three-color process used in color cinematography.
The application of color television will naturally be considerable, but it is not proposed by the
Baird Television Company to put color machines
on the market for some time, as this apparatus
is still in the experimental stage. The first television machines to be marketed will be simply
monochrome, showing one color, and these
machines were exhibited at the Radio Exhibition held at Olympia, on September 22nd
last, and will be placed on the market at a
price of £25.
The image appears on a glass screen approximately eight inches in diameter and the televisor
includes a loud speaker of the electrodynamic
type. A special receiving device has been designed which enables both vision and speech to
be received fr@m the same aerial and at the
same time.
As three separate images must be sent in color
television the speed of transmission should be
increased three times. In practice, however, it
is found that this increase of speed is unnecessary
as each of the three images contains in itself quite
a large proportion of the visual image received
and it is not necessary to transmit at more than
twice the speed of normal television to obtain
a satisfactory blend of the images and colors.
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CAMPBELL SWINTON S EXPERIMENTS
'l^HE favorable opinion tendered toward the
* suggestion of Oliver Lodge and others who
suggest the utilization of electrons as a basis
for experiment in the development of television
leads one to expect that newer experimenters in
the field will turn their attention to such systems
as that avocated by Campbell Swinton. His
experiments have been carried to a much
farther stage than Mr. Clarkson explained in
Radio Broadcast recently.
It was only shortly after Braun, in 1897, introduced the cathode-ray oscillograph that it occurred to Swinton to work on the cathode-ray
principle in an endeavor to make practical some
system of television. He found in experiments
that the cathode-ray beam could be deflected
both magnetically and electrostatically with remarkable precision. With two similar cathoderay beams simultaneously controlled and deflected by electric or magnetic forces due to
identical currents Swinton expected to obtain
absolute synchronism in the motions of the
beams with maximum accuracy, irrespective of
the speed. He
planned
to use oneendof and
Braun's
oscil ographs atthe
transmitting
another
one at the receiving end, the beams to be
synchronously and simultaneously deflected by
the varying fields of two electromagnets placed
at right angles to each other, and energized by
the same two a. c. currents of widely different
frequencies. In this manner the moving extremities ofthe two beams would sweep over the
surfaces at the transmitting and receiving ends
with remarkable rapidity and synchronism, so
rapidly, in fact, as to take advantage of the wellknown phenomenon of persistence of vision.
To produce the required picture at the receiving
end it was only necessary that the rapidly scanning extremity of the cathode-ray beam be
impinged on a sensitive fluorescent screen. The
beam, of course, would be caused to vary in intensity by the varying signals from the transmitter, thus producing the necessary graduations
of
and shadelaytoinproduce
Swinton's
reallight
difficulty
devisinga picture.
a system
which
would efficiently accomplish the variations in
Per Sec:
Per1000-v
Sec:
Magnets •
10~
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the transmitted current, which, in turn, depended for its variations on the variations of the
scanning cathode-ray beam at the transmitter.
In these early experiments the use of a selenium
cell was depended upon as the link responsible
for the actual variations in transmitted current.
In 1911' Swinton first suggested the use of
photo-electric cells as the basis for the transmitting screen — not a single cell, but a fine mosaic
of them — and this idea survives in his latest
equipment.
Some inventors use the combination of a
mechanical arrangement at the transmitting
end and the cathode-ray beam at the receiver.
Naturally, then, the final result is governed
by the speed of the mechanical parts, and the
speeding up made possible by the use of electrons
throughout is not possible.
As a further development, Swinton suggests
the use of electrons by means of suitable threeelectrode tubes to supply, from batteries or from
the mains, the two a. c. currents of largely
different frequencies required to actuate the
deflecting magnetic or electrostatic systems at
the receiving and transmitting ends, used for
the purpose of causing the synchronous, combined oscillating and traversing movements of
the beams. The exact synchronization of these
latter could be maintained by special radio
signals on a wavelength separate from that used
for the transmission. Figs. 2 and 3 show the
latest Swinton transmitter and receiver circuits,
respectively. In these circuits it will be seen
that all mechanical motion has been done away
with, resulting in circuits hardly more complicated than those used at the present time for
broadcasting reception.
In describing the operation of his apparatus.
Swinton writes as follows:
At both ends the two cathode-ray beams impinge on screens, which they are caused by the
defecting systems to sweep rhythmically and in
complete synchronization in parallel lines backwards and forwards from end to end. In the transmitter the screen is composed of a very large
number of minute photo-electric cells each of
which are activated more or less by the amount
of illumination it receives from the image thrown
upon the whole screen by the lens. The end of the
transmitting cathode beam explores each of these
cells in turn, and as to whether it finds it illuminated and thus activated or not, an electrical
impulse of varying intensity, proportional to the
amount of local illumination, is transmitted to
the neighboring gauze grid. The varying electric
current thus originated after amplification and
conversion into wireless waves is transmitted to
the receiver, where, after further amplification
and detection, it varies the strength of the receiver cathode-ray beam, which, in turn affects
the brightness of that particular portion of the
fluorescent screen on which the end of the cathode beam is at that instant impinging. Thus,
on the receiving fluorescent screen a replica of
the picture thrown by the lens on the transmitting screen is reproduced.
Very probably with modern knowledge and
arrangements the transmitting method in which
selenium is used might be got to work, though
perhaps it would be too sluggish for showing
rapid movements in the picture transmitted.
A CRITICISM OF MODERN METHODS
COMMENTING in a paper on the advances
w made in television, whose mechanical
devices formed the nucleus of the apparatus, Mr.
Swinton has said: — ■
What has been effected mechanically, more
especially in America, shows what can be done
by vast expenditure, iabor, and elaboration. As
experimental shows they were no doubt magni-
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BAIRD DEMONSTRATES DAYLIGHT TELEVISION
In this picture Jack Buchanan, the popular musical comedy star, is shown sitting in front of the new
Baird daylight television camera Mr. Baird is standing in the center, and his assistant is adjusting
the lense of the television camera
ficent, but having regard to the apparent impos ibility ofeither improving or amplifying to
any sufficient extent, one doubts whether they
can lead to anything really worth having along
their own lines. Surely it would be better policy
if those who can afford the time and money
would abandon mechanical devices and expend
their labors on what appear likely to prove the
ultimately more promising methods in which
the only moving parts are imponderable electrons.

two articles on the subject. In these he entirely
agrees with my view that nothing of this order
can ever be hoped for from material mechanism,
and that the only way in which it can ever be
accomplished is by doing away entirely with
material moving parts and utilizing the vastly
superior agency of electrons, those infinitesimal
and imponderable unit particles of negative
electricity which are the most mobile things
known to science.
A. A. Campbell Swinton.

In a letter which appeared in the London
Times Mr. Swinton expressed other views on television. Excerpts from the letter follow:

OTHER EUROPEAN INVENTORS

To the Editor of the Times: —
The telegram on the progress of television in
your July
14 be
issuemade
leadson methe tomany
think very
someabsurd
comment should
prognostications that have appeared on this important subject.
It is well known that all methods of television
are based on the same principle as is the reproduction ofpictures in the Press, wherein the picture in each case is composed of a mosaic of
minute dots so small and so closely packed together that the individual dots are not recognizable as such by the unaided human eye. Let us
take as an illustration a well-reproduced newspaper half-tone 10 x 16 inches in size. This contains more than 250,000 dots.
Now on the same principle that requires that
cinematograph film pictures have to succeed one
another at the rate of 16 a second, so as to give
the illusion of continuous motion, for the purpose of successful television each of the thousands
of dots has to be registered in its proper place
and with its proper strength no fewer than 16
times a second. Thus to transmit the picture
referred to would require registering the dots at
a rate of 4,000,000 a second.
Such achievements are obviously entirely
beyond the possible capacity of any mechanism
with material moving parts and this view, which
I have personally been inculcating in scientific
circles for many years, has recently been thoroughly endorsed by no less an authority than Sir
Oliver Lodge, himself a notable pioneer inventor
in wireless telegraphy, who has recently written

\TOT a great deal is heard of the effort of
*■^ European inventors on the Continent, although from time to time small items of intelligence do come through. In France, M. Belin,
in conjunction with M. Holweck, has succeeded
in transmitting shadows. The apparatus of M.
Belin is unique in that the transmitter makes use
of two mirrors vibrating at right angles to one
another, the combined action of which enables
the subject transmitted to be explored by a
potassium photo-electric cell. At the receiving end
there is a fluorescent screen traversed by a
cathode ray. Thus we get a combination of the
use of the mechanical and the electron!
Another Frenchman, M. Dauvillier, has also
succeeded in transmitting shadows, but admits
that an increase of one thousandfold in sensitivity will be necessary before his apparatus is
Other scientists who are bending their efforts
perfect.
in
an endeavor to be first in the race are Mihaly.
Korn, Nesper, and Muller. The latter has been
experimenting for some time in an endeavor to
produce metal foils of extreme thinness, and has
produced some of gold a hundred times thinner
than heretofore, so thin, in fact, that printed letters can be read through six layers. Varying
intensities of light passing through these layers
of foil have been found to alter a current of
electricity passing through. The use of this discovery may lead to the production of a very
cheap television equipment, it is hoped.

New

Trends

AT THE present writing (SepZ_\ tember) several d i s t i n c t
<*- A» trends in the progress of
radio may be observed by any one
who gets about even a little bit.
These trends are often first evidenced inhome-made receivers and
in the kit sets put out by wideawake manufacturers and are later
seen in the sets built by the large
complete-set people. Sometimes,
of course, the set manufacturer
is in advance of the others, but
in general the tendency has been
for this branch of the industry
to follow the leader. Whether
this is due to lack of engineering
initiative, or to hesitancy to adopt
something new, or to patent arrangements, is difficult to say. It is true, however, that among the license s ofthe R.C.A. there have been few major
new ideas that have seen the light of the dealers'
shelves. These people are still making t.r.f. sets
or neutrodynes. Small improvements have been
made, but they are in the nature of refinements
of existing circuits and apparatus.
What are these new trends, and what do they
mean to the future of the radio business^say
the 1929-30 season?
THE DYNAMIC SPEAKER
WE HAVE already discussed in this magazine the moving-coil or dynamic speaker.
After considerable effort to find an unbiased
source of loud speaker information, we discovered Joseph Morgan of the International Resistance Company, who wrote the article "All
Loud
About
. Speakers'' in the August Radio
Broadcast
There is no doubt that the present season is
going to be a dynamic speaker season. Nearly
every set manufacturer of note will have a model
or two equipped with this newest milestone on
the way toward more perfect reproduction. There are many such
speakers now on the market; some
of them are the Magnavox, Jensen,
Peerless, Rola, Newcombe-Hawley,
Marco, Radiola 105, Farrand, etc.
Why is the moving coil speaker
superior to our present cone and
horn types-" Briefly, because it presents to the final power tube a nearly
pure resistance rather than a complicated combination of inductance,
capacity, and resistance whose frequency characteristic is anything but
a straight line. The dynamic speaker
has a moving system that can move
through large distances, up to a
quarter inch, which means that There are
plenty of low-frequency power can form here.
be put into it with the certainty
by another

for

that sound energy will come out, and that
there will be no clatter of armature against
pole pieces. No other type of speaker has been
tested in the Laboratory which reproduced fundamental tones below 100 cycles. They emit
sound, to be sure, but it is not like the original.
Will 1929 See These New Developments in Everyday Use?
1. THE DYNAMIC SPEAKER
2 THE BAND SELECTOR
3. THE ONE-STAGE AUDIO
4. THE FIVE-ELEMENT TUBE
The dynamic speaker, then, is here, and in
1929 will take its place in the best commercial
sets and in the homes of the most critical home
set builders and engineers. It entails several
hardships on the constructor. The filter in his
power supply must be better than is necesaary
with other speakers that do not reproduce tones

1929-30

below 100 cycles. He must put the
speaker in the middle of a rather
large and awkward and solid board
not less than three feet squaie
for best results. His amplifier, to
utilize the advantages of this kind
of speaker, must be very good. Because the speaker is more efficient
— at least some of them are — he
can get along with less power,
but at present it is not safe to
economize at this point. The constructor had better plan to use
171's or better in his final stage.
The day of the 199 tube loud
speaker is not yet here. On the
other hand, we do not believe
it necessary for the home listener
to go to 250-type power output tubes, although
the reserve power possible with such an amplifier as was described in the July Radio
Broadcast (page 141), is something to strive
for as the ultimate.
In the laboratory of Dr. John P. Minton, the
well-known acoustical engineer, we heard a
10-inch Peerless dynamic speaker which was
mounted in a three-foot baffle of not too solid
construction. The speaker was operated from an
amplifier employing a single 171-type tube in the
output stage, and the results were very satisfactory. The signals were made louder than could
be tolerated comfortably in a small apartment,
and they were considerably "up" from the output of a W.E. 560 AW. Persons who invariably
talk louder than the radio when the latter is
turned on would have considerable trouble in
preventing one enjoying a symphony concert
from
station circuit.
with such a speaker con-'
nected a inlocal
the output
At the present time the Laboratory staff is
busy measuring the characteristics of a number
of the newer speakers of this type and when the
datum is available in its final form it will be published in Radio Broadcast.

Shield

FIG. I
no tubes in the Jones band selector which is shown in schematic
All the selecting is done by one set of apparatus, the amplifying
The tuned circuits are coupled together by the small inductance, Li

the band-pass r.f.

business
the bandveryselector
is HER
trend.
distinct
ANOT
In December, 1927, Dr. F. K.
Vreeland read a paper before the
I. R. E. on his ideas of what a good
radio-frequency amplifier should be.
He had two suggestions. One was
tuning, conto stagger
that
set slightly
t.r.f.three
densers of athe
is, tune two of the condensers
slightly above and below the exact
resonance point. This, according
to Dr. Vreeland, would tend to
broaden the top of the response
curve and to steepen its sides. This
would make it possible to receive
the high audio frequencies that are
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so badly clipped at present, and yet to prevent
crofs-talk from adjacent radio channels.
Dr. Vreeland's other suggestion has occasioned
a lot of discussion. It consists in using in the receiver aband selector composed of — this is our
interpretation, not Dr. Vreeland's — two tuned
circuits coupled closely enough so that the resonance curve of such a system has a flat top, a
top with a dip in it, or a sharply peaked top depending upon the constants of the circuit.
According to the discussion, this is not a new
idea — we do not know that Dr. Vreeland said
it was — but the fact is that in the old spark
days, the bane of radio inspectors was the closely
coupled antenna-transmitter system which
emitted a broad wave.
The effects of staggering are two: (i) to
broaden the top of the response curve and thereby to improve fidelity ; and (2) to reduce the r.f.
gain somewhat. With deliberate staggering it
should be possible to use very highly selective
circuits — "low loss," if you will. Then the gain
per stage ought to be somewhat greater. The
gain in fidelity, however, will not be noticeable
on the average amplifier and loud speaker. On
the other hand, with a flat audio amplifier, a
good transmitting station, and a dynamic
speaker, the higher frequencies as heard should
be materially improved.
We must now record a visit to the Technidyne
Laboratory, where we again had the pleasure of
chatting with Mr. Joseph Jones who is business
manager of this organization, of which Mr.
Lester Jones is the engineer. This was not our
first meeting or conversation, and only convinced us the more that this is an organization
which will be heard from more and more in the
next few years.
The Technidyne group has a band selector,
too, but it differs in several respects. The Jones
group has in addition a self-shielded coil, a
loop of similar characteristics, and an untuned
r.f. amplifier of considerable gain. How these
work into a modern receiver will be indicated
below. The coil has two windings, one inside the
other. The high potential ends of the coil are inside, so that one can grasp hold of the coil, or
wrap a short-circuited turn of heavy copper
wire about it, without destroying signals or
even detuning the set. In our opinion this is an
extremely useful invention and has resulted in
a very valuable patent. So long as coils are
used in receivers, there must be means of keeping their respective fields from getting out of
bounds. One method is to encase the coil in a
metallic can — shielding it— and another is to
use a self-shielded coil.
The Jones band selector will probably be used
in several receivers, notably the Sparton. It
works out as follows. A band selector is made
up of several coils and condensers and encased
in a container. This has but one wire coming
from it, the connection to the following unit,
the r.f. amplifier, which connects to the detector
and the audio system. This amplifier is untuned,
has five stages in it, with the gain varying from
3000 to 15,000 from the short to the long waves
to offset the lack of coupling on these waves between set and antenna. When an antenna is
attached to the amplifier input, the mix-up of
signals is worse than anything the Radio Commission ever imagined.
This circuit has several obvious advantages.
In manufacture there are three belts on which
the selector, the r. f. amplifier, and the a.f. amplifier are placed for inspection. This is to be
contrasted to factories in which the completed
receiver is placed upon a single belt. If anything
goes wrong with a selector unit, it is removed ;
the same thing happens with an r.f. or a.f. am-
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FIG. 2
The circuit diagram of the Vreeland hand selector; note the inductance, Xs, which couples together the
two tuned circuits composed of X\ and X? and their associated tuning condensers
plifier. When any good selector is attached to
any good r.f. and a.f. amplifier units a good receiver results.
In service a similar occurrence takes place.
The service man takes with him an extra selector
and an r.f. amplifier. If the customer's selector
is out of order, a new unit is slipped into place —
the entire set is not placed out of commission.
The Hammarlund-Roberts engineers have
incorporated the band selector idea in their
1929 Master receiver already described in this
magazine (October, page 341). In this receiver
both the primaries and the secondaries of the
r.f. transformers are tuned, the two circuits
being coupled together by the mutual inductance
existing between the two coils. This is very loose
mechanical coupling. The Vreeland and the Jones
system use other types of coupling, it being
possible, of course, to couple two tuned circuits
together with mutual or self-inductance, or with

FIG 3
The hand selector used in the HammarlundRoberts " Hi-Q 29" receiver. In this case the tuned
circuits are coupled together by the mutual inductance existing between primary and secondary
capacity or resistance or combinations of all of
these.
Here, then, is the second trend toward band
selectors, electrical contrivances which cut out
of the broadcast spectrum a swath of the desired
width. Such circuits have been suggested as
a relief in the present overcrowded ether
conditions. We believe, however, that another
year will see the band selector the rage
in set construction. The Jones system is a preselector, that is, the signals are first selected and
then amplified. In the Vreeland and the Master
Hi-Q circuits amplification and selection go on
at the same time.
THE ABBREVIATED AUDIO
THE third noticeable trend is toward the
elimination of the first stage of audio, and
working the power amplifier by the detector.
Let us see what this means. First of all it means
that the detector must supply a much higher
output a.f. voltage and therefore must be supplied with a higher input modulated r.f. voltage.
The Jones system does not use the usual first stage
of audio. The detector is a C-bias affair with input
r f. voltages of the order of 10 to 15 volts. A new
R. C.A. super has also been put on the market

which uses a.c. tubes and has only one audio
stage.
The elimination of the first stage of a.f. reduces
cost, makes a set simpler to construct and should
reduce not only tube noises and the tendency toward severe microphonics, but eliminate considerable a.c. hum, which is a great advantage
when the dynamic speaker is used with a good
amplifier.
One well-known physicist-radio engineer states
that in his opinion the proper place for the loud
speaker is in the detector circuit. Whether the
set of the future will have no audio amplification
at all cannot be debated at present.
A NEW TUBE IN THE OFFING
IN ENGLAND there is considerable talk of the
' new special-purpose tube with five elements,
the Pentode. This is a power valve built along
lines similar to our present screen-grid tube. The
idea is to get much greater output power with
given input voltages. It is a tube with a large
amplification factor and a high plate impedance;
with our present low-impedance speakers it may
require new coupling devices. A number of articles have appeared in Wireless World (England)
recently on this tube, which lead us to believe
that the Pentode will do much toward making
unnecessary all the r.f. amplification that eliminating one audio stage demands at present.
WHAT ARE WE COMING TO?
HERE, then, are the trends in sight. The first,
the dynamic speaker, is here now. It is one
more step toward better reproduction, greater
fidelity of voice and music. The second, the band
selector, is another step toward fidelity, with the
possibility of an increase in selectivity. In the
hands of Lester Jones the problem of selectivity
has been separated from that of amplification —
a feat we predicted months ago. The superheterodyne issuch a circuit, although not to
the degree the Jones system is. The third trend
is the elimination of the first stage audio. In the
Jones system this is done by using greater r.f.
amplification and detectors more heavily biased
than those of the present. In the super-heterodyne the amplification is at intermediate frequencies. The Pentode tube may make it possible
to eliminate some of the additional r.f. gain
now necessary, with an obvious advantage from
the standpoint of cost and simplicity.
It looks as though it is never safe to predict
that the time has come when there is nothing
new under the radio sun. The home constructor,
however, need not feel it unwise to construct a
set
at present
on theobsolete
suspicionhisthatpresent
next year's
circuits
will make
gear.
Receivers built to-day according to recognized
engineering principles and equipped with good
amplifiers and speakers will be standards of comparison for some time to come.
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This, in brief, is the skeleton of the allocation
the public with the effect of the provisions of the
THE Federal Radio Commission has, at
Amendment in unnecessarily depriving theSouth
last, bestirred itself. It has formulated an plan, as it was first announced by the Commisand West of broadcasting stations. However, had
sion. Undoubtedly, it will be modified. Such
orderly plan of allocation, based upon conthe Commission acted promptly upon the various
dubious features as limiting the maximum power
servative engineering estimates of the capacity
allocation plans offered it from the very day of
of the broadcasting band. When the plan is in of permanently licensed stations to 25,000 watts,
on the exclusive channels, is a useless curtail- its organization (of which one, submitted by a
smooth operation, it will increase the program
ment of the service of these channels. Did it member of the staff of Radio Broadcast, proservice obtainable with any radio receiver capvided almost precisely the structure at last
able of reaching out beyond neighborhood locals. serve to increase the number of stations which
We hesitate to praise any constructive step might be assigned to a channel, it could be justi- agreed upon), the Amendment never would have
been passed. The year and a half of dilly dallying
fied on that ground. It amounts only to an order
announced by the Commission because, up to
compelling stations to render less than their best which preceded the adoption of the present plan
this time, it has always reversed itself before
has inflicted a more or less permanent handicap
possible service. Apparently, it is a concession
promised reforms have been put into operation.
the broadcast structure in the form of the
It proposed to eliminate all stations persistently
to Judge Robinson, who wanted to put a 5000- upon
watt power limit on broadcasting, thereby re- Davis Amendment.
wandering from their channels, but backwatered
To the broadcast listener, the faithful adoption
before the echo of its brave statements had died
ducing the total area of the United States served
out. It called a host of stations before it to prove
by high-grade broadcasting to considerably less of the present plan means clear reception on most
of the positions of the dial. Forty channels are
than ten per cent.
they were operating in the public interest, necescompletely cleared, providing for eight stations
sity and convenience, with a grand fanfare to the
EFFECT OF THE DAVIS AMENDMENT
effect that many would thus be weeded out. but
in simultaneous operation per zone. Thirty-four
the actual result of the hearings was negligible.
HP HE Davis Amendment requires equal dis- channels are partly cleared for regional service,
*■ tribution of channels among the zones, and offering a standard of reception about equal to
From past experience, we cannot avoid fearing
a complete reversal of form and a repudiation of their distribution within zones according to that heretofore found on the so-called cleared
population. As a consequence of the varying channels. The number of stations reasonably
the meritorious broadcast allocation plan. We
clear of heterodynes, is vastly increased and
hope that public approval of the announced plans areas of the zones, more than half of the desirable
will be so forcibly expressed that, this time, there regional and national channels necessarily are chain programs will no longer crowd the few
assigned to the Northeastern quarter of the choice dial positions.
will be no turning back.
country, comprising the first, second and part
By taking into consideration the channels
The plan itself is a normal and sensible classi- of
the fourth zones. The Western half of the which will be used simultaneously by more than
fication ofchannels into local, regional, and nacountry, the fifth zone, has only one-fifth of the one zone, the total number of stations in the
tional groupings. Forty channels, eight per zone,
regional class, operating simultaneously at night,
are nationally cleared for exclusive service by total number of cleared channels. The Southern
stations of 5000 watts or more. Only one station zone, comprising an area of about a fourth of the will be 125, or 25 per zone. These regional stations will give satisfactory service for moderate
is in operation on each channel at a time, al- country, is given only one third the number of
though time division may be employed in the preferred channels assigned the Northeastern
distances beyond the so-called "high-grade
service range" and should be entirely free of
case of stations not prepared to operate on a full- quarter of the country.
The Commission naturally has found these
time basis, or to permit division of channel
heterodynes within the high-grade service area.
The six channels devoted to local service may
silly
requirements
of
the
pernicious
Davis
facilities among the states according to populaAmendment
a
serious
handicap
in
its
work
and
be duplicated at fairly short distances, but again
tion, as required by the Davis Amendment.
This exclusive service band lies between 1 190 has not overlooked any opportunity to impress
the Davis Amendment acts to curtail the potential service of these channels. The
and 640 kilocycles.
number of stations per zone upon
Four channels, 1460 to 1490 inclusive, are devoted to stations of a maxithese channels must be equalized almum power of 5000 watts, to be
though, for example, there could
otherwise be about twenty times as
shared by two zones, presumably on
opposite coasts of the country, thus
many local communities using these
channels in the fifth zone as in the
providing good regional service.
Thirty-five channels, ranging
first, without having any greater conthroughout the dials from 1430 to 580
gestion than is found in the first, so
marked are the differences in the
kilocycles, are assigned to stations
areas of these zones.
having a maximum power of 1000
watts. These channels will be used in
Another curious consequence of the
not less than two nor more than three
Davis Amendment is the somewhat
diverse effect it has upon the two
zones simultaneously for night broadcenters of broadcast congestion, New
casting, although in isolated instances, the maximum will, for the
York and Chicago. Because New York
has such a predominant proportion of
time being, be exceeded when no serious interference is caused. These are
the population of its zone, it suffers a
somewhat smaller curtailment of asthe so-called "regional channels."
Five additional channels, ranging
signments than Chicago. Casual obthroughout the band, for stations up
servation of the Chicago situation
to 1000 watts, will be duplicated in
shows a heavy mortality in time on
every zone, thus providing medium
the air of its all-too-numerous 5000power, local, and limited regional
watt stations, but the actual effect
•service.
will not be nearly as drastic as it
Finally, six channels at the lower
appears.
Manybeenof operating
Chicago'son 5000
end of the dials, will be thickly
watters have
extensive
time
division
in
the past and
populated with 100-watt broadRCONl's
NEW
6-KW,
2000-METER
TRANSMITTER
casters, accommodating a great
This
others are merely call letters rather
MA
telegraph station at Grytviken, South Georgia, maintains wireless
than actual stations. Practically
number of stations providing strictly
a
daily
telegraph
service
with
the
Falkland
Islands
which
in
local service.
turn communicate with Montevideo
no licenses will be cancelled any16
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where and, by liberal use of time division and
limited application of power cuts, the new structure will work a minimum hardship upon station
owners.
In spite of the dire predictions of opponents to
a plan based upon engineering considerations,
the plan supports the contention of engineers
that allocation, based upon sound technical evaluation of the capacity of the broadcast band,
does not require heavy mortality of stations.
PLAN BETTER THAN HOPED
COR two years, we have urged in these columns
* that the number of stations on the air simultaneously be reduced to 200 or 225; the plan
exceeds our fondest hopes because it places only
165 stations in simultaneous operation on 74
channels. The balance of the band is reserved
for strictly local services. Receivers in good locations will bring in a parade of unheterodyned
stations and good programs will again have almost nationwide audiences. The wall of local
stations, in congested centers, will be partly
levelled. Every section will profit by lessened
heterodyning. The South and West are seriously
restricted by enforced disuse of available channels. In the South, this is no immediate hardship,
as there are fewer stations in operation but, on
the Pacific Coast, a great many needless holes in
the ether can be credited to the Davis Amendment.
We predict one unexpected result of the new
broadcasting structure: the restoration of popularity of long-distance listening. Radio reception
has arrived at a respectable degree of quality of
reproduction. Cleared channels will bring back a
limited amount of dial twisting and, within a
year or two, long distance will again be a desired
quality in a radio receiver. Long distance is the
magic of radio, just as speed is the zest of motoring. Beauty in appearance and tone will always
predominate as a sales appeal, but the flash of
distance will rise again as improved conditions
make its enjoyment possible. This repeats in
radio the cycle of automobile sales appeal: first,
speed, then an era of emphasis on comfort and
beauty and, finally, these characteristics combined, as they are in the products of to-day.
What Is Public Interest?

CJIS G. CALDWELL, as attorney for the
Commission, on August 25, issued a detailed interpretation of the so-called publicinterest, convenience and necessity provisions
of the Radio Act. Inasmuch as the Commission
must, sooner or later, prove in the courts that
the new allocation plan is justified by these considerations, that interpretation is virtually the
ion's
plan of defense. The statement
Commiss
points out particularly that the Davis Amendment, although calling for equalization of powers
and stations in each district, does not set aside
the public interest, convenience, and necessity
clause and that, therefore, all new stations,
authorized in under-quota districts, must pass
qualification standards imposed by these four,
all-important words. It further points out that
renewal of existing licenses is not incumbent
upon the Federal Radio Commission, unless it
finds that public interest, convenience, and necessity are served; that the issuance of a license is
not to be regarded as a finding beyond the duration of the period covered by said license; relicensing in the past, indicating that the station
has met the test of public convenience, does not,
however, bind the Commission to continue past
mistakes, should any have been made inadvertently; that public interest, convenience, and
necessity cannot possibly be defined and must
be judged by individual situations and condi-
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THE STAGE OF A TELEVISION DRAMA
This picture shows how wgy broadcast the first television drama. " The Queen's Messenger." Three television cameras were used — one for each of the two players and the third for the "props" — and by a twist
of the knob the director could bring the desired camera into the circuit. Also, a television receiver was instal ed inthe studio to enable the director to check the image
tions; that there is demand for a variety of services, including high-power service, covering
large territories, and low-power service for local
interest; that the broadcasting of phonograph
records as a considerable part of a station's service is not a public service unless special records
are developed for broadcasting only; that advertising should be incidental to a real service rendered by a program; that stations of 500 watts
power or more should not be located in thickly
inhabited communities; that very low-power
stations should not be permitted in very large
cities; such channels being more usefully employed in smaller towns; that the character and
financial responsibility of applicants for licenses
are important considerations; that broadcasting
time should not be used to air discussions of a
private nature; that stations, not operating on
a regular schedule, do not serve the public; that
a broadcaster, who is not sufficiently concerned
with public interest to equip his transmitter with
adequate frequency control or check thereon, is
not entitled to a broadcasting license. These
considerations were the basis upon which the
practical application of the broadcast allocation
plan were founded when the Commissioners
made their individual station assignments to
national, regional, and local channels.
The Race for Television Publicity

continues.
THE
The race
latestfor totelevisio
score n ispublicity
the Westinghouse
Company, which demonstrated a sixty-line
television scanner and reproducer. This is ten
lines better than the television elephant which
the Bell Laboratories built some years ago. Instead of scanning a living subject, light was
passed tothe photo-electric cell through amotionpicture film. This was proclaimed in the newspapers as a radical invention, although the first
broadcasting of radio movies, as we recall it, was
demonstrated to members of Harding's cabinet
seven years ago. by C. Francis Jenkins. With
amazing ingenuousness, the Westinghouse publicity stated that Mr. Conrad began his television
researches only three months ago.
The uselessness of the device from a practical
viewpoint could be gleaned from a single statement in the publicity to the effect that the fre-

quencies used to transmit the sixty-line picture
lay between 500 and 60,000 cycles, so that a total
of 1 50,000 cycles of ether space would be required to radiate the signal by the conventional,
double-side-band method. An extra 5000-cycle
wave was used for synchronizing purposes.
The usual statement was made that the device
would be marketed by the Radio Corporation of
America when ready for public consumption.
Mr. H. P. Davis, Vice-President of the Westinghouse Company, also stated to the press that the
device would soon be ready for the home user.
So are steam yachts!
IVRNY

Television Transmissions

wrnyIts began
is nowon
signalssions
televisitsiontransmi
August
ION 21.
STAT
heard from the fifth to the tenth minute of
each hour that the station is on the air. A 48-line
picture is transmitted on the broadcast band, but
its channel width is restricted by sending only
7.5 pictures a second instead of sixteen. This
does not improve the quality of the transmission.
A Milestone in Television

televiremote-c
time that
first
ng has
sion broadcasti
ever ontrol
been undertaken was the occasion of Governor Smith's
acceptance speech on August 27. On this occasion, wgy installed its portable television transmitter, which makes a 24-line picture, at the
State House in Albany. The television signal
was transmitted through eighteen miles of wire
and then radiated by wgy, the General Electric
station at Schenectady.
The television pick-up equipment, erected near
the microphone, consisted of three units, two
tripod-mounted, photo-electric cells in boxes, a
light source, and a scanning device. The cells
were placed at the left of the Governor, within
three feet of his face, and the light source between
the cells. A 1000-watt lamp was used to play on
the Governor's face, the intensity of the light
being broken up by a scanning disc.
The General Electric people did not issue any
applesauce publicity about milestones in history
at the time. When they issue a statement that
home television is practical, we will believe it.
THE
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1927 to 14.5 per cent, in 1928 and the actual
number from 41 to 51. Broadcasting is the only
one of the eight classifications, into which national advertising falls, that has shown a marked increase in the number of users. The greater
the number of national advertisers, seeking to
please the public by goodwill programs, the
greater the competition for public attention,
and consequently the higher the program standards. Better commercial programs also mean further improvement in standards of non-commercial programs and a very happy outlook for the
radio listener. Another field which is developing
is broadcast advertising by local stations. The
peak of direct advertising by the local broadcaster is passing and more intelligent and serviceable use of the radio announcement is being
made by the smaller stations.
Here and There
A NEW chain is again announced on the
Pacific Coast, comprising kjr, Seattle;
kex, Portland, kga, Spokane; kya, San Francisco; and kmtr, Los Angeles. Rival chains to the
N. B. C. Pacific Coast network which did not
materialize have been announced before. Perhaps this new one will.

A MODERN

RADIO INSTALLATION ABOARD AN

New Nationwide Picture
Transmission Service

in the New York Times, anA HEADLINEnouncing anation
wide television service,
proved upon analysis to be the announcement of a proposed extension of commercial stillpicture transmission by the R. C. A. A 5000-cycle
signal, transmitted over a special carrier, is used
for synchronization. The image is thrown upon
a ground-glass screen and there photographed.
The device was produced in the laboratories of
the Westinghouse Company and may be used
by the R. C. A. in competition with the A. T. &
T. system. This is neither television nor broadcasting. Otherwise, the headline was correct.
Need for Defining Television
Practices

SINCE many broadcasting stations appear
to be groping toward television, it is desirable to reduce to a minimum the number
of scanning disc apertures and their different
combinations, and to agree upon the direction
of disc spiral and disc speeds to be used. These
factors are being determined in a very unscientific
and haphazard fashion. Each individual television
transmitter, being put into operation, seems to
work according to the whim of its builder, with
the result that any television receiver now built
is capable of receiving from only a single transmitter, although it may be within range of two
or three signal sources.
The variables are not confined merely to the
number of holes in the disc. Some transmitters
scan their subjects in such a manner that the
first sweep of the disc makes the top line of the
picture; others start at the bottom. Some require
the receiving disc to run clockwise; others
counter-clockwise. Still others, intending that
universal or direct-current motors be used for
driving receiving discs, are not operating at
closely regulated speeds so that standard synchronous motors may also be used for reception.

ITALIAN LINER

It is too early to propose standards for these
factors because standards imply agreement upon
practical constants. Television is altogether too
crude to be standardized. It would have been no
more ridiculous, in 1904, to standardized upon
28 x 3 inch automobile tires, than to decide today upon 24 or 48 line scanning discs for television. But it is worth agreeing upon temporary
standards of (1) disc speed, (2) direction of spirals, (3) common multiple for number of holes,
and (4) direction of disc rotation.
Newspaper Has Radio Picture
Transmitter

a leading
an,tion
rgh theScotsm
THE Edinbu
the
of beingnewsdistinc
paper, claims
first newspaper in the world to own and
operate its own photo-telegraphic service for the
regular transmission of news pictures. The time
of sending pictures from London to Edinburgh
has been cut from eight hours to eight minutes.
The costliness of the several systems in use for
commercial picture transmission in the United
States have precluded their routine use by newspapers. The A. T. & T. system is well organized,
but newspapers complain that they have to wait
so long between the filing of pictures and the time
they are actually sent that airplane delivery is
more rapid and desirable. The R. C. A. transoceanic service is useful only in the case of pictures of extraordinary interest because transatlantic transmission of pictures is difficult.

\A R. OSWALD SCHUETTE, professional
radio agitator, employed by the Radio Protective Association, offered a petition to the
Commission that the licenses of weaf, wjz,
WGY, WRC, KOA, KGO, KDKA, KYW, KFKX, WBZ
and w Bz. a be revoked on the grounds that the
companies operating these stations constitute a
radio monopoly. Louis G. Caldwell, counsel for
the Commission, pointed out that, until the companies called are found guilty of monopoly in
the courts, licenses cannot be revoked on that
ground; that there being no point-to-point communication, and therefore no competition between cable, wire, telegraph or telephone systems involved, the Commission is powerless,
under Sections XIII or XV, to take the silly
action proposed by Mr. Schuette and his excited
associates. This proposal is even more drastic
thanthese
Judgestations
Robinson's
that theIt power
of
be cut suggestion
to 5000 watts.
might
prove a healthy lesson to carry out such a threat,
just to witness the storm of listener protest
against the disruption of broadcasting service
from favorite stations.
AS EVERYONE perforce knows, radio has
come to its own as a political medium. The
Democrats are spending about half a million for
radio, using six half-hour periods a week, includliberal
the women's
audience.
Theying aare
also appeal
spendingto $100,000
for individual
programs over independent stations. Entertainment isbeing broadcast in connection with political features. The Republicans are using the network three times a week, the entire country being
covered once a week by the inclusion of the
Pacific network. Also, 43 half-hour programs are
being sent over the Columbia network, thus inblasting.suring the listener of no rest from political

Commercial Broadcasting Increases

thening
the streng
y trend
healthic
AVEofRY
of broadcastfoundaintion
the econom
ing is indicated by the growing percentage of national advertisers using commercial,
goodwill broadcasting, as reported by the Association of National Advertisers. The figures represent investigation of the activities of 352
leading advertisers. For that number, the percentage using radio grew from 1 1.6 per cent, in

Aircraft Radio

out thee
d locycl
S. C.ofHOOP
Nance
500-ki
usingER thepointe
import
CAPTAI
distress frequency on aircraft making
over-water flights. This enables flyers to establish
communication with ships at sea and shore stations, while utilizing the high frequencies, permitting long-distance transmission, often pre-
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eludes nearby reception. For example, the
Greater Rockford, which made an amazing landing somewhere between Newfoundland and
Greenland, was heard successfully in Wisconsin.
But none of the shore stations in Canada or
Greenland could hear its signals because of skipdistance effect. Had it been possible to take compass readings in Greenland or Canada, the
whereabouts of the place would have been much
better known and the rescue would have been
accomplished very much sooner.
\TEW YORK STATE plans an aviation
weather service and is establishing twenty
weather bureau stations which will make reports
to Gustav Lundgren, meteorologist, at Albany.
The data will be compiled and telegraphed to
every airport in the state, as well as broadcast
twice daily through N. B. C. stations.
A DIRECT, high-power service between San
Francisco and Tokio, the first Occident to
orient service to be directly connected by modern, high-speed telegraphy, was announced by
the R. C. A. Messages to Japan heretofore have
been relayed through Hawaii.
HpHE Federal Radio Commission authorized
* the R. C. A. to establish direct communication with Liberia, although a channel for that
purpose already has been allocated the Firestone
Company which, by the way, did not oppose the
R. C. A.'s application. If the Commission is
holding to its promulgated principle, a single
radio link is not sufficient to handle all the traffic
between Liberia and the United States and the
duplicate services are warranted by the amount
of message traffic to be handled.
A NOTHER pair of licenses granted for services
of doubtful value are the permits issued to
the Universal Wireless Communication Company for two 10,000-watt stations, one for New
York and one for Chicago, to operate an overland
radio-telegraph service. Filling channels with
unnecessary services means later denials to
essential services.
HpHE International Telephone and Telegraph
* Company has made an agreement with the
Spanish and General Corporation to build a radiotelegraph station in the Azores for transatlantic
communication. This will distribute North- and

AN ELECTRODYNAMIC SPEAKER OF DE LUXE DESIGN
Three dynamic units arc used in the loud speaker shown above. The baffle on which the units are mounted
is of box construction and measures 45 by 55 feet. The designer of the speaker, Mr. Mampe, of Palisade,
N . J ., is shown in the picture
South-American traffic to European countries
where the Mackay Companies have no direct
communication through their agreement with
Eastern Cables, Ltd.
HpHE call letters of the ship and planes of the
^ Byrd Expedition are wfbt, wfa, wfd, wfe,
kfk and, for the planes, wfc, wfb and wff.
The wavelengths in meters of the channels to be
used will be 91.3, 68.1, 53.1, 45.6, 34.06, 26.5,
22.8, 17.95, ar)d '3-72- Eavesdropping upon the
affairs of the expedition will be possible all over
the United States. The expedition will carry 20
transmitters and 26 receiving sets and a most
comprehensive line of accessories and parts to
keep the installations in operation for two years.
Radio in Foreign Countries

there were 350
Radio Show,
THE Berlinincluding
AT exhibitors,
the Army and Navy,
^ Lufthansa and the German Postal Administration. The most interesting television
device demonstrated was the invention of one
Mihaly, which gave the shadowy outline of the
person spoken to on the telephone.
'THE Department of Commerce report for
*■ June shows a marked increase in United
States exports of radio equipment. The greatest
growth was in transmitting sets and parts,
which, compared with June, 1927, exports of
$5,806, rose to just short of $50,000. Receiving
sets rose from $174,433 to $228,983. Radio imports were more than $5000.
'THE Radio Corporation has made an agree*■ ment for interchange of patent rights and for
the sale of radio equipment with the State Electrical Trust of Leningrad.

REAR VIEW OF GIANT SPEAKER

A PUBLICITY statement from Russia reports that there are 67 broadcasting stations
now in operation in that country, serving 250,000
listeners. Because of the great area involved,
Russia will naturally require many broadcasting
stations, although the number of receivers in use

is still discouragingly small. Increasing public interest promises considerable growth in the future.
THE British Radio Union, a £30,000,000 con* cern, will acquire all the ordinary shares of
the Eastern, Eastern Extension, and Western
Telegraph Companies and all the ordinary and
preference shares and debentures, if any, of the
Marconi Wireless Telegraph Company. This
is the practical consummation of the British
cable merger plan.
HT HE British Board of Trade has passed a law,
* compelling Class 2 ships, freighters with more
than fifty in the crew, to carry automatic distress-signal alarms. Class 3 ships, with less than
fifty in the crew, are unaffected, while Class I
ships, passenger liners and other vessels with
more than 200 persons on board are permitted
to displace
matic alarm.one wireless operator with the autopvR.of McINTYRE
of the
Ministry
the British Board
of Trade
and of
Drs.Health
H. C.
Case and Philip Morton are experimenting,
aboard the S. S. Mauritania, to develop an international medical chest, making possible a code,
directing medical treatment at sea, which will be
understandable in any language. This promises
to be an aid to smaller ships which have no
physician aboard.
"THE National Electrical Manufacturers' Association estimates that, by cutting the total
number of its meetings in half and holding the
annual meeting in the fall instead of in the spring,
it will save its members, through reduced time,
traveling and other expenses, approximately
$300,000. Attendance at some trade association
meetings of the radio industry really makes it
doubtful whether such expenses should be
charged to personal amusements or as a legitimate business expense. The radio industry might
employ an accountant to determine the financial
loss it suffers by supporting two trade— organizaH. F.
tions and then follow the wise example E.
of nema
and reduce the number to one.
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A RECEIVER to operate satisfactorily on
short waves must fulfill several important
requirements, and in explaining the design
of the short-wave receiverdescribed in this article,
it will be well to consider these one by one, so
that the reader may have a clear idea of the various phases of the problem at hand.
In the first place the receiver must be completely free from body capacity, and arranged
so that its coils pick up no energy themselves.
This means complete housing in good metallic
shields.
The receiver should be equipped with a regenerative detector the control of which must be
smooth and easy. Capacity control of regeneration has been selected as best meeting these
conditions.
Any receiver placed before the public for
construction, should, in the opinion of the
authors, be a non-radiating device.
The receiver must be selective yet must not
cut side bands, and it must cover the required
wavelength range.
Lastly mentioned but far from last in order of
importance, the set must have high overall
voltage amplification, yet keep the amplification
of noise at a minimum.
THE DESIGN OF THE UNIT
THE above resume of what a short-wave set
should be, is, of course, general, and outlines
the things to be expected from the correct receiver for this job. The set that we propose to
develop in this paper is one that fully meets this
rigid set of requirements, and at a figure that
will not strain the average pocketbook.
The set, as seen in the photographs and
diagrams, is composed almost entirely of standard commercial parts. The tuning range of
the receiver is from 15 to 140 meters, effected by
means of three sets of easily interchangeable
coils. This range covers to-day's domestic and
foreign short-wave broadcasting, and the more
important amateur bands. No audio amplifier is
included in the set, which should preferably be
used in conjunction with two stages of high-

Receiver

T.

TfiOR the first time we are glad to be able
to present a short-wave receiver using
a screen-grid amplifier which is tuned. Up
to the present time, designers of such receivers
have been content to use the screen-grid tube
as a sort of blocking tube which prevents
oscillations from the detector getting into the
antenna, and which gives a certain amount of
amplification, it is true, but not an amount
comparable to what is possible when the
amplifier input is tuned.
In the Laboratory the receiver worked
beautifully without any a.f. amplifier, the
signals from the detector being as loud as
those from an ordinary short-wave receiver
using one stage of audio. It is true that
such a receiver as this has an additional tuning control, and that for maximum signal
strength and selectivity, both the amplifier
and the detector circuits must be tuned, but it
is believed that it is worth it.
The writer recommends that 180 volts be
used on the screen-grid plate and 60 volts on
the screening grid of this tube. In the Laboratory the receiver worked properly with only
1 j 5 and 45 volts, respectively, on the plate and
grid. — The Editor.

grade audio, or better still, with a power amplifier using a push-pull circuit. The set requires the use of a 6-volt storage battery or an
"A" power unit, and three different B potentials, namely, the plate voltage for the screengrid tube, the screen-grid voltage, and the
detector plate voltage. The writers have found
that 180, 60, and 45 volts, respectively, work out
very well.
Impedance coupling is employed in the r.f.
stage, as this is the only practical method of
matching the plate impedance of the r. f. tube
at short wavelengths. A screen-grid tube is
employed on account of its high voltage ampli20

fication, and also because it is the only tube
that can supply stability to a short-wave r. f.
amplifier. A 200A detector tube should be used.
Perhaps a word as to results would not be out
of place at this point. During the short time
that this set has been in operation in our laboratory it has completely and easily covered the
world. Phone reception has been effected with
points ranging from Alaska to New Zealand and
from England to Russia and Java, not to mention many other foreign stations at lesser
distances, a low gain two-stage audio amplifier
being used on the output of the set. Quite often
signals from 5SW, the short-wave broadcasting
station of the British Broadcasting Co., in
Chelmsford, England, are strong enough to give
loud speaker operation directly off the detector
output. For those interested in amateur c.w.
reception it will suffice to say that Australian
amateurs have been heard in Ithaca, N. Y., at
3 p.m. with the phones on the table, and this
also right off the detector, using no audio.
CONSTRUCTION
IT WILL be noticed that in the design of this
1 receiver one of the shield cans called for is of
rather large dimensions, necessitated by the
placing of both the r. f. and detector tubes in the
same compartment, the overall width parallel
with the panel being 13". In some localities
difficulty may be experienced in obtaining a
shield of this size ready made, and for this reason
it was thought advisable to include a description
of the shields, for the benefit of those who wish
to make their own. Let it be said, however, that
unless one has had some experience in work of
this nature, he had better take the drawings to
a good tinsmith and have him make them, in
which case it will be well to impress upon him the
importance of having a close fit around the base;
when the two halves are put together, the gap
should not exceed 3V" at any point if a really
good
is done.may be either half hard brass or
The jobmaterial
copper and should be slightly less than 3V'. Half
hard brass 0.0225" was usec' by the writers.
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Aluminum may be used equally well but should
be roughly three times the thickness mentioned.
Upon referring to drawings in Fig. 2 it will be
noted that the developments and bending lines
are given, the lettering corresponding with the
assembly sketches, all dimensions being given in
inches and all bends are at right angles and
should be quite sharp. A wooden block roughly
6"x 4"x 7I" was carefully squared up and was
found very useful as were also a pair of large
wood clamps and a mallet.
It is advisable to commence with piece B
in Fig. 2, being careful to bend exactly on the
lines. Next the side pieces, Gi and G2, are cut
out and bent along the dotted lines, these forming the sides of the cover can, being soldered
along the two diagonal edges and also soldered
inside the top piece, B. The rectangular slot
shown in the cover cans are best cut after the
soldering is completed.
Next piece A is cut out and bent along the
dotted lines, care being taken that the lips on
the portion fitting against the panel are bent so
as to just allow room to slide the top piece in
from above.
The large can is made in precisely the same
manner except that the two rectangular slots
are provided in the cover can to accommodate the
two condensers. After the shields are completed,
three small V-shaped notches are cut in both
upper and lower portions in order to allow certain wires to go to the terminal strip and the
jack, as can be seen from the pictures.
The next step is the mounting of the shields
and the panel on the baseboard. The lower portions of the shields are screwed to the base using
round-headed screws, being sure to place the
small shield at the extreme left of the board, and
the large one about \" from the right-hand extremity of the smaller, as shown in the pictures.
The panel mounts directly to the baseboard
with four 1" wood screws. The drilling of the
panel is very simple and for that reason no layout
is shown. A f" hole is drilled f" from the righthand end of the panel to accommodate the filament-control jack.
The three variable condensers, Q G> C3 in
Fig. 1, are mounted symmetrically on the

T. R. F. SHORT
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panel as shown in Fig. 5, holes being drilled
through both the panel and the upright shield
fronts; the templates furnished with the condensers giving the exact hole positions and sizes.
The holes for the shafts of the two end conden-

FIG. 3. DETAIL OF COIL ASSEMBLY
sers are 3!" from the respective panel edges, and
3j" down from the top of the panel. The third
and larger condenser, C3, used for regeneration
control, is mounted exactly between the other
two and at the same distance from the top edge
of the panel.
THE COILS USED
THE next job is the making of the coils for
the various wavelength ranges of the r.f.
tuner, together with their mounts. All coils are
3" in diameter and are of the so-called air
wound type. The size of the wire is No. 16 and the
winding is spaced the diameter of the wire.
Windings of this type can be purchased by the
inch from most radio stores. There are three of
these coils to be made to cover the 15-140
meter range, having three, eight, and fifteen
turns respectively. The general form of these
may be seen in the photographs. The first step in
construction is to cut three strips of tV bakelite,
2h" by \" ■ Drill through all three of these strips

U— 7Js-"^< —
FIG. 2. DETAIL OF SHIELD COMPARTMENTS
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two holes exactly 2" apart and on the center line
of the strips, and of a diameter suitable to take
the male portion of the General Radio coil mount
plugs. The placing of the strips and the method
of holding the coil may be seen from the Fig. 3.
This procedure is followed in making the other
two coils.
The next thing to be done is to remove the
primary coil and its supports from the mounting
base of the Aero coil set. A piece of Bakelite
5j" x ij" has this primary mounted on it at a
point \" from an end in exactly the same manner as it was originally mounted on the Aero
base. Drill two holes in the new base exactly 2"
apart and symmetrically placed with respect
to the base. These are fo take the female portion
of the General Radio plugs. Having completed
this piece, mount it in the first shield as shown in
the Fig. 4, taking care to raise it enough so that
the plugs extending through it do not touch the
metal shield. To this base is now attached, as
the constructor sees fit, a rigid vertical rod of
copper or brass extending to a height of 65"
above^the
"signal artery"
to the set, shield
and isbase.
shownThisin isthethephotographs
and
the diagram in Fig. 3. A connection is made at
the base between this and the nearest female
General Radio mount in any convenient manner.
Care must be taken not to permit this upright
rod to extend through the mounting far enough
to come in contact with the shield base. Now
placing the small i^-volt biasing battery as
shown in Fig. 4, and wiring according to Fig. 2,
we are finished with the first can. It might be
well to mention at this point that both shield
bases are connected together by soldering a
short "jumper" wire to each and that the
ground, A minus, B minus leads are common and
connect directly to base shields.
The base for the Aero coils can now be
mounted in the large shield base by means of
wood screws and the feet supplied for the purpose. Care must again be taken to prevent the
coil plugs from touching the shield base when the
plugs are fully inserted. The location of this
mounting is very important. Its center is placed
6j" from the right-hand edge of the large shield
baseTheandset 3"of from
same.in the
Aero the
coils back
that edge
are toofbetheused
detector circuit, with the mount just mentioned,
have to undergo a little treatment before they
can be put into service. Due to the addition of
the r. f. tube to these coils, the wavelength range
is raised and we are forced to remove some wire.
From the smallest coil one half turn is to be
removed from the grid end (end farthest from
the tickler coil). To do this unsolder the wire
from the lug, slip the wire through the guide
bars until you reach a point directly above
the base, then run the wire directly down
diametrically across the coil to the lug where
it was at first, cut off the excess and solder.
In the same manner one and one half turns must
be removed from the medium coil and three turns
from the larger.
The detector socket may now be mounted in
the rear right-hand corner of the large ba-e
shield, so that the tube pin points toward the
panel. Fig. 4 shows how much clearance should
be left for the sides of the shield cover. The r. f.
socket is also mounted in this base and is located
in the rear left-hand corner, placed so that the
pin is parallel to the panel and pointing toward
the first shield. This socket is raised up on a
small wooden block until the control grid cap of
the tube is exactly d\" above the shield base.
The mounting positions of the two condensers,
C5 and C6, and the two r. f. chokes, L3 and L5,
are also shown. The 20-ohm rheostat, Ri, on the
screen-grid tube should have one lug soldered
directly to the plus filament lug on the r.f. tube
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socket, and the 10-ohm rheostat, R3, is likewise
fastened to the lug on the detector tube socket.
The location of the two fixed condensers, Q ,C7,
and C8, is also shown.
This places all the apparatus except the grid
leak and condenser, whose locations are readily
observable. The only point to be noted is the
raising of the grid-leak mount from the base
shield by the thickness of a \" wooden block;
these parts should be placed as near the detector
tube as possible. The terminal strip at the back
of the set and the filament-control jack are next
mounted as shown.
The rheostats are adjusted once, to give the
correct tube voltages, and thereafter are left
alone. Using a 6-voIt storage A battery, the
respective settings were found to be as follows:
The r.f. rheostat, Ri, was turned on one third
from the full off position and the detector rheostat, R3. was set one half from the full off position.
Should the constructor prefer fixed filament
resistors may be used for Ri and R3, the size
required for the screen-grid tube being the same
as for the ux-120 power tube: the detector takes
the usual J-ampere (four ohm) type.
In making the wiring to the terminal strip
care should be taken to make sure that the
notches provided to allow these wires to pass
through the shields have their sides well rounded
with a file so that they will not cut through the
insulation on the wires.
Having finished the preceding operations,
there are only two or three things more to be
done before putting the set on the air When the
small shield cover is slipped in place it will be
found that the vertical rod will hit the top of the
cover
a §" hole
drilledbe
in the and
coveraccordingly
to accommodate
this must
rod. be
It will
found best to drill a smaller hole first to serve as
a guide as to the position of the rod. Similarly a
J" hole must be made in the larger shield to
allow the cap of the screen-grid tube to protrude.
Great care must be taken to prevent either of
these coming in contact with the shield covers
and a small wrapping of insulating tape or a
small piece of rubber tubing is necessary to
insulate these points. A removable connection
must now be provided to join the top of the rod
and the cap of the screen-grid tube when the
shields are in place. This can be made out of
bus wire as shown in the photographs, care being
taken that a snug connection is made when it is
sprung into place.
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OPERATING DATA
TO PLACE the set in operation it is but necessary to connect it to antenna and ground, as
well as the required d.c. potentials, and feed the
output into a two-stage audio amplifier, to give
the necessary volume for consistent loud-speaker
operation. It will be found that in all probability
the dials on the tuned stages will not agree
particularly well, as it is almost impossible t6
match coils and condensers at the frequencies
with which we are dealing. The small coils will be
found to cover 14-38.5 meters; the intermediate,
35-81 meters; and the large coils 80-140 meters.
These are of necessity approximate values. It is
understood that corresponding pairs of coils are
to be used simultaneously in the coil mounts;
the home-built coils in the r.f. stage and the
commercial coils in the detector stage In changing coils care must be taken to handle them only
by their bases as the fragile windings and frames
are easily injured.
After adjusting the filament rheostats and
applying the necessary voltages, we are ready
to commence operations The set is operated
just like any tuned r f set using detector regeneration, except that the tuning is extremely
sharp.
The right-hand dial is the station selector, and
the left tunes the r.f. stage (which must be kept
in resonance with the detector circuit, for
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maximum energy transfer to the detector), and
the center dial controls regeneration. It will
be well to permit the detector to oscillate until
a station carrier-wave is heard, then bring the
r.f. stage into resonance with the detector. This
may de-tune the detector slightly, but a simple
readjustment will care for this. The regeneration control may now be backed off and the
detector should slide smoothly out of oscillation;
if it does not, a reduction in detector plate
voltage
is advisable.
broadcaster's
modulation should
now come The
through
satisfactorily.
And now a word as to the antennae for use on
short waves. The difference between high or low,
short or long is not very marked. In general a
single wire about 60 feet long placed as high as
possible will answer well.
LIST OF PARTS
THE
writer's and
receiver
follow.
Partspartsof used
equalin the
electrical
mechanical
1223
characteristics
may be used in place of those
mentioned in the list, of course.
Ci, C2 — 2 Amsco S.L.F. variable condensers,
Type 1213
C3 — 1 Amsco S.L.F. variable condenser, type
C4, C7 — 2 Tobe fixed condensers, 0.001 mfd.
C5, C6 — 2 Tobe by-pass condensers, 1.0 mfd.
C8 — 1 Tobe fixed condenser, 0.0001 mfd.
L:,mount
L-2, L4 — 1 Set Aero short-wave coils and
Ls, L6 — 2 Short-wave r.f. chokes
Ri — 1 rheostat or fixed resistor, 20 ohms
R2 ohms
— 1 Tobe grid leak, and mount, 10 megR3 — 1 rheostat, 10 ohms, or fixed resistor,
ohms
1 15-volt C battery (flashlight type)
2 Amsco full-floating tube sockets
1 Two-circuit filament-control jack
7-contact Radio
terminal
61 General
plugsstrip
2 General Radio receptacles

FIG.

I. COMPLETE SCHEMATIC DIAGRAM

1 Bakelite Panel, 7" x 21"
x 20" forx f"
21 Soft
Shieldwood
cans baseboard,
as shown or9" stock
same
3Miscellaenous
Marco vernierwood
dials and machine screws, wire,
etc., piece of scrap bakelite if" x 55" and 9
pieces \" x 25" x jV'.
The last two items are for coil mounts and base.
To put the receiver into operation the following
are needed.
11 Detector
Screen-gridtubetube
(200A type)
6-volt storage battery or A supply
Source of B power (see text)
2-stage audio amplifier

was published in Radio Broadcast in the
WE ARE being asked
'Dynamic vs.
our
opinion
of
the
June, 1927, issue and an article appeared
Magnetic
in Radio Engineering in the June, 1928,
"dynamic" speaker at £
Speakers
least once a day, and
issue.
The advantage is as follows:
our present ideas are as follows. In the
It is possible to build a quieter receiver
first place, all loud speakers are dynamic,
for a.c. operation than by the use of a.c.
in the sense that some of their parts move.
This includes the old horn type, the newer
tubes. With excellent amplifiers and dy"Strays"
namic speakers on large baffle boards
cone type, and the newest type in which
■
this is important. With the ordinary
the coil moves with respect to the field.
So the reader had best look carefully into
amplifier and loud speaker it is not imthe claims of speaker advertising, or the
portant as the average a.c. -operated set
is quiet enough.
claims of over-the-counter salesmen to
The disadvantage of series-filament
make certain that the speaker he is buyoperation is that small tubes, such as the
ing is the type he wants.
Considering the question of fidelity of
199, must be used. This fact makes it
somewhat more tricky to design the cirresponse only, not the question of effiLaboratory
cuit as when one tube goes bad the others
ciency, the moving-coil speaker compared
may follow unless precautions are taken
t6 a good cone will "prove in" only on
to prevent such difficulty. Also, under
frequencies below 100 cycles. Compared
some conditions there may be a greater
to the old stand-by, the W. E. 540-AW, a
good dynamic speaker unit on a baffle
tendency for the receiver to motorboat.
3' x 5' and one inch thick (a baffle 3'
Until the UX-201B tubes, which resquare would be equally effective) reproduced notes below 100 cycles while the
quire
one-eighth
ampere
the filament andonlywhich
are now
sold for
in Canada,
cone reproduced nothing below that frequency. Itis true that tones come out of
are released, the 199-type tubes must
the cone when 100-cycle and lower notes
be employed. These tubes have a
are put on it, but these are not true tones,
rather low gain, and are quite microbut complicated harmonics of the fundaphonic. Some other tube manufacturmental tones generated in the speaker
ers, Sonatron, for example, make an
itself. So when one listens to a good
eighth-ampere tube but these have not
orchestra with a good amplifier and good BM
been submitted to our Laboratory for
cone from a good station, the viola he Ifc
test and we can therefore neither
hears is a synthetic viola made up of ^
recommend nor discourage their use at
harmonics generated partially in the
the
present time.
speaker and partially in the ear.
Who wants technical data on seriesOn frequencies above 100 cycles the cone as amplifier, one which is flat from 50 to 5000 filam
ent operation?
tested in the Laboratory was about as good as cycles — there are very few of them — and a perECONOMY in radio receiver
the best of the dynamics. Of course, measurefectly quiet power-supply unit, and there are 'Present Designs
operation has been out of the
ments show that the cone was "down" at fre- very few of them, especially if a. c. tubes are Do
Sconomy
Not Consider
quencies as low as 200 cycles compared to the used. And there are few stations transmitting
question for several years. In
moving-coil speaker, but the ear is deceived and
programs that will cause one to note the differthe early days tubes were exsatisfied easily and reception coming from the
ence between an excellent moving-coil speaker
pensive, they required high filament currents,
and
a
good
cone.
Even
the
few
stations
that
540-AW is, in our opinion, good enough for the
and anyway who would think of investing a
hundred dollars in a radio and spending twenty
transmit down to 100 cycles do not have many
average household. The Balsa-wood speaker,
already described in this magazine, is somewhat
programs which make one wish for a better
dollars a year on upkeep? Nowadays the criterion
better than the cones, but suffers from mechanical
amplifier and loud speaker. A recent release
seems to be how expensive a radio can I build or
troubles.
from the Freshman Company states there is buy? Multi-tube sets, sets that take power — some
little music below 120 cycles. We venture to say of them take lots of it— from the lamp socket,
The moving-coil speaker, then, is better than
the good cones only on frequencies below ioo that the majority of home-made receivers using sets in which tubes don't seem to last as long as
cycles. It must be mounted in a rather large good parts is ahead of the majority of broadcastin the old days are the rule to-day.
and solid board, not in a small and beautiful
There is one notable exception to this seeming
ing stations when one considers fidelity.
cabinet. In the latter housing the lower tones will
connivance between radio apparatus manufacSEVERAL of the readers
turers and the power companies. This is the
be lost, and certain frequencies will be badly re- 'Regarding
of Radio Broadcast have — Eveready set which requires a plate current of
inforced due to cabinet resonance; these tones Series-Filament
written for information on the only 8 milliamperes. This receiver is very clearly
will " boom."
Operation
within the pocketbook requirements of the rural
Because frequencies below 100 cycles are reproblem of series-filament
listener, or the listener who desires not to awe
operation. Are there other readers who would
produced— some moving-coil speakers go down
like to have an article on this subject? Some data
his neighbors by relating the tales of his 100-watt
to 50 cycles easily — the filter of one's powerleceiver. This Eveready prodsupply unit must be such that
—
uct uses high-mu tubes, and,
no 120-cycle or 60-cycle hum
!
=-10
of course, the output will not
/
gets through. This means that
r Average moving Coil Speaker
a. c. tubes are almost out of the
V
0
be called a public nuisance. It
is a receiver we are glad to see
question — and our experience
S N ^
has been that when one places
"25
designed and sold.
\
How many readers of Radio
a socket-operated moving-coil
\
!
Broadcast would like to build
\
speaker in the middle of a z 20
o
\
A-Goorf
such a set?
large baffle board, the hum is
/ Con e Speaker
/
And while we are asking for
/
>.
pretty bad. If the speaker is a £-15 30
\
/
readers' opinions, how many
d. c. unit, it does not produce
would like to see the contents
a hum of its own, but if it has
/
\
of the magazine marked with
a small built-in rectifier the
the Dewey decimal system for
user may expect some hum —
article classification? A reader
23
if a large baffle is used.
For one who wants the best,
brings up the point that it is
20
5000 10,000 difficult
to index and to file the
100
1000
the moving-coil speaker in a
\
contents
of the magazine at
baffle about three feet square —
FREQUENCY IN CYCLES PER SECOND
50
present, and that each month
larger if possible — will give it.
AVERAGE CHARACTERISTIC CURVES OF DYNAMIC AND
he must mark the articles he
But with this combination one
ELECTROMAGNETIC SPEAKERS
wants to file according to this
must have an almost perfect
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be obtained from the Superintendent of Docuwell-known system. Such a marking might take but a dollar or two and which was worth nothing
ments for five cents, contains in few words a
place in the editorial office before the magazine
at all. Another example of the way some people
most
readable
summary of the entire problem of
acquire
experience
was
brought
to
our
attention
is put on the presses — but it takes work and
casting.
time, and it is our present opinion that there are recently.
the transmission and reception of radio broadother things which the readers would sooner see ,
In a certain store on " Radio Row," New York
City, a transformer was being sold for $1.00 to
in these pages than a classification of material.
A RECENT copy of the
which could be added a dry Portable
Wireless Trader (England)
rectifier unit, like the Elkon,
devoted sixteen full pages to
and a condenser. This equip- l(adio
Sets
describing 66 models of portament, it was said, would proble sets manufactured in that country by no less
vide the purchaser with an exthan 61 manufacturers. Only the most rudicellent A-power unit at small
cost. The idea is perfectly good,
mentary arithmetic is necessary to count the
the transformer is good, the number of portable sets made in this country;
in spite of the fact that there seems to be a
Elkon rectifier units and conrather consistent demand for them, to judge by
densers were good. Where was
the letters that come to the Editors.
the catch?
The transformer delivered
.WE ARE finding it .difficult
only 7 volts, and after passing
to know what stand to take,
through the rectifier and filter Underground
on the underground antenna
the potential was reduced to 3.8 oAerials
FIG. 1
FIG. -,
business. At present the vote
volts at the output. The comKinks on stabilising a Rice circuit
among readers of these pages seems about half
bination was absolutely worthless unless one were going to and half; some do and others don't like them.
THERE are several methods
A reader in Ontario writes: "have been using
use it on a dry-battery tube set — but nothing
How to
ground antenna for the past five years with exof keeping a Rice neutralized
was said about the voltage obtainable when
Stabilize Rice
cellent results. It consists of 50 feet of wellamplifier from breaking into the purchaser paid out his money.
Amplifiers
insulated cable attached to an old galvanized
oscillations at a very high
water tank three feet in earth. Am able to get
WE HAVE a letter from
frequency determined by the leakage induc- ^N^ew Precision
tance of the input coil and the tube capacity in in Quartz
Carl Zeiss, Inc. — whose name
British Honduras, 'Jamaica, and others on homeis known to every user of
parallel with the neutralizing capacity. One Plates
made three-tube regenerative set."
method is to insert a choke coil in the center-tap
photographic, microscopic, or
Another in Texas writes: "My experience with
underground antennas is that they are not worth
connection of the amplifier input coil as shown
telescopic equipment throughout the world —
in Fig. 1. This method is used in the R. B. Lab.
stating the firm is now building glass discs for planting, and we don't have rocky ground, nothCircuit. The choke may be replaced by a resis- measuring purposes with an accuracy of 1 00*000
ing but plain silt soil."
The following letter is from
tance as Mr. Knowles pointed out in his June, of an inch and asking if there is
a reader in Bangor, Maine:
1928, article. This method is illustrated in need for quartz plates of this
accuracy. At the present time
Fig. 2.
While I can't give you any
Another, and less expensive, method is to wind
for frequency meaa turn or two of wire about the two ends of a quartz plates
signal-static ratio, measurements,
surement and control are sold by
comparingwith
usingthean usual
underground
solenoid coil in such a direction that no loss is but few companies. We should
antenna
types, 1
introduced at broadcast frequencies but a large say that Carl Zeiss, Inc. might
have formed my own opinion
sell a number of quartz plates
loss at the frequency at which the circuit tends
along these lines. I installed a
accurately ground.
to oscillate. The direction of winding is opposite
much-advertised device, accordto the direction in which the tuning inductance
ing to directions, and operated it
is wound.
with
a Tyrman "70"
Seven
^cif
THE followIf a few ohms of resistance is inserted in this
super-heterodyne,
and screen-grid
I want to
ing booklets
are more than
say that, as an eliminator of
winding either by using a concentrated resistor,
Booklets
w o r t h y of
static and
power-line
or by using resistance wire — iron picture wire %adio
bances, itproved
to be a disturdismal
purchased in hardware stores will do — the mention — they should be read
failure. As an antenna it was
FIG. 3
parasitic oscillations will not be produced and
by all readers who like to "keep
everything will be lovely. This system is shown
very efficient,
it didn't
even
begin
to live but
up to
the claims
made for it.
Through Electrical Eyes, by
in Fig. 3.
John Mills. A reprint of an address given at Atlantic City
THERE are three RadioExtra coil and resisAfter reading the letters we
"Hew 'Radio
tor improves Rice Set
are inclined to believe that the
trons we should like to see re- Nov. 26, 1027, on the physics and
Tubes
leased in the United States.
chemistry involved in television.
underground antennas are fine
Needed
Mr. Mills is Director of Publications of the for those who ike them and fierce for those
One is the much heralded
up."
Laboratories.
eighth-ampere general-purpose tube similar in its Bell Telephone
characteristics to our 201A. It is known as the
The Elcctrad Truvoli Divider Manual, Electrad,
The trouble lies, not with the antennas, but
Inc.
who
ux-201 B.
with don't.
the advertising. If such advertising states
The Ampcritc Blue Book, Radiall Company.
Another is a power tube, called the UX-121B,
that signals will be as loud as signals obtained
The Polymet Manual of EngineeringIp Data, with high clear antennas of the conventional
which is designed for use in the last stage. It conPoly met Mfg. Corp.
sort but devoid of static, the copy should not be
sumes afilament current of one-eighth ampere,
Rp
The Gateway to Better Radio, Clarostat Mfg.
uses a C bias of 16.5 volts with a plate potential
trusted too implicitly. On the other hand, if the
of 135 volts and can deliver 125 milliwatts of Co.
advertisement states that the static will be reThe Boston Post Book on Television by Henry
undistorted audio-frequency power, an increase
duced and that reception in geneal will be clearer
M. Lane.
of almost three times the power handling ability
it seems a fair gamble.
Radio Facts and Principles. The testimony of
of the 20iA-type tube. The third tube is the
The underground antenna is not new. It is
wx-25 which is a better j-ampere tube than John V. L. Hogan before Federal Radio Comvery old. It never gave as strong signals as a
mission, July 23, 1928. This booklet, which may
the 20 1 a but not as good as our 1 12-type tube.
free wire high above earth, but under certain
The electrical characteristics of
conditions it may give reception
amp.
the three tubes described above will
freer
of static than the elevated wire.
voltage
C
P
If
We often disconnect the antenna
be found in a table on this page.
bias
Designation
725
from our own receiver during bad
Gm
15
ux-201 B
4.5 2.5 11000 8
90
. 125 amps.
PEOPLE who do
weather in order to receive local sta800 55
10000
8
9
135
The still
"gyps
business with
1000 125
5
16.5 6.0
tions with a minimum of static. This
.25
121b
are
7.9 1000 130
4.5 3.0
3.5 8000
90
wx-25
135
makes it necessary to make the set
r 1
at it
"gyps" must exsomewhat more sensitive, more
"
. 125current
pect to be "gypIf = Filament
factor
Gmu_ == Amplification
Mutual conductance
sharply tuned, and more critical
ped." Not long ago we disclosed an
Ip
=
Plate
current
in
mils
interesting output device which cost
P = Output power in milliwatts
Rp = Internal resistance of tube
of adjustment. — Keith Henney.
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FROM the standpoint of the radio dealer or
service man, the problems arising from the
service and repairing of radio sets are
most complex, as each new advance in radio design creates new. problems in repair, and almost
daily some new radio ailment presents itself for
correction. To cover all the problems of radio
servicing is beyond the scope of this article, but
there is room for considerable
discussion of the ordinary service
methods from the point of view
of the man in the field who is
meeting and solving these problems daily.
The troubles encountered in
radio servicing may be divided
into about ten major divisions,
as follows:
1 . Defective tubes
2. Defective batteries
3. Open circuits
4. Defective parts
5. Defective antennas
6. Defective grounds
7. Use of harmful gadgets
8. Misconnections
9. Short-circuits
10. Defective arresters
Under each of these major divisions are numerous subdivisions.
It is the purpose of this article
to cover the first three of these divisions, particularly the third, giving actual cases which have
come before the writer. Subsequently articles will
deal with service problems under the remainder
of these divisions. Many of the cases cited are of
an unusual nature, such as are not encountered
in the ordinary day's work, but it is such peculiar
problems which illustrate the repair man's technique better than the rank and file of radio ailments.
TUBES AND BATTERIES
THE location and treatment of troubles under
major divisions 1 and 2 require little explanation. In the case of batteries a good voltmeter
is all that is necessary for locating the trouble;
for testing tubes, a tube tester or a set of tubes
known to be good may be used. Defective tubes
or batteries should, of course, be replaced with
good ones. At this point, however, it is suggested
that a very simple and accurate method of determining which tube or tubes are weak is to insert
a 0-50 milliammeter in series with the minus B
lead. First take the total reading, then remove
the tubes one at a time and note the current drop
at each removal. The tube (not counting the
detector) whose removal gives the smallest drop
In current is the weak tube — assuming, of course,
that all the tubes are supplied with the same B
and C voltages. A recheck on this method can be
made by replacing the tubes one by one and
noting the gain per tube.
OPEN CIRCUITS
I INDER the heading of open circuits the serv^ ice problems are very numerous, and may
apply to any part of the receiver or accessory
apparatus. The methods of locating these

troubles are as numerous as the troubles themselves; the best method, perhaps, is the use of
a set checking device, of which a large number
of types are available. While the manufactured
set checkers are all good, their cost in most cases
is prohibitive, especially when a dealer or service
shop has a number of service men to provide
with outfits. The writer has designed a set

A RADIO SERVICE MAN AT WORK
checker which is not too costly and which is
built around the meters which every service man
who takes his job seriously should already possess. This checker will show short circuits, open
circuits, and the approximate condition of tubes.
Since, however, this article aims only to tell of
some of the cases encountered in radio servicing,
the construction of this tester will be given in a
future issue.
The usual symptom of an open is a loss of
volume or total lack of signal. In most instances
of sets having three dials, the trouble, if it is an
r.f. stage, will isolate itself by the fact that one
RADIO servicing problems, as they
present themselves to the man in the
field, is the subject dealt with in this article.
Mr. Alcorn, who has a thriving service business ofhis own in Long Island, divides these
problems into ten major groups, three of
which he discusses in detail; the remainder
will be treated in subsequent articles. If the
great number of service men and professional
set builders need any one thing, it is to exchange information with one another, and
we hope, in these articles and a special page
for service men which we shall soon inaugurate, to help in that direction. 25We will be delighted to hear from service men about the
subjects they would like to have Mr. Alcorn
discuss. Short illustrated contributions, not
longer
than work,
500 words,
dealingandwithif accepted,
"kinks"
in service
are invited
will be paid for at our regular
— Therates.Editor.

of the dials will have very little effect on the
tuning. Again it may show itself by a zero reading of the voltmeter connected between the plate
terminal of the tube socket and B minus, which of
course means an open primary in an r.f. coil. A
simple test in such a case is to place the fingers,
or a 2-megohm grid leak, across the primary
terminals of the suspected transformer. If the
set is inoperative because of an
open-circuited primary the fingers
or the grid leak will, I have found,
cause the set to function, though
not at its maximum efficiency.
The fingers may also be used to
determine whether or not the
open is in the audio amplifier by
touching the grid lead to the
detector tube. If the audio
system is o.k. there will generally
be produced a low howl from the
loud speaker.
Open circuits in the r.f. amplifier are among the most difficult
of troubles to locate. In the case
of open
in modern a.c.grid
sets,suppressors
for example,
the
writer has found that few if any
of the set checks will show this
trouble, which manifests itself by
lack of volume — a condition
which might be attributed to a
number of other causes. A quick test for faults
in these resistors, which are usually of the wirewound type, is to touch the stator plates of the
variable condensers with the point of an ordinary lead pencil. If the suppressor is open there
will then be a noticeable increase in volume; if
not, the volume will decrease.
An unusual open was recently encountered by
the writer in a Thermiodyne TF6 which for a time
was very baffling. The set check showed that all
the coils and connections were perfect, yet a jar
would either cause the signals to disappear or
come in more strongly. It certainly looked like
an open or loose connection, and that was what
it turned out to be, but in a very unusual place —
the gang condenser. The condenser was of standard design, that is, the stator plates were wedged
into aluminum supports, and it was found that
the plates in the second condenser had become
loose where they fitted in the stator support.
Some ingenuity was necessary in remedying this
trouble, as it was impossible to get a new gang
condenser for some time, and difficulties in soldering aluminum made it impractical to solder
the plates in place. As a solution a magneto file,
such as is used to clean breaker points, was
ground to a chisel edge, and a wedge driven under
the condenser to break the force of pounding
upon it. Then with the improvised chisel, which
fitted easily between the stator plates, a burr was
struck on each side of the loose plates, causing
the metal of the plate supporter to grip them
tightly. The job was reassembled, and the contact formed between the plates and the supporter
was found to be sufficient to make the set operate
without fading regardless of the amount of jogAt the shop we recently ran into another very
ging-
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peculiar open in the r.f. amplifier of a Radiola 18. This particular open had all the symptoms of a short-circuit. When the call for service
came in over the phone the owner stated that the
set had been performing satisfactorily when
suddenly it had died down, come in strong again,
and then stopped entirely. It looked as though
the trouble came from a defective UY-227, and
the only equipment taken on the call was a good
tube. Upon arrival at the owner's home all the
tubes were found to be lighting properly, but
no signals came through. It was then noted that
the power-pack was beginning to smoke; the set
was therefore brought back to the shop, as it was
thought that the power supply was at fault. Upon removal from the cabinet, one section of the
voltage-divider resistance was found to be so
hot that it could not be touched. Nevertheless,
when the power unit was given the manufacit proved totoanother
be in good
condition,
and whenturer's testconnected
receiver
of the
same type it worked without heating.
Next the receiver was given a continuity test
and strange to say, came through with flying
colors. There seemed nothing to which to attribute the heating of the voltage divider except a
short-circuit. However, as a final test a set
checker was used on the receiver, and when
plugged into the third r.f. socket showed an open
in the plate circuit. This was located in the
primary of the third r.f. coil, and when remedied
the set performed better than ever, according
to its owner. In my opinion the heating of the
voltage divider was caused by the feeding back
to the power unit of the current that was supposed to flow through the defective primary.
The symptoms were certainly those of a shortcircuit and not an open. The reason that the
open did not show up in the continuity test was
that the break was so minute that the high voltage used in the test — we used 400 volts d.c. from
a B-power unit that we happened to have in the
shop — jumped the break and thus gave a reading
on the meter. Fig. 1 shows the Radiola 18 circuit.
An easy method of localizing opens in the r.f.
side of almost any receiver is the well-known one
of disconnecting the antenna and connecting it
successively to the grids of each of the r.f. tubes
up to and including the detector. This method
was tried without success in a recent case of an
Atwater Kent Model 35 which had an open of
such microscopic size that the circuit continuity
seemed to be o.k. when tested. Still only two

near-by and powerful stations would come
through, and their signals came in accompanied
by a hissing, frying sound. It was necesary in
this case to resort to a voltmeter and low-voltage
battery to locate the open in an r.f. coil. The coil
had to be rewound.
Another case occurred recently in which an
open that appeared to be in the set turned out
to be in a vacuum tube. The tube in question was
used in the audio, and the first diagnosis was a
burnt-out audio transformer. However, test of
the transformers showed them to be in good condition. When a new tube was used in place of
one of the audio tubes the receiver functioned
perfectly. The defective tube was tested in the
shop and showed no plate current, although it
appeared to be in good condition. A section of the
base was then cut off and showed an open circuit
in the plate lead. This is the first case of this sort
that we have encountered.
A curious case of coincidence once occurred
when two sets in different parts of the town,
identical in installation, came to us at the same
time with exactly the same defect. The first diagnosis was an open circuit, but both sets were
found to be in good condition, as were the antennas. Still neither of the receivers gave any
signals, or at best very weak signals. The owner
of one of the receivers was asked whether he had
noticed anything unusual about his receiver previous to its breakdown, and recalled that about
a week previous to the breakdown the set had
stopped altogether and had started up again
when he had opened a window. The window was
the one through which the lead-in wire entered
the house. An inspection of the lead-in wire
showed that it was broken inside the insulation
about a foot from the lead-in strip, and that when
the window was raised it released the tension
on the wire and allowed the two broken ends to
meet and form a contact. However, after a week
of constant tension the insulation stretched so
much that it kept the two ends permanently
separated.
A unique case of an open in an accessory occur ed ina Zenith six-tube receiver equipped with
a B-power unit, trickle charger, battery and relay. The combination had been giving good
service for a long while when the service man was
called in on the complaint that the set was very
noisy. The set was turned on when the service
man arrived, and a test showed it to be o.k. The
man waited about half an hour, as the owner

THIS SCHEMATIC DIAGRAM SHOWS THE

NOVEMBER,

BROADCAST

1928

stated that the trouble did not always show up
at first, but nothing happened. It seemed to be
a case of local disturbance. The service man
returned. He had hardly reached the shop, however, when the owner called by telephone to say
that the receiver was "acting up" again. He was
requested to leave the set going until the service
man arrived. Upon arrival the service man found
the loud speaker giving out a continuous buzz
that the removal of the antenna, ground and
three r.f. tubes did not diminish to any appreciable extent. The trouble turned out to be in the
relay, the spring of which had somehow increased
its tension to such an extent that it caused arcing
at the contacts; this caused a noise that fed
through to the set. It was necessary for the set
to remain in operation from thirty to fifty minutes before this happened, the cause being the
heating of the relay.
Before concluding it is well to call the attention of all service men to the importance of consulting the owner of a defective set as to any
unusual effects he has noticed in its operation —
just as a doctor inquires as to the symptoms of a
patient. Many times the hints dropped by the
set owner are invaluable in localizing the trouble
and making an exhaustive test unnecessary.
Another thing that all service men should ask is
whether any attempt has been made to remedy
the set before he arrived. In many cases an inexpert attempt to remedy a minor trouble has
resulted in serious breakdown. A recent case
occurred where the only trouble was the removal
of the attachment plug of a light-socket operated
receiver. The owner, who knew nothing of radio,
attempted to remedy the receiver by changing
six connections on the power unit. He said nothing of what he had done, and a service fee of
ten dollars was charged against him for the tests
which were necessary. If he had been asked or
had told of his own attempt, the repair could
have been made in a few minutes.
The foregoing are among the most unusual
cases of open circuits encountered by the writer,
and it is quite certain that equally peculiar cases
will turn up in the future. It is hoped that space
will permit to pass these on to the readers of
Radio Broadcast. The next article in this series
will be devoted to troubles arising from defective
parts — a category that includes a wide variety
of radio "griefs." The article will also include a
description of the construction and use of the set
tester referred to in this article.
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The Effects of an Electric Current
CUPPOSE we have a source of electricity, a battery for example.
0 Howof can
be made
aware
its presence?
To demonstrate
the
effects
the we
electric
current,
whichof are
(A) chemical,
(B) heating, and
(C) magnetic, we shall need the following apparatus:
LIST OF APPARATUS
1. Six-volt storage battery or three dry-cells;
2.
compassof bell
costing
3. Mariner's
One-half pound
wire;about $1.00;
4. Glass
Copper-sulphate
5.
tumbler; crystals, about 25 cents worth;
6. Rheostat, 30 ohms;
7. Two Morse Eureka spring clips;
8. Two Fahnestock clips;
9. Brass angles, screws, bakelite strip, etc., for mounting compass;
10. chemical
Metals, such
as brass screws, zinc battery case, iron, etc., for
experiment.
PROCEDURE
A. To demonstrate the magnetic effect of the electric current:
1. Wind about 30 turns of bell wire into a coil about) six inches in
diameter. The exact size of wire, number of turns, and size or form of
coil are not important. At about the 10th and 20th turns make a twist
in the wire and scrape the insulation from it so that the Eureka clip
may be attached to these points.
FIG. 3. DEMONSTRATING ELECTROLYSIS
2. Mount the compass on a supporting stand in the center of the
coil as shown in Fig. 2.
it with water and throw it away. If some of the acid gets on the hands or
3. Connect the rheostat, coil, battery, and clip as shown in Fig. 1.
clothing, cover acid at once with ammonia or borax solution.
4. Place this home-made assembly, known as a galvanometer, with
respect
to the the
earth's
North needle
and South
poles with
so thatthe when
on
the device
compass
is parallel
coil. looking down
C. To demonstrate the heating effect of the electric current:
5. Note the effect on compass needle when: (a) the clip is placed on
1. If you have not already accidentally demonstrated the heating
various turns of wire and the circuit is closed by moving rheostat arm,
effect of the electric current in experiment A by turning the rheostat too
(b) the battery connections are reversed, and (c) the voltage is varied
near
the "all out" position,
so now, the
taking
to letof thethecurrent
by using only one, two or three cells of the
flow dothrough
last care
few notturns
rheobattery with rheostat in same position.
stat long enough to burn them off.
6. Remove compass from its support and
DISCUSSION
place it over, and then under, one of the wires
connecting the battery and coil. Close circuit
A. The fact that the compass needle moves
to coil. Note effect on needle when (a) position
when it is near a wire, or a coil, carrying an
of compass is changed, (b) battery connections
electric
a magnetic
field
are reversed, (c) strength of current through
surroundscurrent
such indicates
conductors.thatWhen
the current
wire is changed with rheostat arm and (d) disis turned off this field no longer exists and the
tance of compass from wire is increased. O
7. Note what is said about electro-magnetism
30 ohms
needle
is thenThe influenced
by the earth's
magnetism.
stronger only
the current,
or the
on pages 100-105 of the Signal Corps book,
greater the number of turns of wire, the
"Principles Underlying Radio Communicagreater is this electric field, and for this reason
tion." ($1.00 Government Printing Office).
it will exert an influence on a compass at a
greater distance, or at a given distance the
B. To demonstrate chemical effect of the electric
2-6 Volts
current:
needle will be caused to swing a greater number of degrees. When the direction of the cur1. Place a few crystals of copper sulphate
rent flow through the wire or the coil changes,
in a glass container, such as a tumbler, and
the needle changes
its direction
too. The
galcover with water. Attach a large copper lug, a
vanometer, therefore,
is a sensitive
detector
washer or a penny with a hole in it to a wire
not only of the existence of current but of its
and connect it to one terminal of the battery.
FIG
I
strength and direction too. Measuring instruTo the other terminal of the battery attach a
ments, such as voltmeters and ammeters, utilwire to which may be connected, by means of
ize the principle demonstrated here although
an Eureka clip, with the various metals such as
aor steel
screw part
driver,
binding posts ii B. much more exact and precise manner.
washers,
of theironzincscrews,
case brass
of a drystrip,
cell,nickel-plated
etc.
When two dissimilar metals are placed in a solution — copper and
2. Note effect upon these metals when they are submerged in the
zinc
in a copper-sulphate
solution,
exampleThe
— andsolution
a current
passed
through
the circuit, various
thingsforhappen.
may is change
copper-sulphate solution and current is passing through the circuit.
color, bubbles may be seen coming from one of the metals, or one piece
3. Reverse battery connections in each case and note result.
of metal,
known as the electrode, may have a deposit on it. This is the
4. If a voltmeter, reading not over 5 volts, is handy, connect its termprinciple
WW- which underlies the electroplating of metals. Storage and dry
the two wires
Note the
cells are commercial applications of the fact demonstrated in paragraph
voltageinals todeveloped
by thefrom
cell the
and copper-sulphate
its polarity whencontainer.
various metals
are
B4, that two dissimilar metals in a proper solution develop a voltage.
used. Use galvanometer already described if voltmeter is not available.
C. The fact that a wire gets hot when sufficient current flows through
5. Replace copper-sulphate solution with a small amount of the elecit demonstrates another of the effects of the electric current. The amount
trolyte from the storage battery. Remove electrolyte from battery with
of heatrent andgenerated
per unitof ofthetime
upon isthemade
strength
cura hydrometer or medicine dropper, taking care that no acid touches
the resistance
wire.depends
This effect
use of ofin the
electric
anything but the glass container. Repeat experiment above. Do not
irons, water boilers, toasters, etc. Some wires when heated change in
return electrolyte to the battery, since it is now quite impure. Dilute
length appreciably. If such a wire is stretched between two fixed
points, the extent to which it sags may be used to determine the amount
of current flowing. A device using such a principle is known as a "hotammeter" andcurrent
such meters are used to measure antenna current,
ormeter
forwirecannot
measuring
be used. in circuits where an electromagnetic type of
~ V

O

FIG. 2. DEMONSTRATING MAGNETIC FORCE

QUESTIONS
1. Suppose current flows out of a battery from the positive terminal
through the circuit and into the battery at the negative terminal. Can
you determine
a law relating
ment of the compass
needle? the direction of current flow and the move2. Do flow
you and
knowneedle-swing?
the "right-hand rule" for determining direction of
current
3. Can you explain what happens in the process of electroplating?
4. Why is a voltage developed in the copper-sulphate experiment?
5. What determines the polarity and magnitude of the voltage?
6. What are the bubbles appearing at one of the metals in the acid
solution?
7. What generates the heat in a wire when current passes through
8. Do you know the law applying to resistance, heat, and current?
9. Why is manganin
considerable
heat is to orbe nichrome
developed?wire used instead of copper where
Note.
The
answers
to
these
questions will be found in the Signal Corps
book.
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Radio Broadcast's Home Study Sheets
Alternating Current
Part III
TTOME-STUDY Sheets 7 and 8
some andof the
properties
a.c.* gave
circuits,
of the
effects ofof
an inductance upon such circuits.
Since radio circuits are made up
largely of inductances and capacities, it remains to study the effect
of a condenser upon an a.c. circuit.
In many ways the effect of a coil
and a condenser are opposite, for
example, the larger the inductance
the more it opposes the flow of a.c.
current, but the larger the condenser the less it opposes the flow
of a.c. current. The higher the frequency of the a.c. voltage, the less
current
through
a given
FIG.
inductancewillandflow
the more
current
will
flow through a condenser. When a
combination of coil, condenser, and
frequency is chosen so that a condition called resonance occurs, the
effects of the inductance and condensr are exactly equal and opposite,
so that their opposition to the flow of a.c. currents cancel each other.
CAPACITY REACTANCE
The opposition to the flow of a.c. currents offered by a condenser is
inversely proportional to its capacity, the property of a condenser which
tends to prevent any change in the voltage of a circuit
When current flows into a condenser, from a battery, for example,
avoltage
voltageof isthebuilt
up across
plates. When
th:s the
voltage
equals and
the
battery
no moretheelectricity
flows into
condenser,
we say it is charged. If the battery is removed, and a wire connected
across the plates of a condenser, a spark jumps and the quantity of
electricity stored there rushes through the wire. The condenser is now
said to be discharged. When an a.c voltage is impressed on a condenser,
the quantity or charge flows into it until the condenser is at the same
voltage as the charging voltage. At this point, the voltage of the a.c.
circuit changes polarity; that is, it is now in the opposite direction. The
condenser,
at its original
polarity,
to discharge into however,
the line andis tostillmaintain
the voltage
of the and
line. tends
A condenser,
then, helps to maintain the voltage of a circuit constant, and by so doing
it resembles a reservoir which is filled up when the voltage is high, and
is allowed to discharge when the voltage is low.
When the condenser is charged, it is surrounded by an electrostatic
field just
netic field.as a coil carrying a current is surrounded by an electromagThe opposition which a condenser offers to the flow of current is
known as its Reactance, and is measured in ohms just as resistance
or inductive
reactanceandis. the
Thisfrequency
capacity ofreactance
inversely
proportional to the capacity
the circuit.is The
abbreviation
and formula for capacity reactance are,
1
6.28 X C X f
Xc =
Thus, doubling the capacity or the frequency, halves the reactance.
Since the voltage across a condenser does not rise to its maximum
value as soon as current flows into it, there is a lag between the times
of maximum
current and maximum
voltage. However,
as we express the
current phase with
respectage phase,
to the voltthe current weintosaya
condenser leads the
voltage
As
a matteracross
of fact,it.
the maximum voltnot reached
untilage isthe
current
has gone through
90 degrees, or one
fourth of its cycle.
In other words, the
current in a capaFIG. 2
city circuit is said
(o lead the voltage by 90 degrees.
This is illustrated in Fig. 1 in which the maximum value of voltage is
reached 90 degrees after the maximum current. It is also illustrated in
Fig. 2 in which are two arms rotating at the same speed but 90 degrees
apart. In the case of an inductive circuit the maximum value of the
voltage is ahead of the maximum value of the current; in the capacity
case the voltage is behind the current.
Since the maximum values of current and voltage are 90 degrees
apart, we must take this fact into account when we desire to know the
instantaneous voltage or value of the current. If the voltage is at the
60-degree phase, the current is at the 150-degree phase. This angle of
90°
called the
of lead, orvalue
the phase
and iscurrent.
The angle
instantaneous
of the angle
currentbetween
is giventhebyvoltage
i = I sin (<t> + 90°)
Example. What is the instantaneous current in a capacitive circuit
when
the voltage
is at themay60-degree
phase ifas the
maximum current is
10 amperes?
The answer
be calculated
follows:
i == 10
10 sin
sin 150
(60 + 90°)
= 10 x .5
= 5 amperes
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f£
Note: The sin of angles greater
than 90° may be found from the
expression, sin (90° + A°) = sin
1 180°
Fig. —3 A°)
is a vector diagram of the
above example. It is drawn to scale
so that the various lengths of lines
represent
the various values of current and voltage.
CURRENT IN CAPACITIVE CIRCUIT
The current in a resistance circuit
Law; divided
the currentby
isis given
equal byto Ohm's
the voltage
IT
the resistance, i.e., I : R
The current in an inductive circuit
is equal to the voltage divided by

the inductive reactance, i.e. I
Xc
Similarly, the current in a capacitive circuit is equal to the voltage
divided by the capacitive reactance, i.e., I = ^
I = E 6.28 v f x C
and if the voltage is effective, maximum or instantaneous, the current
has corresponding values.
IMPEDANCE
Suppose a circuit has resistance and capacity, resistance and inductance, orofa all
combination
three
factors, each of
which is tending to
opposecurrent.
the flow
a.c.
Whatof
is the resultant opsition or impedance? In a poresistance
or reactive circuit
several
we
canvalues
addto get
the "~ 3
the final
resultant
—remembering that
the effect of a capacity is opposite to
that of an inductance so their reactancestracted— must
subbutbe when
resistance
and
reactance are combined
FIG. }
we cannot add them
algebraically. They
= 5 is according to the formula
must be added vectorially, that

R3t/R'+ X?
+ X-'
l/R=+ (Xl-XcP
This can be done by arithmetic, or by graphical means.
Example. What is the impedance when R = 3 ohms, X = 4 ohms?
= 3-' + 4'
= l/9 + 16
— 4
This expression may remind the experimenter of one of the first
in geometrytriangle
he learned,
namely,
the hypotenuse
alawsright-angled
is equal
to thethesum"square
of theonsquares
on the twoof
sides."
If,
therefore,
in
Fig.
3,
we
lay
off
a
line
equal
in
length
to threeto
units and label it R, and make another line perpendicular to it equal
4 and call it X, the length of the line that closes the triangle will be
equal
Z.
The toreactance,
X, in this problem can be pure a inductive reactance
of 4 ohmsductiveorand capacitive
a capacity reactance
reactance such
of 4 that
ohms,theor resultant
a combination
obtainedof inby
subtracting
them
equals
4
ohms.
For
example,
if
Xl
= 8 ohms,
Xc = 4 ohms then
X = (Xl — Xc) = (8 — 4) = 4
or if Xl = 4 ohms, and Xc = 8 ohms, then
X = (Xl — Xc) = (4 —
When, however, this value of minus 4 ohms is squared it becomes a
positive
quantity equal
to 16 and may be fitted directly into the equation to determine
the impedance.
PROBLEMS
1. Plot the reactance of a 1-mfd. condenser as the frequency is varied
from 100 cycles
cycles.
condenser
at 10 tokc?10,000
At 1000
kc? What is the reactance of a 0.001-mfd.
2. Make a vector diagram for the following condition and solve by
means of the formulas above. In a capacitive circuit the instantaneous
voltage ifat thetheeffective
30-degreecurrent
phaseis is10 5amperes?
volts; what is the instantaneous
current
3. What is the reactance at 1000 cycles in a circuit which has a
0.25-henry
and a 0.01-mfd. condenser? If the condenser
has a capacityinductance
of 0.001 mfd.?
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IN ORDER to reproduce radio programs in value of effective tube input capacity. This effect since the impedance at the lowest frequency
sufficient volume to fill a room from a loud- is generally overlooked, although it is actually desired must be several times greater than the
tube impedance. The principle of resonance may
speaker, some type of audio amplifying sys- very important, as can be seen from the followtem following the detector tube is necessary.
be used to overcome this loss at low frequencies
ing. The input capacity of a tube is obtained
from the formula.
Immediately difficulties are inevitable from
but not the loss at the upper audio frequencies.
Another factor for either of the above systems
this necessity, since to obtain good reproduction
.+-?M
it is necessary to amplify equally all tones or
is the relatively low gain, so that with 201 a or
C = Corf + Co >[
L
r„
+
n
J
frequencies up to at least 5000 cycles and down
226 tubes about three stages would have to preto less than 100 cycles per second. There
cede a type 250 power tube. This
are several types of audio amplifiers in
means a four-stage amplifier, which is
uneconomical besides having wonderful
widespread use which must first be considered briefly before going on to a depossibilities of singing or motor-boating.
CT*H E question as to whether each piece of apparatus
The next amplifier to be considered
scription ofa new audio system designed
■*■
in
a
radio
receiver
should
he
perfected,
or
whether
to overcome many of the defects of better results would be obtained if the entire system were
is the transformer-coupled type. This type
present systems.
of amplifier has been developed about
designed to have a "flat characteristic," has been the cause
of considerable discussion.. The advantage of the latter as far as it can within practical limits
RESISTANCE AND TRANSFORMER COUPLING
is that a higher over-all amplification may be using special alloy cores and special
C IRST let us consider the usual re- method
secured. The Remler amplifying system employs two windings. By keeping the turn ratio
fairly low, 2 or 3 to 1, the response curve
' sistance-coupled amplifier where the audio-frequency stages, each of which produces some
can be made to cover a frequency range of
plate is connected to the next tube distortion,
but
the
defects
of
one
compensate
those
of
the
through a coupling condenser and the other. — The Editor
from 70 or 80 cycles up to 5000 or 6000
cycles without much droop at either end.
plate and grid potentials are fed in
The advantage of transformer coupling
through resistances. If the plate resistor, Ri, in Fig. 1, is equal to or
lies in the fact that low-mu tubes may
be used and good gain per stage may
greater than the plate impedance of
still be obtained. Herein also lies a disadvantage,
the tube, the tube will operate over a straight
Where Cgf = grid-filament capacity of tube.
since with the new dynamic loud speakers and
part of its characteristic curve, so that
Cgp = grid-plate capacity of tube.
the voltage impressed on the first grid circuit may
type 250 power tubes, a greater amount of gain is
rp = plate resistance of tube.
required. Let us consider the requirements set
r; = coupling resistance.
be amplified without distortion. Now if the coupA typical example is
up by the use of a good dynamic loud speaker.
ling condenser, C, is made so large that its reactance issmall in comparison to the grid reLOUD SPEAKERS AND POWER TUBES
sistor value, the loss in amplification will not be C = 6+ 12 1 + 30 x 250,000 — I 270 mmfd.
A NYONE who has listened to a good dynamic
great. However, a large condenser takes a longer
250,000+ 100, 000 J
loud speaker will admit that this type is
period to discharge, so that if a large a.c. voltage
very much better than the magnetic drive types.
should be impressed across it— enough to swing This value is enough to practically short-circuit
29 higher the The improvement is so great that this coming
the grid of the next tube positive — the tube will the higher audio frequencies. The
block and become inoperative. Using a small amplification constant of the tube, the greater year will see a rise in popularity probably as great
value of grid resistor, R2, or a small coupling this capacity will be.
as the magnetic-cone speakers had over the old
The latter effect is present in impedance couhorn-type speakers of a few years ago. The older
condenser, the low frequencies will be discriminpled amplifiers to even a greater extent than in type of cone speakers using a magnetic drive
ated against enough to cause the response curve
unit, are incapable of reproducting low notes or
to fall off rapidly. Another drawback to resist- other systems because the distributed capacity
of the coupling choke coils adds to this capacity.
very high notes either. The magnetic type of
ance-coupled amplifiers is the low gain obtained
when using ordinary 201 a or 226 tubes. The use of The actual tube input capacity may be less speaker that will actually reproduce tones below
high-mu tubes will overcome this, but then the but the other capacities generally more than 200 or 300 cycles per second is very rare and none
high frequencies may be lost due to the larger make up for it. The low frequencies may be lost will give a true response below 100 cycles. The
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author has had the opportunity of running re- nearly negligible. Now consider the case where a 6| to 1 ratio could be designed with a frequency
sponse curves on about three dozen different
pair of transformers having an effective turn ratio response as shown by the curve of Fig. 2.
types of loud speakers and it was found that the of 3 to 1 are used. The voltage available to swing There is a drop on the low frequencies even when
using a 112A tube having a plate impedance of
response below the limits mentioned is only ap- the grid of the power tube can be figured from
parent; that is, the response is not actually the E = ^ X3X8X3 =24 volts, which is not suffi- about 5000 ohms. Using a 201 a tube having a
real low tones but consists of higher harmonics.
cient. This figure of 24 volts shows that the detec- plate impedance of about 10,000 ohms, there is a
tor would have to put out nearly 1 volt across the very bad drop at both the high and low frequenFor example, one very excellent magnetic-type
cies, giving the effect of a peaked amplifier. Using
speaker at 60 cycles gave a good apparent re- primary of the first audio transformer to obtain
sponse but when the wave was
a 70-volt power tube grid swing, a 1 12A tube, such a transformer would be fine for
and this would be an enormous
the second stage but would be hopeless for conanalyzed it was found to conoverload on the detector. The
sist of less than 5 per cent
necting to a detector having a high plate impedfundamental tones of 60 cycles.
above values of voltage are all
ance. That problem and also the one of compensating for the low frequency droop of the second
in terms of maximum a.c. voltAll of the "noise" consisted of
higher harmonics which would
age, not average values, and stage were solved as in the manner described bemean very serious distortion of
the first amplifier tube was
low.
assumed to have lari effective
the low frequencies in music
A RESONATED PRIMARY
reproduction. On the other
gain of 8, since the mu of a
20
1
A
tube
is
about
8.5
or
more.
COR several years the different telephone rehand, a- good dynamic loud
FIG. I
This means that the transspeaker in a large baffle-board
* peaters and many broadcast station ampliformers will have to have a
fiers have used the principle of resonance in the
or large cabinet is capable of
much larger turn ratio than 3 transformer primaries to bring up the low-fretrue response down to 30 or
40 cycles and up to between 5000 and 7500 to 1 unless more than two stages are to be used.
quency response. There is no reason why this
arrangement should not be used in radio receiving
cycles per second. Below the cut-off of the iMore than two stages are rather undesirable from
baffleboard or cabinet the response is similar to a cost and space required basis as well as because
set amplifiers, so a first-stage transformer was
designed with primary resonated at about 30
a magnetic-type speaker in that it consists nearly of more tube noise and motor-boating possibilities.
entirely of harmonics. A dynamic speaker re- Increasing the turn ratio means that the prim- cycles per second. Fig. 3 shows a complete audio
quires an amplifier of large power rating if low
ary windings will have to be diminished in size amplifier with the first transformer primary windfrequencies are to be reproduced without over- or the secondaries increased. Decreasing the
ing resonated by means of condenser d. Resonance has the effect of lowering the total plate
loading. Agood loud speaker mounted in a large primary turn lowers the primary impedance to
cabinet, or in a large baffleboard, or better yet, low notes so that the response to these notes will circuit impedance to that of the a.c. resistance
in a wall, will take nearly the full output of a be poor. Increasing the secondary turn increases
of the circuit only. The action is as follows: At
resonance the current is increased through the
type 250 power tube for even good room volume.
the secondary capacity to ground or distributed
A good deal of power is necessary for the low capacity to such an extent that the higher fre- detector plate circuit load, since the impedance
notes, and the better the frequency response
quencies are lost. This is very important because
at resonance is equal to the resistance component
range of a loud speaker, the greater must be the brilliant reproduction depends on the presence
only. This means that the voltage drop across the
power output of the audio amplifier for the of frequencies up to 5000 or 6000 cycles per condenser and across the inductance of the
same apparent volume. A type 250 power tube second.
primary winding will be increased due to the
The only way seems to be to cut down on the increased current flow. The increased voltage
or its equivalent must be used to prevent overloading on the very low notes such as may be primary number of turns, since even resonating drop across the primary, causes a larger voltage
transmitted from an organ, a bass viol or tuba,
the distributed and shunt capacities with the to be generated across the secondary, with
or even a bass voice. To hear the bass notes in transformer leakage reactance does not make a a rise in the response curve. The amount of
their proper relation to the higher notes from a good high-frequency response when a large riseat resonancedepends on the circuit constants,
radio receiver is to have real enjoyment from
secondary winding is used. By using a large that is, the plate impedance of the detector tube,
the value of the resistance, Ri, and the relative
good radio programs.
core of very high-grade material, a nickel-steel
To project equal volumes of sound into the alloy, the impedance presented to the tube can
sizes of the condenser, Ci, and the primary inbe increased so that it is still several times"/ that
ductance ofthe transformer. The resistance, Ri,
air at 1000 and 100 cycles it requires a much
may
be
made
part of the resonant circuit by
greater movement of the sound-producing dia- of the tube even at the low frequencies.
The
im1 it relatively small, or it may be made
phragm at the lower frequency. The dynamic
pedance increases with frequency, so'a that most
making
speaker has the ability to reproduce these low of the voltage generated by the tube appears
high, on the order of "*100,000
ohms, so that it
>
tends to isolate the resonant
part of the audio
notes partly because the movement of its dia- across the transformer primary for higher notes.
Since the primary impedance is less for lower circuit from the plate supply unit. In this case it
phragm may be much greater without mechanical rattling than is possible in the magnetic
frequencies, the proportion of voltage drop across
confines the audio frequencies to the path
type. These large movements, in turn, imply the tube impedance is greater, causing a droop
through condenser O and the primary winding
that considerable electrical power is available to in the response curve. It was found by laboratory
to the filament. By keeping Ri high in value,
drive the moving parts of the speaker, and
tests that a very good transformer of as high as the loss due to it at higher frequencies is rethis in turn means that a power
duced. Since the audio-frequency
18 ^ path in this circuit is isolated from
tube with considerable output
50
must be used. The 250-type tube
all cha rack tsti cfir
the plate-supply unit, the chances
1. r
1000
has sufficient output for this
Over
of audio regeneration or motorX
purpose.
boating are practically eliminated.
This removes a bugbear which is
\
300
THE IMPORTANCE OF THE TURN
\
RATIO
generally very troublesome in high14 g
gainAn amplifier
systems. connection
100
auto-transformer
TO WORK a type 250 power
-arts/
v':l
ransj
tube to its full capacity the
is used in the first stage, since the
Seeonc
40
■stage t
audio transformers preceding it
effective turn ratio is much greater
6
for
the same total number of turns.
should have a rather large turn
s
■stage t
WW
ratio in order to prevent overload
The
response characteristic of such
ra
:
12
of the detector tube. A detector
a resonated transformer is shown
First
I
?r-mti>
H 1
tube produces higher harmonics
by the lower curve of Fig. 2.
The resultant characteristic for
of any audio tone, and these are a
8
the two transformers is shown on
source of distortion, since they
\ 166 £
the same curve sheet and it is flat
104
change the character of the reproduced tone. The greater the
crdown to 50 cycles per second. Cer2
output required of the detector
tainly no ordinary transformertube, the more apparent this effect
o
oooooog
8 S
coupled signed
amplifier
be debecomes, so it is desirable to limit
c\j <"0 ^ m co o
o a
which wouldcould
amplify
so
the detector tube output to less
evenly all frequencies as will this
FREQUENCY, CYCLES PER SECOND
than j of a volt. With outputs of
special combination. The total
FIG. 2. RESPONSE CURVES OBTAINED
less than § of a volt the ordinary
gain using a 112A tube and a
201A detector tube distortion is
WITH
HIGH-RATIO TRANSFORMERS
type 250 power tube is about
,0

A

NEW

AUDIO

SYSTEM

57 tu. This does not include the detector audio
gain.
The use of the same resonating idea in the
second transformer is unnecessary, since we' are
interested only in obtaining a perfectly flat
characteristic with a very large voltage gain.
One difficulty is that the d.c. voltage drop
through a shunt resistance would be enormous
unless small values were used. For example, 3
milliamperes through 100,000 ohms would cause
a 300 volt drop. The heating effect would be
troublesome also since nearly one watt would
have to be dissipated in the form of heat. If
low values — less than 30,000 ohms — were used,
the audio-frequency loss through the shunt
resistance would be a large percentage of the
gain of the transformer. In that case an ordinary
low-ratio, high-quality transformer might as
well have been used.

FOR
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Ratio 4)5:1

FIG. 3. SCHEMATIC DIAGRAM OF COMPLETE

audio stage, since the amplification is so
THE OUTPUT TRANSFORMER
high at 60 cycles. However, experiments with
I N CONNECTION with the complete amplifier special amplifiers cutting off very sharply
* system, the last, and perhaps the most im- just above 60 cycles per second, have shown
that the hum when using a.c. tubes may
portant link in the chain, is the output device.
be made nearly negligible. The reason for cutting
It was found that the best output transformers
on the market were quite unsatisfactory below
off above 60 cycles is apparent when it is re200 cycles per second when the full plate current
membered that ordinary loud speakers are excellent harmonic producers on low frequencies.
of a type 250 power tube was flowing through
the primary. Core saturation takes place and The use of raw a.c. on the filaments of the tubes
even with a good-sized air-gap in the core few causes a 60-cycle component to be impressed
notes below 200 cycles reach the loud speaker.
in the grid circuits with the result that if the amplifier system is good as low as 60 cycles, this
However, an output transformer is quite necessary with a dynamic loud speaker in order to frequency will be amplified and reproduced by
match properly the load to the power tube. By the speaker. The speaker, in case it is a cone or
keeping the d.c. current out of the output trans- small horn will reproduce it as 120 cycle and
higher tones. The point is that by not amplifying
former bymeans of a choke coil, L2, and condenthe 60 cycle component, practically all of the
ser, Q, as shown in Fig. 3, the transformer may
be made very excellent for even the very low composite a.c. hum in the loud speaker is
frequencies. The condenser, C2, may be made to eliminated.
Immediately the idea of resonating the primresonate with the transformer primary to comary of one of the transformers at about 80 cycles,
pensate for the loss due to the shunt choke coil,
L2, and series condenser reactance on the low was used to make the complete amplifier cut off
frequencies. Another advantage is that the audio- sharply just above 60 cycles per second. The cutoff isa great many times sharper below resonance
frequency path is through the condenser and
transformer primary back to filament instead of than when the transformer itself is made to have
a fairly good audio response. The audio voltage
through the power-supply unit. This prevents
drop across the resonating condenser increases
audio feedback to preceding stages.
as the frequency becomes less, giving a very
The result is a very stable high-gain amplifying
system which has more gain than even an audio sharp cut-off belcfw resonance. By designing the
amplifier using a screen-grid tube in the first circuit constants properly, one transformer may
stage. The use of a screen-grid tube, even as a be made to compensate for the other as shown in
Fig. 4 from about 5000 or 6000 cycles down
space-charge amplifier, means that impedance
to at least 80 cycles per second. This makes an
coupling should be used between that tube and
the power tube, which gives, roughly figuring, ideal arrangement for receiving sets using a.c.
i X 3 X 50X 1X4X5= 100 volts
across the output device. This assumes aJ-volt detector output, a 3
INI lie ft "e
300
_.
to 1 transformer, a gain of 50 in
rk
Over-all char. icteris r amplifier
the screen-grid tube, a gain of
4 in the power tube and that § of
this voltage appears across the output device and f across the power
rRANSFOR V1ERS WITH SHARP CUT-OFF ABOVE 60 CYC
tube plate resistance. For the
amplifier described, using 45 and
Detector: RP 2000 ohms
6| to 1 ratio transformers and
First audio tube Rp 5000 ohms.Ip 6ma
Power tube CX-371 A
tubes giving a gain of 8 and 4,
the total voltage appearing across
the output would be iX4iX8X
10
nsfor
—
»^ First-tit age itra6| X 4 X 5 = 1 56. The ordinary
r
1{
r
amplifier using 3 to i transformers
;e
traru
-^Second-st"
and tubes giving the same gains
form
of 8 and 4 would give an output
3%:'
of iX3X8X3X4Xj = 48.
A MODIFICATION FOR A.C. OPERATION
having such an
amplifier
THIS
FREOUENCY, CYCLES PER SECOND
excellent frequency characteristic should be used preferably
with d.c. filament tubes in the
FIG. 4. RESPONSE CURVES OBTAINED
WITH 3^ TO I RATIO TRANSFORMERS
r.f. stages, detector and first
fia

REMLER AMPLIFIER

tubes, since the low notes are well reproduced
when a good dynamic speaker is used. Nearly
95 per cent, of the very low notes such as those
from an organ, as played over the radio, are
between 80 and 200 cycles per second. Very few
people realize this and most people will quite
willingly swear that they hear 30- to 50-cycle
notes in their radio sets when in nearly all
cases their loud speakers and amplifiers will
not reproduce anything below 100 cycles per
second.
Another advantage of cutting off sharply a
little below 100 cycles is that a smaller power
tube may be used, such as a 171 tube. The apparent room volume of sound with the a.c.
system will be about the same as with the first
d.c. amplifier system developed, since in this
case the lowest note reproduced will be about 70
cycles as against 25 or 30 cycles in the d.c. system. This makes more power available for the
tones which are reproduced. Incidentally, the
cost of manufacturing such transformers is less.
Most a.c. set manufacturers use audio transformers which will not pass 60-cycle signals, in
order to minimize a.c. hum and in so doing generally lose in efficiency up to 300 or 400 cycles.
This is bound to happen because it is not possible
to obtain a really sharp low-frequency cut-off
using ordinary transformers. The resonant primary principle should go far towards solving the
a.c. hum problem in a.c. receivers.
It will be noticed that only the transformers
working out of the detector tube in both the d.c.
and a.c. systems have resonated primaries. This
arrangement keeps the d.c. plate current out of
the primaries and so prevents
core saturation and generation
of harmonics due to this effect.
By the use of very large cores
50
of nickel-steel alloy, the chances
\
of core saturation from d.c. are
practically eliminated. If small
cores are used and large primaries,
30
that is, a large number of turns,
core saturation may take place
with bad distortion effects. The
transformers described are built
along ample lines to overcome
\
the possibility of trouble from
core satuation.
\
The possibilities of audio ampliI
\
fier systems using the low-frequency resonated primary principle are many and it is quite
likely that this scheme will be
o o Q
widely used to make better audio
amplifier systems. It is the en000
gineer's problem tonever
foreverreaching
strive
in000
%o
towards perfection,
it but always advancing; and this
design, it is hoped, is a step in
that direction.
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Sound

IN OUR October issue the processes of synchronous sound and movie-picture recording and reproduction were described in a
general way. In successive articles some of the
points which were only briefly touched on in
the first paper will receive further discussion.
I do not expect to present any original material
in this series nor to assume a professional tone.
The object is merely to bring together data
from widely scattered sources which are not
readily accessible to the many radio broadcast
operators, motion-picture projectionists, and
others who are interested in sound-movie technique.
One portion of the reproducing equipment
which was merely mentioned in the October
article is the photo-electric cell used in film
systems. This variety of electron tube has been
likened to an electric eye; its function is to transform optical variations into proportionate electric currents. In the art of sound reproduction
from films, as well as in television, the photoelectric cell plays a part analogous to that of
the microphone in telephony. The microphone,
however, takes speech or music directly from
the air, whereas in motion picture work the
photocell receives light which has been modulated by a film record. In this application, therefore, the role of the photo-cell is more strictly
parallel to that of a phonograph pick-up, which
takes mechanical vibration from a rotating
disc and transforms it into corresponding electric pulsations.
Fig. i shows a schematic view of a photoelectric cell. The bulb is made of quartz or glass,
coated on the inside with silver, except for a
window a half inch or so in diameter which remains clear for the passage of the light which
is to act on the cell. Opposite the window a layer
of the active material of the cell is deposited on
the silver. This substance is usually a compound of the so-called alkali metals, potassium, rubidium, or caesium, which have similar
chemical and physical properties. They resemble silver in appearance and are quite soft.
Some of their compounds, such as potassium
hydride, have marked photo-electric qualities;
that is, light causes them to emit electrons much
as heat makes the filament of a vacuum tube
do the same thing. The next step, referring to
Fig. i again, is to place an anode in the tube to
pick up the electrons as they are released. If
this anode is placed in the path of the light coming in through the window it is made in the
form of a wire loop but it may also be a
small metal plate displaced a little to let the
light pass. The final step is to connect between
the photo-electric cathode and the anode a
circuit for coupling the cell to the input of
an amplifier and for keeping a positive potential on the anode so that it collects the emitted electrons more effectively. Frequently a gas,
such as argon, is used to increase ionization and
thus to make the cell more sensitive. Even so
the space current in such devices amounts to
only a few microamperes.
The photo-electric cell is liable to the same
difficulty as a carbon telephone transmitter — it
has its inherent noises arising from internal
turbulences and the input must be high enough,
even at its lowest levels, to override the noise.

Motion

rhK

Pictures — Part

The exciting lamps used are on this account of
the high-intensity type, so that the amount of
light passing through the film during low volume
portions will still meet marginal requirements.
In some other respects the photo-electric cell
is superior to the best grades of microphones.
It has no natural period of its own and any lag
which it may introduce would have to be measured in billionths of a second; the response, to
all intents and purposes, is instantaneous. Selenium, the substance which was used as the
original intermediary between light and electricity, did not change its resistance immediately
under the influence of light.
As the energy output of the photo-electric cell,
although accurately proportional to the light
entering it, is so small, it must be used, even
for measurement purposes, with vacuum-tube
amplifiers. This combination was described in
the Physical Review as long ago as 1917, and
there may be earlier citations. Figs. 3 and 4
show two methods of coupling a photo-cell to
the input of a vacuum tube. The transformer
method seems to be preferred in commercial
sound motion-picture systems.
Inasmuch as our interest in photo-electric
cells is in connection with motion-picture projection, two special points may be taken up
here. One is the method of getting the light
through the film to the cell, as shown in Fig. 2.
The lamp in this case has a straight filament at
right angles to the paper, so that it is shown
in the diagram as a dot. This source is brought
approximately to focus on a parallel horizontal
slit about 1.5 mils high, and the image of the
slit projected onto the film, giving a light rectangle a little narrower than the sound track
(about 80 mils) and about a mil high. The gates
and aperture plates about the film are not shown.
The light which gets through the film then
spreads out and goes through the window of the
photo-electric cell. Of course if the cell is displaced, so that only part of the light gets
through, there will be a corresponding loss in

FIGS. I AND 2
These drawings show how photo-electric cells
are used in sound motion-picture apparatus
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volume, so the whole system must be properly
lined up. If the filament of the exciting lamp sags,
the image cannot be accurately centered on the
slit, and a loss of volume results. In this case,
as well as when the glass of the high intensity
lamp begins to darken, the lamp must be replaced. However, a loss in volume may also result from a photo-cell losing its emitting qualithis. ties. A microammeter is useful in checking
The method of fading from one projector to
another, insofar as it affects the photo-cells, is
another point of interest. This is shown in Fig.
5. A potentiometer with a neutral midpoint is
the essential part of the diagram. As the transformers pass only the alternating component of
the photo-cell current, the operation of the potentiometer wil be noiseless. It will be noticed
that there is considerable similarity between
this circuit and microphone mixers in broadcastCommercial Publications

ing."

national radio tube company. This concern,
whose address is 3420 Eighteenth Street, San
Francisco, is circulating an offer to rebuild
burned out, or otherwise defective transmitting
tubes, for broadcast stations. They claim means
of re-processing tubes so that they will be as
good as new at about half the cost of a
replacement.
general radio company. The General Radio
Experimenter continues to present material of
interest to broadcasters. The May issue contains
an article on "An Artificial Cable Box." Such a
device makes it possible to simulate the behavior
of actual telephone lines and cables in the
laboratory. The circuit used is shown in Fig. 6.
Here the loop resistance of the section, 4R, and
the shunt capacitance C, are made the same as
the equivalent quantities in the type of line
whose behavior is to be studied.
Inasmuch as an actual cable has its constants
distributed along its length, an artificial cable
simulates the behavior of a real one more closely
when it is built up of a considerable number of
uniform sections.
A type of cable box with the designation 321C. marketed by the General Radio Company, is
the electrical equivalent of 32 miles of standard
paper telephone cable in the usual wire gauges.
W ithin a cabinet 15 by 8 by <j\ inches there are
seven units of the following electrical lengths,
respectively: 19-8-4-2-1-0.5-0.5 miles. These
are controlled by telephone key switches so that
any combination may be secured, making it
mile steps.
possible
to get any length upt to 32 miles in halfThe 16-, 8-, and 4-mile sections are not
lumped, but built up of 2-mile units, and the
smaller lengths are similarly split up. The resistance elements, wound non-inductively, are
calibrated to 0.25 per cent., while the rolled paper
condensers have a precision of 0.5 per cent. The
maximum potential which may be safely applied
to the box is 300 volts.
Boxes of this type are supplied to represent
16, 19, and 22 gauge non-loaded paper cable.
The constants at the mean speech frequency,
796 cycles, are given as follows:.

CIRCUITS

PHOTO-ELECTRIC

Transformer
Fig. 5

Fig. 4

PHOTO-ELECTRIC CELL CIRCUITS USED IN SOUND MOTION PICTURES
types of filters regularly marketed by General
Radio are of these classes, designed for impedances of600 and 6000 ohms, and with cut-off
frequencies of 500, 1000, and 2000 cycles. That
is, one may order from stock a 6000-ohm filter
of the high-pass type, for example, to cut off
everything below 1000 cycles.
It may be shown that, given the iterative impedance Zand the cut-off frequency F for which
a filter is to be designed, the value of the elements is given for 0.07958
a high-pass filter section by
Q = — — — farads
0.07958Z .
L2 = henries
while for a low-pass0.3filter
183 we have similarly
C>= 0.3183Z
— p£~~ farads.
Li= — — henries
In each case F is in cycles per second, while Z
is in ohms.
The September issue of the Experimenter
carries as the leading article, "Notes on Group
Address Systems," by C. T. Burke. Since papers
on public address technique have appeared in
this department
Broadcast here,
Mr. Burke's
discussion
will of
notRadio
be abstracted
but it
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A GROUP OF INTERESTING FILTER CIRCUITS

should be interesting as a general treatment for
broadcast operators who have not devoted attention to' the subject. A schematic diagram is
included.
This issue also contains a description of the
Type 426-A thermionic voltmeter, including a
diagram of the bridge circuit employed with the
vacuum tube. The range is 0-3 volts, and under
the' usual conditions of use the calibration is
maintained to within 0.5 per cent, for about
1000 hours, and is good over the whole audiofrequency range. Even at 20 kilocycles there is
only a 2 per cent, error, and less than 3 percent,
at 300 kilocycles. At broadcast and higher frequencies the calibration is no longer valid. The
entire
instrument, including the battery, is selfcontained.
Another item in the September issue concerns
the Type 532 Station Frequency Meter, the entire scale of which covers only 0.3 per cent, of the
frequency of the designated station, the variable
condenser being connected across a larger fixed
capacity. This gives ten scale divisions per
kilocycle. The resonant frequency is read by an
ingenious method, which consists in connecting
across the main condenser a small auxiliary
capacity to shift the peak of the meter from
one side of the station peak to the other. The
frequency meter is adjusted until the indicating
galvanometer does not change its reading when
the button connecting this condenser is pressed.
This gives a more accurate setting than an attempt to find the exact peak by the maximum
galvanometer reading. The accuracy of this
meter is certified as within 500 cycles with a
temperature variation of not over 5 degrees
Fahrenheit from the temperature specified in
the calibration. The guarantee is for six months,
after which the instrument must be recalibrated.
The General Radio Experimenter is a very
commendable publication, to my mind, and
broadcast technicians should get their names
upon its mailing list. It is sent free on application
to the company's offices at Cambridge, Mass. It
is a commercial publication, but the discussions
are severely free from advertising blather and
generally contain as much general theory on the
subject as specific description of the General
Radio Company product. A commercial publication which is scientifically and informatively
written is better than a sensational medium
whose ultimate commercial aims are less frankly
revealed,of and
you fail
extract a fewit dollars'
worth
data iffrom
the toExperimenter
is your
fault.
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Capacity per
Resistance per
Mile
Loop Mile
.073 mfd
0.062
16
B
&
S
42.2
ohms
"9
.062
83.2
22
171.
In cables of this type the inductance may be
neglected, but General Radio also designs
special artificial circuits to simulate loaded lines,
in which case an appropriate amount of inductance isincluded in each loop mile, or open
wire lines.
The same issue of the Experimenter describes a
600,000-ohm potentiometer suitable for use in
the grid circuit of an amplifier tube as a gain control. The circuit, which is familiar to most broadcast engineers, is shown in Fig. 7. Such a potentiometer requires a high resistance in order that
it may not draw appreciable current from the
preceding element. This particular design,
known as the Type 452, covers 30 TU in 1 5 steps
of 2 TU each.
The August issue of the General Radio Company's bulletin contains a discussion of electrical
filters, which are divided into four groups: (1)
Low-pass filters which cut off all frequencies
above a certain value; (2) High-pass filters which
cut off all frequencies below a certain value: (3)
Band-elimination filters which block all frequencies between certain limits; and (4) Bandpass filters which block all frequencies on either
side of a section which is permitted to get
through.
Classes 1, 2, and 4 have been discussed previously inthis department. Type 3 is new in this
respect, and as it is not described in the General
Radio article I might point out that an audio
rejector of the sort shown in Fig. 8 is an elementary form of band elimination filter. In
parallel with the speech coil of a loud speaker,
for example, it may be used to smooth out a peak
in the response. The effect of the resistance in
series with the capacitive and inductive elements
is to broaden the resonance curve and to limit the
effect of the device. If the resistance is very low
practically no current of the resonant frequency
will get past the shunt circuit, but by adjusting
the resistance one may balance the by-passing
effect of the shunt circuit against the undesired
peak in the instrument under treatment and get
a flat over-all characteristic. Compare this use
of the resistance element with its similar function
in a line equalizer (Fig. 9) which is also a form of
filter.
Coming back from this digression to the General Radio discussion, we note there sketches of
sections of high-pass and low-pass filters, here
reproduced as Figs. 10 and 1 1, respectively. The
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d.c. is the house-light1 10 volts ied
WHEREing current
by the local power
suppl
company, there is opportunity for supplanting storage or dry batteries for both filament and plate circuits in a radio set by means
of comparatively simple and inexpensive devices.
These have been described in the columns of
radio periodicals and are fairly well understood
by
tricts.those who "roll their own" in d.c. disThere are a few pitfalls in this sort of apparatus which have been touched on in the form of
warnings, but practicable solutions do not seem
3amp fuse2 ampchoke
■ Socket|| where
Mfd
(connection2 to
light bulbs isRi
plugged in
vs/vy/wv^
30 Ohms

2 Mfd.
.1 Mfd.
■WWVWWWV* <WV\A/wvv>
20,000 Ohms
500.000 Ohms
B+45
B+100
FIG. I

to be generally known. The purpose of this article
is to indicate means for polishing off some of these
rough edges.
First let us state briefly the sort of A battery
substitute used. In simplest form it is a bank of
electric light bulbs, wired in parallel, in series
with the filament circuit of the radio set and the
light socket. The total wattage of the bulbs is
adjusted to the current consumption of the set,
the basis being about 30 watts per quarter-ampere tube. This is a little in excess of actual
needs, but the excess may be bypassed around
the set through a 30- or 50-ohm rheostat, R, in
Fig. 1, the varying of which offers a form of filament control to compensate line voltage variations. This resistance is across the current source,
and consequently the current into the set increases as the resistance is increased. The bank
of bulbs may be one or several reading lamps
which in the evening would be lighted anyway,
and, as a result, the set current costs the user
nothing additional except for daytime operation.
HOW TO REDUCE COMMUTATOR HUM
A CHOKE coil, capable of carrying about 2
amperes, and capacities across the line, although not always necessary, are frequently
used as a filter to curtail commutator hum which
is present in the d.c. supply voltage. See Fig. 1.
The writer has found that various types of
5-voIt tubes operate with complete satisfaction
at 4.5 volts. His ear at least can detect no difference between a set operating at and one
operating at 5 volts. An inexpensive and compact
dry battery of 45 volts is everywhere available
in the form of a C battery. If the voltage at the
set is adjusted to 4^, and a 45-volt C battery is
placed across the A substitute, the plus to plus
and the minus to minus, the hum, if there be
any in the speaker, will decrease to a negligible
amount. In normal operation there will be no
current drawn from the battery and its life will
consequently be long.

This little battery has another important
function if used as indicated, which cannot
be performed by high-capacity condensers. It
will absorb what otherwise might be a considerable voltage rise and so protect the tubes in the
set against burn-out.
The danger in the use of the d.c. A battery
substitute described, lies in the fact that if a
tube be removed from the set while the current
is on, or if a tube filament should fail or a filament prong become open-circuited, the voltage
at the A plus and A minus posts will at once
increase considerably. Excess current will consequently be forced on the remaining tubes in
the set. If that shock blows a second tube, another rise occurs and the remaining tubes are
sure to go. With the handy little 45-volt battery
across the set, one tube may be taken out of
a 4-tube set and the voltage on the remaining
three will rise only about to of a volt (varying
a bit with the internal resistance of the battery),
instead of jumping about if volts as would be
the case without the dry battery shunt. Consequently atube filament may fail and the other
tubes in the set will be perfectly safe. On the
same principle this battery also absorbs voltage
surges.
Were the dry battery to be left in this circuit
after the house current was turned off it would
drain itself in a few moments in a vain endeavor
to supply current to the set. To make disconnection of the battery automatic, a relay comes in
handy wired as indicated in Fig. 2. Any of the
types used for cutting out chargers and cutting
in B power units will serve. In such a relay the
two contacts on the plug by which connection is
usually made to the light socket may be connected to A plus and to A minus, and the leads
from the B power unit socket on the relay connected to the C battery. The actuating coil of the
relay goes in series with the A plus lead. It is
essential that this coil lie between the point at
which + C is connected and the line, and not
between the C battery connection and the set.
In the latter position the relay will not function
properly and there would be a considerable drain
on the C battery as the latter would still be feeding the set through the relay. In the correct
position, the relay action is instantaneous. One
C battery lead may be broken, or two, as many
commercial relays are equipped with a double
set of contacts.
WAYS FOR ECONOMIZING ON CURRENT
OPERATING multi-tube sets on no-volt
d.c: for filament supply is not economical
unless the current-limiting resistances (in the
case described, electric light bulbs) are used at
the same time for lighting the room. A sixtube set using quarter-ampere tubes would
require the use of the equivalent of 180 watts of
such bulbs, which, on an average use of four
hours per day, would add 22 kilowatt-hours to
the electric light bill each month. To cut this
current consumption the kink is to use the 199type tubes up to, but not including, the last
audio stage.
If five tubes be so changed, we have .06 x 5
= 0.3 ampere, instead of .25 x 5 = 1.25 ampere
for 20iA-type tubes, a saving of nearly one
ampere of filament current. The saving is nearly
120 watts, or two thirds of the original consumption. A15-ohm rheostat in series with the
A plus lead to the 199-type tubes is sufficient

to cut the 45 volts across the A-battery subto 3 volts lamp
for theused
set inof connection
five 199's. with
If thestitutereading
this A-battery substitute is to be lighted at times
when the set's operation is not desired, a snap
switch, indicated in dotted lines in Fig. 2, may
be connected across the A plus and A minus just
back of the relay. When that switch is open, the
lamp will light and the set operate; when that
switch is closed, the lamp will light but the set
will be off. It is understood, of course, that the
switch
the whole
set itselfapparatus
is always being
left in controlled
the "on "
position,on the
from the light socket at which the current originates.
A B-POWER UNIT FOR D.C. OPERATION
THE B-power unit side of a 1 10 d.c. outfit is
simple. One 30- to 60-henry choke, of d.c.
resistance not exceeding 600 ohms (preferably
lower), and two 4-microfarad condensers (good
by-pass condensers will do, as the voltage does
not exceed 110) comprise an adequate filter.
Allowing for a voltage drop through the filter,
an output of 90 to 100 volts is obtained. One
variable high resistance gives the 45-volt tap
for detector. Fig. 1 shows the hook-up.
With a push-pull last stage audio for four
power tubes, as described in Radio Broadcast
for May, 1928 (page 18-19), tne B plus is taken
directly from the light-socket connection around
the filter, since thereby the full 1 10 to 115 volts
is obtained for the power tube plates and any
hum
ment. is balanced out by the push-pull arrangeIt is customary to equip these power devices
with 3-ampere fuses. This is of course protection
to the house fuses, but not to the radio apparatus.
At 3 amperes, a short-circuit could play considerable havoc with good radio equipment. To obviate this danger, the writer has inserted an old
199 tube in series with the B plus 1 10-volt plate
supply lead. This limits the current through this
lead to 60 milliamperes. The drop across the tube
at a drain of 40 mils is only 2 volts, and all tubes
and associated apparatus are well protected. The
199 tube used may be an old one, whose decreased filament emission renders it unfit for
radio set use.
The tapped choke output for push-pul! stage
is a satisfactory substitute in the use of two
30-henry chokes, the two outside connections
going to the plates and speaker, and the inside
common connection to both chokes going to the
B plus. This kink permits the use of chokes
which the builder may have on hand.
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'ELEVISION signals are transmitted to-day to a rapidly increasing
"NSTALLING and operating an experimental television receiver
number of experimenters throughout the world. The interest and
is not difficult for the average radio set builder or amateur experit;pleasure
I
menter. In this connection a description of the equipment used by
associated with their reception is found in the novelty
the writer should be of considerable interest, especially as the same
and fascination of the achievement with home-made apparatus
rather than in esthetic considerations associated with the reproduction.
apparatus may be employed by experimenters in other parts of the country
for receiving any television station by
Television signals when properly
transmitted and received portray the
merely selecting a scanning disc of the
instantaneous characteristics of the
proper type for the particular signal
being received. For instance, when
object being scanned at the transmitter. This is accomplished by interusing a 24-hole disc the wgy 21meter television signal may be received
preting at the transmitter the visual
all along the West coast. Then, there
aspects of the televised object as elecare the kdka experimental signals
trical variations which, at the receiver,
which require a 60-hole receiving disc.
are reconverted into properly distriThe majority of stations, however, are
buted shades and high-lights.
The quality of the received picture
transmitting a 48-line picture.
depends upon how good a signal is
Any good receiver capable of being
tuned to the wavelength of the desired
transmitted in the first place, and
television transmitting station may be
upon how well it is reproduced at the
used. The short-wave receiver employed
receiving end. Here the amplifier used
by the writer is the standard kit sold
following the detector plays the importby the National Company, all of the
ant part. Theoretically the signal to
parts of which are available in the open
be received should contain important
market. It was described in detail on
frequencies from as low as the number
page 286 in the August, 1928 issue of
of pictures per second to those lying far
above the highest audio frequency used
Radio Broadcast. The 222-type r.f.
in music.
tube is followed by a regenerative
However, television programs in
detector. This system prevents radiathe broadcast band cannot contain
tion— a problem which would soon befrequencies above 5000 cycles since
come quite serious if all the short-wave
receivers were of the radiating variety.
this is the highest frequency at which
In building any type receiver, especially for
a broadcasting station is permitted to modulate,
and even when the transmissions are on short
short-wave reception, and particularly one for
JN THIS article are given descriptions of the television work where a motor and scanning disc
waves, the improvement in reception obtained
work of two experimenters well known to are located in the same room, considerable atthrough the use of a special amplifier going up to
readers
of Radio Broadcast — Zeh Bouck
tention must be given to rigidity of construction.
15 or 20 kilocycles isn't worth the expense of and James
Millen — both of whom have set
applies to the coils and their mountings as
constructing it— at least it doesn't appear to be up apparatus and successfully received tele- This
well as the wiring and other parts of the set.
worth doing until the quality of the transmissions
vision programs. The differences in the
We find from experience that the ordinary
are much improved over what they are to-day.
apparatus — especially the amplifier equip- audio amplifier, such as you use at present for
A start can be made with any good amplifier and,
ment— will give the reader a good idea of the speech and music, is good enough to provide
after the best possible results have been obtained
circuits which may be adapted to present day picture reproduction sufficiently clear to disfrom it, there will be time to construct an amtelevision reception. As the art develops more
tinguish forms, such as the outline of a hand or
plifier designed especially for television reception.
It is the purpose of these notes to describe the stringent requirements will be set up as to head, and to follow motion. This is perfectly
the
characteristic
of
the
audio
amplifier
but
it
O. K. for a starter, and your present audio
amplifier and scanning combination used by the
is evident from the data given here that for the amplifier can be used, provided it has at least
writer. This apparatus will reproduce television
at least almost any good amplifier may
images when attached to any receiver capable of present
the gain of a good two-stage transformer— The Editor.
delivering a signal of requisite strength from the he used.
coupled unit.
(Continued
on page it37)was found addesired transmitting station.
For receiving
3XK in Boston
{Continued on page 36)
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the panel, and these provide a very accurate
motor control. The rheostats are in series with
some additional resistors in accordance with the
directions accompanying the motor.
By means of the rheostats, in conjunction
with a simple mechanical brake described in the
paragraph on operating directions, it is possible
to maintain the speed of the motor sufficiently
close to synchronism with the transmitting disc.
THE CIRCUIT ARRANGEMENT

FIG. 3. SCHEMATIC DIAGRAM OF TELEVISION AMPLIFIER
(Continued from page )y)
I he essential parts of a television reproducer
are a tuner (any kind will do that is capable of
providing a good loud-speaker signal in ordinary
reception), an audio amplifier, a neon tube and a
scanning disc turned by a motor mechanically
arranged so that the holes in the disc scan the
surface of the glowing plate.
The amplifier used by the writer is shown diagrammatically in Fig. 3, while constructional
points are suggested in the pictures, Figs. 1 and
2. The amplifier can be built from any standard
apparatus; it employs the usual three-stage
resistance-capacity-coupled circuit,
APPARATUS REQUIRED
THE following is a complete list of the parts
requiredamplifier:
for the construction of the writer's
television
Ri — ohm
3 Wire-wound
resistors, 100,000;
Ro, R3, R| — 3 Grid-leak resistors, i-meg., 0.5meg., and 50,000-ohm, respectively;
R5 — 1 Rheostat, 10-ohm;
R6 — 1 Potentiometer, 200,000-ohm;
Ci — 1 Mica fixed condenser, 0.001-mfd.;
G> — 4 Filter condensers, 400-volt, 2-mfd.;
C3, C4, C5 — 6 Mica condensers, 0.01 mfd.;
L— 1 Pilot light;
Si — 1 Toggle switch;
-4 Vacuum-tube sockets, ux-type;
6 Resistor mountings;
10 Binding posts;
1 Front panel, 7 x 10 x Tf-inch;
1 Sub-panel, 7 x 10 x iVinch;
2 Sub-panel brackets.
The pilot light and toggle switch are, of course,
unessential, but were incorporated in the amplifier for convenience. The amplifier eventually
will be mounted in the cabinet, and the pilot
light will give some indication of current conditions behind the panel. The switch (Si) controls
the filaments of the detector and amplifier tubes,
while the other switch, visible in the pictures,
was used to start the motor turning the scanning disc.
The four filter condensers (C2) are connected
in parallel to bypass the amplifier plate voltage,
and reduce the tendency to motorboat. In the
amplifier pictured the coupling condensers are
built up in stack form, and consist of six 0.01mfd. mica condensers.
In operation it will be convenient to be able to
switch easily from the loud speaker to the neon
tube, an operation that is facilitated by the
double-pole, double-throw switching arrangement suggested in Fig. 3. By means of the two
battery taps the voltage applied to the tube is

practically the same with either the loud speaker
or neon tube, thus prolonging the life of the 171 a
tube and making unnecessary any variation in
the C-bias potentiometer, R6. When the amplifier
is operating the loud speaker about 200 volts
are employed, while with the neon tube the full
450 volts is applied. These voltages can be sup-
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plied either by a B battery or a power-supply
unit. A Receptrad Powerizer was used in the
author's laboratory as shown in the picture of the
entire set-up, Fig. 1 .
SCANNING DISC ASSEMBLY
THE televising apparatus consists of the
scanning disc driven by an adequate motor,
some form of motor speed control, and the neon
tube, combined in a convenient and efficient
mechanical arrangement. A box frame, such as is
illustrated in the pictures, Figs. 1 and 5, provides
a simple and satisfactory unit. The motor shelf is
so positioned that the driving shaft can be
centered exactly. The shelf is clamped between
cushions of soft rubber which reduce the
vibration.
The neon tube is mounted with its plates
parallel to the scanning disc, so that the holes
in the latter pass over its entire surface. The neon
tube is a Raytheon Kino-Lamp and it should be
placed in a horizontal position on the upper shelf
as close to the scanning disc as possible. The
Baldor type-MV2 variable-speed motor may be
used for turning the disc. For observing the
picture square hole, if x if inches, is cut in the
face of the front panel exactly in front of the
plate of the neon tube.
The inside dimensions of the entire box, as
pictured, measure 25 x 25 inches. It is built of
half-inch wood (heavier material is desirable) and
the front panel is 7 x 26 inches. Two ten-ohm
rheostats, connected in series, are mounted on

TH E detector tube has been incorporated in
the amplifier constructed by the writer.
V* hen used with the average receiver, posts one
and three in Fig. 3 will be bridged, and post
two will be plugged into the grid prong on the
detector socket of the receiver. In the case of a
regenerative receiver, the plate of the exterior
detector tube will be wired to the plate terminal
on the detector socket while post three will be
led to the plus detector terminal on the set. In
other words, the tickler or regenerative coil is
connected in between the plate of the detector
tube and the coupling resistor. If it is desired to
use the detector socket in the receiver (and this
may be the more simple procedure in many
cases) post three is led to the plate terminal of
the detector tube.
The neon tube is connected in place of the
loud speaker or output device. This is a simple
series connection and is quite effective. While
there are other systems of inputting to the neon
tube, concomitant complications hardly recommend them for an initial attempt.
The apparatus described was designed primarily for the reception of the television signals
broadcast from wrny, New York City, employing a48-hole disc at a speed of 450 revolutions per minute. A National Company disc is
used in the illustrated apparatus.
OPERATING DIRECTIONS
TH E signal is first tuned in on the loud speaker
in the usual way, a loud clear signal being the
desired result. The motor should be started and
the disc brought up rapidly to approximately
the speed desired. This can be accomplished by
means of a switch short-circuiting the speedgoverning resistors.
The output of the amplifier is now switched
over to the neon tube, which, when the television
signal is received, should show a definite pattern
when viewed through the disc. As the disc approaches synchronism with the transmitting
disc, the pattern will resolve itself into more
definite lines slanting away from the perpendicular. The lines(Continued
become more
on pageand37)more perpen-

FIG. 5. REAR VIEW OF TELEVISOR
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(Continued from page 35)
visable to use a three-stage amplifier using
National transformers — see Fig. 3. Then
again, the pictures being transmitted by 3XK at
present are merely silhouettes, which do not
require an amplifier with as wide a frequency
range as if half-tones were being transmitted.
As a rule, with a three-stage a.f. unit, the
amplifier noise will not be very gTeat. Vibration
from the receiving disc or its motor, which are
transmitted to the amplifier or especially the
detector tube, however, will introduce a periodic
noise that will cause a black streak across the
field of the picture. Any periodic interference,
such as a 60-cycle hum, that may get into the
signal will also cause streaks across the picture,
but these will not remain stationary, but will
move upward or downward across the field of the
picture.
THE OUTPUT CIRCUIT
THE

output circuit of the amplifier is arranged so that the neon or Kino-Lamp is
always illuminated, and. when a station is received, the brilliancy of illumination merely
varies in accordance with the signal. A good
background will be obtained if the d.c. current
through the neon tube is limited to 10 or 20
milliamperes. More current will cause the lamp
to glow brighter and brighter but there is no
advantage in this so far as the picture is concerned and it only serves to shorten the life of the
lamp. Accordingly, care should be taken to adjust the current to the minimum satisfactory
value.
A Clarostat has been found excellent for such
use, and it may be mounted conveniently on the
front of the frame supporting the scanning
apparatus, as shown in Figs. 1 and 2. For
illuminating the Kino-Lamp either a standard
high-grade B socket-power unit or heavy-duty
B batteries may be used.
Several different concerns are manufacturing
scanning discs suitable for use in receiving the
signals now on the air. The better grade discs
are well made mechanically, so as to run true
and require little power. The holes in such discs
are also punched to the degree of accuracy
necessary if the received image is to be free from
black lines and streaks. The National disc uses
radially-shaped holes, rather than round holes,
for with
the "lines" across the image
are
much this
lessdesign
obvious.
In driving the scanning disc successful result;
have been obtained with a number of different
types of small motors. However, the motoi
which the writer is using at present is the |-horsepower type-YIV variable-speed condenser-type
Baldor which is intended for operation on 110volt, single-phase, 60-cycle a.c. line. This is a ballbearing motor that operates very smoothly and
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quietly. The swish of the
disc through the air constitutes the major portion of the noise, and this
is quite insignificant.
Special rubber vibration
absorbers are supplied
with the motor for mounting purposes.
MOTOR SPEED CONTROL
THE
(Fig. for
3)
showsdiagram
the method
speed control. For the
variable resistor R>, a 75watt,
100-ohmwith
wire-a
wound4- to
resistor

FIG. I. GENERAL VIEW OF TELEVISION LAYOUT
sliding contact is used.
The other resistor may
be a 10-ohm 10-watt reinside the tube are placed in a plane at right
sistance. This is labeled "Ri" in the diagram
and is shunted by the push-button speed- angles to the axis of the "Pin" of the base. If
control leads.
the pin, therefore, is pointed toward the disc
The resistance Rt is so adjusted that with the when inserted in the socket, the plates inside
push button released, the motor runs at slightly
the tube will then be parallel to the disc. The
below the proper synchronous speed. Then, when
tube should be mounted at the proper height to
the push button is depressed, the disc tends to cover the ij-inch square scanned by the revolvspeed up.
Do not mount the television receiver in the
ing disc. The plates are connected to the "plate"
same cabinet with the disc. Vibrations of the and "filament" prongs of the tube base.
motor will introduce a synchronous noise that
will result in a series of horizontal lines being
sor
drawn across the picture. Therefore, it is im{Continued from page 36)
dicular as the correct motor speed is approached,
finally forming the image of the televised object.
Final tuning should now be effected on the receiver. Also, the bias to the last tube should be
varied, by means of the high-range potentiometer
Re, for best results.
MECHANICAL BRAKE NEEDED

FIG. 2. REAR VIEW OF SCANNING DISC
portant to keep the receiver and amplifier on a
support separate from that for the disc.
The experimenter will find that the following
convention has been adopted by the Raytheon
Company in regard to neon tube mountings. The
tube is fitted with a standard ux base. The plates

RECEIVER

IT IS desirable to use some simple form of
mechanical brake in conjunction with the
rheostats to control the motor. The device
shown in Fig. 4 was designed by the writer for
this purpose.
An iron cross piece was fastened to the box
housing the revolving apparatus so that it crossed
in front of the motor shaft. A hole was drilled to
the exact center of the shaft, and the nut from a
i-inch iron bolt was soldered to the cross arm. A
brass strip was bent as shown in the illustration,
and bolted to the cross piece. The head of the
j-inch bolt was sawed off and a knob mounted
on the end. By screwing in the bolt, the brass
strip is pressed against the end of the shaft,
giving a very delicate braking action. The brass
strip should be taped where it touches the
shaft.

AMPLIFIER

FIG. 3. COMPLETE SCHEMATIC DIAGRAM OF JAMES MILLEN's TELEVISION RECEIVER
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1*0 MANY amateurs a recommendation of
radiophone is as a rag to a bull; it causes
them to paw up dirt and bellow about the awful
interference caused by the microphone-operated
sets. This opinion is a bit out of date. Two years
ago amateur oscillators were so unstable that
the addition of modulating equipment did have a
distressing way of causing the signal to smear
over a wider band than one cares to think of.
Also, the transmitters did exactly the same thing
when keyed, but, in that case, the interference
consisted
mumbles,
thumps,Sinceandthat"yips"
which were ofharder
to identify.
time
our preaching for better tuned circuits .has had a
good effect, and the coming of crystal-control
has set examples. As a result the number of good
amateur radiophones has increased so that we
must withdraw the accusation against the phone.
To sum up — with an oscillator-controlled battery set we may modulate with key or voice as
we please with no fear of " wobbulation " being
added to "modulation." The circuit of the
oscillator-amplifier set-up is shown in Fig. 3.
THE CIRCUIT ARRANGEMENT
THE circuit is the almost standard Heising
constant-current arrangement. In Fig. 2A
we review the general principle. Current from the
battery flows through the high-inductance choke,
L, to the point B, then divides and returns in two
parts through the two resistances Ri and R2.
If we suddenly change the setting of the variable
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By ROBERT

A WRITER on the Hartford Times tells
me that all radio men write stories
badly; that is, they always leave the
thrill until the last, instead of putting it into the
headline. In this three-part tale of improved
short-wave transmission, I seem to be guilty of
this offense, for I am waiting
until the third installment to
speak of the uses of such transmitters, and, of course, that is
where the thrill comes in. For the
present we shall give additional
data on the constant-frequency
transmitter described last month,
and explain those devices which
make it useful, which is to say
the key or microphone.
A transmitter without modulation is useless, since it can send
out only a "carrier wave." To
place variations on that carrier
which a radio receiving set can
"unscramble" into code or voice
is the business of the apparatus
described in this article. It was
explained in the October issue
that voice, or radio-phone transmission, has the advantage of
speed while, with the same
power, radio-telegraph transmission has the advantage of greater
range. Very evidently these two
systems may be used with the
same transmitter to excellent advantage, and
it is my suggestion that provision be made
for both.
CONCERNING INTERFERENCE

the

S. KRUSE

resistence R2 we find (by watching the meter 1)
that the current through Ri changes for only a
moment when this is done. The explanation is
this; the choke L is (after the fashion of inductances) an electrical "stand-patter," i.e., always
opposing a sudden change. Thus, if we suddenly

FIG. 1 . TOP VIEW OF MODULATOR

UHIT

reduce R2 we do not change the total current
through the choke immediately but simply
change its division between the two paths,
therefore, the current through A drops sharply
until L* finally agrees to allow more current to
pass. On the other hand, if we suddenly raise the
resistance of R2 we force additional current

A

TRANSMITTER, according to Mr.
Kruse, without a means of modulation
is as bad as a ship without a sail. Inasmuch
as the transmitter itself was described in
October, a transmitter that is designed to stay
on its assigned frequency, the modulation
equipment necessarily had to follow. Here it
is. — The Editor

through Ri until L permits the total current to
die down. Thus, the effect of any sudden changes
in R2 causes corresponding sudden changes in
the current passing through Ri.
In Fig. 2B we show how this principle is used
in our set. The oscillator tube feeds radio-frequency power to the grid of the r.f. amplifier
tube where it is amplified and passed to the circuit L2 C3. The current is then transferred to the
antenna, but this does not concern us just now.
The plate power for the amplifier tube is supplied
through a choke coil L, of at least 6 henries, just
as the current in Fig. 2A was supplied. The radiofrequency choke (r.f.c.) is to prevent the r.f.

wandering
L andThethe vacuum
tube "Mod"
would be into
wasted.
tube where
labeledit
"Mod," which is used as a voice-operated resistance, issubstituted in the circuit in place of
the resistor R2. A microphone and amplifier feed
voice-currents to the grid of this tube, and, as
they cause the voltage of this
grid to change, the current to the
amplifier tube varies, causing corresponding changes in the r.f.
current in the L; C2 circuit from
which the antenna power is
taken. It is only fair to say that
this method of operation does
not permit the highest amplification to take place in the amplifier and that a "straight" r.f.
amplifier should be added if the
full power-rating of that size of
tube is desired. However, this
added complexity does not seem
warranted in a small set since the
range increase is not large.
The circuit arrangement in
complete form is shown in Fig. 3.
The picture in Fig. 1 shows how
simply the whole works goes together. In listing the particular
makes of apparatus which are
given below, the writer has no
particular desire to favor any
manufacturer but rather his motive is to remove uncertainty by
listing those parts which have been used with
satisfaction in short-wave transmitters. In
several cases it was found that other equipment,
which seemingly had every right to be as good,
was thoroughly unfitted for this somewhat
special purpose. If changes in the assembly are
considered necessary they should, therefore, be
made one at a time and the effect noted. The
parts used in my set-up are as follows:
LIST OF APPARATUS
Mike — Western Electric type 348BVV or Federal
Ri type
— Used260W.
to reduce microphone current to proper value. Not necessary in most cases.
R2 — Gain control. Frost 100,000- or 200, ooo-ohm
R3 type.
— Shunt resistance, exchangeable in clip to
suit tube and transformer used. 1 megohm is
usually satisfactory.
Rs — Filament rheostat, 6-ohm.
L — General Radio choke, type 485-S.
TRibutton
— General
mike) Radio type 485-M (for single
TR — General Radio type 485-D
SW — Switch to cut off d.c. filaments and microphone. No a.c. circuits should go through or
near this switch.
CONCERNING TUBE EQUIPMENT
COR the sake of simplicity, and to minimize
1 A.C. hum, it is recommended strongly that
for voice operation 2oiA-type tubes be used in
the oscillator (see p. 344- of October Radio
Broadcast) and in the first socket of the modulator, and that their filaments be operated from
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a 6-voIt storage battery, which is necessary for
the microphone in any case. The r.f. amplifier
tube in the October article and the modulator
tube in the present set-up may be a 1 12-, 17 1-,
or 210-type tube, or a corresponding a.c. tube.
The UX250 may be used but is not recommended. Itis possible to use a.c. tubes in place
of the 210 tubes recommended, but make sure
that they are of the "heater" type, such as the
Arcturus tubes or the UY227, and not of the
"thick-filament" type represented by the UX226.
Care must be taken to keep the filament leads
clear of the grid circuits and even with these
precautions the hum problem is apt to be bothersome. With batteries on the tubes mentioned
above this difficulty is removed. Still another
combination is possible, namely to operate 201 atype tubes in the first sockets and 210-type tubes
in the Amp. and Mod. sockets with a.c. on all
the filaments. This is done by connecting the
201A filaments in parallel and running them
through two equal fixed resistors to posts D and
F of the October set-up. If the October set alone
is used for c.w. these resistors must produce a
drop of 1.25 volts each at a current of \ amp.,
therefore, they must have a resistance of 2.5 to
3 ohms. If the complete set-up, i.e., oscillator,
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FIG. 3. THE SCHEMATIC DIAGRAM OF OSCILLATOR-AMPLIFIER

denser Cn must of course be readjusted when
such a change is made.
Since the 210-type tube is used with the
thought of obtaining an increased output it is
operated at high voltage and with a plate current
of about 40 milliamperes per tube — making 80
for the modulator and amplifier. This current
would destroy the windings of the National type
90 choke in the plate circuit of these two tubes,
and, therefore, it must be replaced
by a more substantial choke which
Cfpse\ 7* \L/Ant
will operate over all the wavebands
we are interested in. I can find
none of the transmitting-type
chokes which will do this, and,
therefore, suggest a combination
consisting of a single-layer choke
in series with a General Radio
type 379 T, Aero Products type
248 (transmitter type) or a National Type 90 re-wound with
No. 32 or 34 d.c.c. wire. The singleFIG. 2
layer choke, which is substituted
Diagram A {left) : schematic
in the clip for the former choke,
showing constant-current
consists of a f" rod of insulating
modulation principle. Dia- material wound for \\" with a
gram B {above) : circuit used single layer of No. 34 or 36 d.s.c.
in set. A by-pass condenser
or s.c.c. wire. The other choke
between B- and the plate side of
R.F.C. would improve results. may be mounted on the back of
the panel near the amplifier tube
amplifier, and modulator is being used the cur- and antenna ammeter. Its business begins at 20
rent will be 5 amp. and the resistors may have a meters where the little choke stops.
1 n Fig. 8a other changes are suggested that may
resistance 1.25 to 1.5 ohms each. A pair of \- or
be necessary if the 210-type tubes are operated
5-ohm filament-ballasts resistors will do very
nicely. It is advisable to twist all a.c. leads into at voltages above 250 — as they usually are since
their rating is 350. The condenser C5 should be
pairs and to inspect the various center-tapped
resistors to make sure they are in good condition.
replaced by a 1000- volt Sangamo unit of the largest capacity available. If this cannot be done
An open resistor will cause considerable noise;
an off-rating one will produce less noise that is conveniently a change to the shunt method of
feeding (shown in Fig. 8b) is advised. This may
still quite noticeable.
be necessary in any case if voltages above 400
THE UX-2 IO TUBE
are used. Here Cs replaces C5.
The 250-micro-microfarad plug-in condenser
I F ONE uses 1 12- or 171-type tubes in the r.f.
' amplifier and modulator sockets it is
possible to cut down the plate voltage
of the oscillator, thus reducing the
drain from the batteries. This should
not be carried to the point where unsteadiness results. In my particular
set 90 volts at the oscillator handle's a
171-type amplifier running at 300
volts with very fine steadiness.
When using the ux-210 tube or
equivalent in the amplifier and modulator sockets the oscillator tube should
have a plate potential of approximately 180 volts. It must, of course,
never show plate-heating to a visible
degree. If desired, the feed condenser
Cf may be changed in size, provided
it is not made large enough to cause
difficulty in reaching down to the
FIG. 4. FRONT VIEW OF MODULATOR UNIT
10-meter band. The neutralizing con-

{Cs) used to load the amplifier plate circuit will
not survive with the 210, therefore one of two
things may be done. Either the coil inductance
must be increased or else the 250-mmfd. tuning
condenser C3 should be replaced by a 500-mmfd
Equitune. The dial degrees of the two tuned
circuits, i.e., the oscillator and the amplifier, will
then not run together as nicely as was the case
before. Of course, if one is really fussy about
this point it is possible to use two Equitunes, of
the 250 size, set end to end and connected in
parallel, one being fixed at maximum and the
other variable as usual. Personally, I prefer increasing the inductance.
Finally — if someone wishes to use a 210-type
tube as oscillator, that too can be done by connecting posts ABC in Fig. 3 to DEF in Fig. 5.
The plate potential of the oscillator should not
be increased above 180 volts. This combination
isn't bad at the upper wavebands but offers
some slight difficulty at 10 meters. At present
I cannot give the exact dimensions of the somewhat smaller coil that will be required. The
diameter will be .ibout x" smaller than shown in
the October article. The other wavelengths will
shift somewhat but not badly, because of the
large condenser which is used.
KEYING AND OPERATING WITH VOICE
\TO MATTER which sort of operating is to be
taken up the first job is to secure a steady
output. Some suggestions were given in the
October article. To these can be added the fact
that it is of comparatively little importance what
plate voltage is used as long as the plates remain
at a sane temperature. For the oscillator this
means no visible color, for the amplifier it means
a red that is not too violent. The type of tube
used and the recommendations of the maker
should be considered. It is helpful to listen to the
un-modulated
with ofa little
"breadboard"
receiver using output
the circuit
Fig. 6.
With a 199
tube and a 22-volt battery the whole thing can
be put on a 7" x 10" base, including a
4|-volt C battery for the filament
supply. Shielding is neither necessary
nor desirable for such a device; it is a
nuisance in fact. When the note seems
O.K., and free from 60-cycle ripple,
one may key slowly and then proceed
with
lating. voice-modulation. For this the
pick-up receiver is stopped from oscil"PERFECT MODULATION"
THEdo voice-input
will
good work system
if given shown
a chance.
There are several ways of making the
adjustments. One is to have an assistant speak into the mike — preferably
reading steadily from a book — while
various things are changed and the
results noted as the signal is heard
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sloppy
the tained. Warning — the antenna meter is easily
"mike." handling
One mustofkeep
burned out if kept off-scale long. If it runs off —
at a fixed distance
detune or pull the switch instantly. Then shunt
and speak in an even
the meter with a length of wire — 6 inches at a
tone of voice. Looking guess — and try again. If it still runs off shorten
around the room does the shunt until it does not. The process takes
not help, nor does a some practice and should be done for all the
cigarette or cigar be- next
bands month
after which
s story.we will be ready to — but that's
tween the lips. Consider the good care
AMATEUR WAVELENGTHS
taken in broadcast announcements as compared to the ignorant
THAT there be no confusion regarding who
use of the same equipmay transmit, and what frequencies are availFIG. 5. SCHEMATIC DIAGRAM OF MODULATOR
ment by a new speaker
able for amateur operations, the following quotaon his first broadcast
tion from "Revised Amateur Regulations"
station.
from a not-too-good
dated March 6, 1928, and signed by W. D. Terin the phones of the pick-up receiver. The
rell, Chief, Radio Division of the Department
assistant must enunciate decently as otherwise he is worse than useless. He also must
AND AS FOR THE KEYof Commerce, gives all the necessary inforhold the mike in the proper position and at
mation.
the correct distance. With these conditions as a
"An amateur station is a station operated by
inthings
rnany
^°
may
one
t^le
\A/
a person interested in radio technique solely with
good start one may now adjust the gain control,
*
"
correctly.
The
best
rule
is
to
send
little
and listen much until one learns the manner in a personal aim and without a pecuniary interest.
microphone voltage and bias of the modulator
which not to do things. This is easily done for Amateur licenses will not be issued to stations
tube. The bias may be set at 10 per cent, of the
of other classes.
modulator plate voltage at the beginning, and
varied from this point. In general a large bias
"Amateur radio stations are authorized for
communication only with similarly licensed
has an advantage in keeping the tube cool. If
one has meters available it will be found good
stations, except as indicated below, and on wavepractice to adjust the currents to modulator and
lengths orfrequencies within the following bands:
amplifier tubes so that they are of nearly equal
Kilocycles
value. Having once found a good setting one
Meter s
0.7477 to
may watch the antenna meter thereafter, judging
401,000 to 400,000
5.35
4.69
0.7496
from its movements the degree to which things
64,000 to 56,000
9.99 toto 10.71
30,000 to 28,000
remain the same. A better way of doing this is
to
16,000 to 14,000
to put a d.c. milliammeter in the modulator
to 42.8
75.0
37.5
8,000 to 7,000
18.7
to 21.4
85.7
4,000 to 3,500
FIG. 6. PICK-UP RECEIVER USING A
plate lead — and leave it there.
2,000
to
1
,500
If an assistant is not available one may place
to 200.0
150.0
the "mike" before a good loud speaker running
199 TUBE
and at all times unless interference is caused with
at a moderate level on some decent input — not
a jazz band. The listening is then done as before.
the average performance is not perfect and the other radio services, in which event a silent period must be observed between the hours of 8:00
It is scarcely necessary to say that all adjustair is make
still cluttered
with tireless
ments of this sort should be made with the anwho
the mostupimperfect
phone"CQ"
seemcallers
holy p. m. and 10:30 p. m., local time, and on Sundays
tenna cut off.
and pure. When one does call — let it be at a during local church services.
The beginner will find himself confused when
speed where the sendtrying to determine the difference between good
ing will be readable for
and bad speech from his own set. He is able to "It isn't the words per
minute but the messages
find some help from the fact that a bad phone
makes no difference between the letters F and S,
count" —
hour — that
per again
and very little between P, B, D and T. In addiand
"What profiteth speed when but used
Sw.
tion
to
this
it
very
probably
will
"
blast
"
on
some
notes and on some of the vowel letters, especially
to repeat what was sent
O. Repeating alphabet and the groups of letters
B.-KEYS R.F.CCt. C KEYS BOTH -B & R.F
Of the set itself little
just mentioned, together with reading and
A.KEYS-6
FIG.
counting are all good tests. One entirely useless
7.
CONTROL CIRCUITS
need
badlyrbe" said when opertest is to get on the air and work someone. The
ating for radio-telegraph
transmission only. The connections are extruth does not lie in that quarter — or perhaps
Amateur radio telephone operation will be
plained in the diagrams; the standard prac- permitted only in the following bands:
I lack faith through being neither a "brassMeters
tices are too lengthy to be put down here.
pounder" nor very much of a "ragchewer," but
Kilocycles
mainly an occasional transmitting experimenter.
The Radio Manual by Sterling at this mo64,000 to 56,000
One very important point to remember is that
4.69 to 5.35
ment seems alone to contain the new regula84.5 to 85.7
3,550
the best of phones will not compensate for tions.
2,000 to
to 3,500
1,715
150.0 to 175.0
One comment with regard to the set can be
made. If for any reason it is desired to use C bias
on the r.f. amplifier tube in place of the un1
orthodox resistance bias shown in the October
RFC.\ R-F.C.
C6(Plug in) paper this may be done by feeding the C battery
to the clips of the cartridge-resistance-mounting.
The oscillator-amplifier set-up has been so laid
out that the C battery can be placed behind
it and leads run in without difficulty. If, as
in my case, the intention is to use the setRFC.
up portably the clips themsevles should not
be disturbed.
■ O+B
O-B
Amplifier
Perhaps I have been wrong in the assumption
V.QMiL' O0+- High
Voltags
that tuning the oscillator-amplifier is self-evident.
A
The- procedure is to set the oscillator with the
z
aid of the wavemeter, then to place the little
FIG. 8a.
lamp-loop near the amplifier plate-coil (Aero
FIG. 8b
This circuit is utilized when a 210-type r.f. tube Coil L2) and tune that circuit for greatest brightis used with a plate potential in the order of
ness, finally to revolve the antenna condenser
This sersarrangement
be employed
the condenwill not stand must
the high
amplifier ifplate
voltages
until the greatest antenna meter reading is ob400 volts
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11.
Radio Broadcast's Service Data Sheets on Manufactured Receivers

The Model " G " Freshman receiver is sixtube tuned radio-frequency set having three
stages of tuned radio-frequency amplification, a detector
two The
stagesreceiver
of audio-is
frequency and
amplification.
operated directly from 110- to 120-volt
60-cycle alternating-current house-lighting
mains toandconvert
employsthethecurrent
G-60-S into
power-supply
unit
the form
necessary for the operation of the receiver.
In normal operation the receiver has all its
grid returns grounded to the frame and
its filaments
floating
at pos tive
above
the frame
to furnish
the potentials
necessary
grid-bias voltages. The power-supply unit
contains a transformer for heating the various filaments and
a rectifier-filter
for furnishing
the plate
current. system
1. The Tuning System.
This receiver has four tuned circuits,
including a tuned antenna stage. The primary ofto the
nects
A andantenna
A2, ther.f.firsttransformer
terminal tocon-be
used with a long antenna and A2 to be used
with a short antenna. Across the first tuning
condenser,
Cipermit
is connected
conadjusting athemidget
first tuned
circuit dtoenser Cs toexact
resonance.
The method of preventing oscillations in
the
is unusual.
is the r.f.
nameamplifier
which has
been given"Equaphase"
to this part
of the circuit, as indicated in the circuit diagram. The circuit, consisting of Ri, Cs and the
effective primary inductance, of the r.f. transformer,
when properly adjusted acts like a pure resistance
at all frequencies and the tube cannot oscillate.
2. Detector and Audio System.
A leak-condenser
system
is used
in theThisgrid-is
circuit
of the detector
in this
receiver.
followed
by
a
two-stage
transformer-coupled
a.f.
amplifier. A small fixed condenser in the plate
circuit of the detector bypasses the r.'. current
to ground
providesessential
the low-impedance
for
the r.f.andcurrent,
if the detectorpathis
to operate efficiently. No output device is included
in the set but it generally is advisable that one

be used unless the loud speaker is equipped with a
coupling transformer that can carry safely about 20
milliamperes, the plate current of a 17lA-type tube.
3. Volume Control.
The volume control consists of a high-resistance
potentiometer, R2, connected across the secondary of the first-stage audio-frequency transformer. The low-potential
end ofas the
secondary
this transformer
is grounded
is the
movableof
arm of the potentiometer.
4. Filament Circuits.
The filaments of the three radio-frequency and
first audio-frequency tubes are connected in parallel

Ci C5 226

POWER SUPPLY CIRCUIT
THE RECEIVER CIRCUIT

and supplied with current from a 1.5-volt
transformer winding (SO in the power supply. The midpoint of this circuit is obtained
from thenectedcenter-tapped
resistorcircuit.
(R.i) conacross the filament
The
heater
leads
from
the
227-type
detector
tube are fed from the secondary
(S2)
which delivers 2.5 volts. The winding is
arranged with a center tap which is grounded
to prevent hum. The secondary Si supplies
5 volts for the 171 A-type power tube, and this
winding is also used to light the dial lamp.
5. Plate Circuits.
plates
226-type
andThefirst
a.f.ofstages
are tubes
suppliedin the
withr.f.a
plate potential of about 130 volts from the
power unit.
the plate
detector
receives aboutThe50 plate
volts.ofThe
of the
power tube receives about 180 volts, which
is the maximum permissible voltage for a
171 A-type tube.
6. Grid Circuits.
At tubes
a plate potential
130 ofvolts,
type
a gridinof this
bias
about226volts
which require
is supplied,
receiver,
by9
the resistor R4 connected between the ground
and the center-tapped resistor, Ri. This
resistor is bypassed by condenser Cs. The
grid leak of the detector is returned directly
to the cathode of the 227-type tube. A grid
bias of about 40 volts for the 17lA-type
tube is obtained by connecting a 2000-ohm resistor (Rs) asSupply.
shown.
7. Power
The B-power unit employs the power transformer
(T) with two secondary windings, Si and Ss. The
280-typefrom
rectifier
supplied
filament
current
Si and tube
plate isvoltage
fromwith
S5. The
filter
system consists of Li, L2 and C10, Cu, and C12, and
the voltage-dividing resistor Rr, with the necessary
by-pass condensers Cu and Cu connected across the
outputpliesterminals
of the
Transformer
filament energy
for filter.
the various
tubes in T>the supset.
The
receiver
is designed
for operation on a 110- to
120- volt
60-cycles
a.c. supply.

41

RADIO

NOVEMBER,

BROADCAST

1928

Radio Broadcast's Service Data Sheets on Manufactured Receivers
isemann
THE NR-80 is one of the latest redeveloped by The
the FreedEisemann ceivers
Company.
set is
mounted in a reinforced steel cabinet
and is designed for use on 110- to 120volt, 60-cycle alternating-current
supply.
TECHNICAL DISCUSSION
1. The Tuning System.
There are four tuning condensers,
Ci, C2, C.i and Ci. In the antenna circuit isemployed a special choke which
is designed to give somewhat greater
gain at the low-frequency end of the
broadcast band, thereby off-setting,
to some teriextent,
characstic ofa tunedther.f.opposite
amplifier.
The
antenna circuit does not require any
tuning condenser. To compensate for
the slight variations in the tuning coils
of theused.individual
stagesbe small
are
These may
moved "vanes"
nearer
to, or away from, the main inductance
of the tuning coils, and are adjusted
at the factory to the correct position. Each r. f.
transformer is shielded as indicated by the dotted
lines. ingTheneutralizing
various condensers,
tubes are neutralized
by connectmarked N.C.
in the
diagram, from the grid of the tube to the secondary
of the following r.f. transformer.
2. Detector and Audio Systems.
The grid leak and condenser type detector used
in this receiver utilizes a 0.00025-mfd. grid condenser and a 2-megohm grid leak. The detector
tube is a type 227. The plate circuit feeds into a
two-stage transformer-coupled amplifier using 3:1ratio transformers. The 17lA-type power tube feeds
into purpose
an outputof this
transformer
with isa turns-ratio
1 :1 ;
the
transformer
to keep theof d.c.
plate current
of
the
power
tube
out
of
the
loudspeaker circuit. The plate circuit of the detector
tube contains a condenser Co, with a value of 0.001
mfd. to bypass the r.f. currents to the ground.
3. Volume Control.
The volume control of the receiver is located in
the r.f. amplifier. It consists of a variable resistor,
Ri, with a value of 2000 ohms. It is connected directly
across the primary of the last r.f. transformer. As

ceives about 45 volts, and 157 volts
is delivered to the plate of the
powerpasstube.
Individual
bycondensers
C6, Ci and0.5-mfd.
Cs bypass
the
plate
circuits
of
the
various
tubes so that there will be no r.f.
r.f.
current flowing through the power
unit where they might cause coupling
wouldThese
make condensers
the r.f. amplifierwhich
oscillate.
also
serve
to
bypass
the
audio-frequency
a.f. stage.in the plate circuit of the first
currents

THE NR-80 RECEIVER
the arm of the unit is rotated in the direction which
reduces its resistance, it gradually shunts the primary winding and decreases the amount of signal
voltage which is fed into the detector tube.
4. Filament Circuits.
Four filament windings which supply current to
the tubes in the receiver are placed on the power
transformer. A 1.5-volt winding (S3) supplies all the
226-type r.f. tubes, a 2.5-volt winding (Si) supplies
the 227-type detector tube, another 1.5-volt winding
(S5) supplies the first audio tube, and a 5-volt windingings,(Se)onesupplies
the tubes
powerandtube.
1.5-volt
for the r.f.
one Two
for the
first windaudio
tube, are used so that a better hum balance may
be obtained. These windings are shunted by potentiometers R< and R3, each of twenty ohms, which
are adjusted
imum hum in atthe the
loudfactory
speaker.to the point of min5. Plate Circuits.
Three different values of plate voltage ere supplied
to the receiver by the power unit. The same value
of voltage is supplied to the plates of the r.f. tubes
and also to the plate of the first a.f. tube; this potential is approximately 100 volts. The detector re-

DIAGRAM OF RECEIVER AND POWER SUPPLY

6. Grid Circuits.
The grid circuits of the r.f. tubes
obtain a bias from the power unit and
somewhat greater bias is supplied
from the power unit to the first audio
tube. To obtain bias on the power
tube a separate resistor is used, R2 in
the diagram,
with a resistors
value ofwhich
1650
ohms.
These various
supplyiousbias
are bypassed
by varcondensers
in the condenser
block. If these resistors were not bypassed, an audiofrequency voltage would be impressed back on the
grid circuits of the various tubes and either an increase or decrease of amplification at certain frequencies would result.
7. The Power Supply.
The power supply is a conventional one using a
280-type
tube as the
full-wave with
circuit. The filament
of therectifier
rectifierin isa supplied
current by a secondary winding (SO on the power
transformer T. Plate voltage for the rectifier is
supplied
S». The
output of
of the
feeds intobya secondary
filter system
consisting
C9, rectifier
Cio and
Cn located in the condenser block and Li and L2,
which are filter choke coils.
The output of this filter system in turn feeds into
the potential divider, Rs consisting of a number of
fixed resistors connected in series and having the
values indicated on the diagram. At the junctions
between these resistors wires are connected for obtaining the various voltages required for the correct
operation of the different tubes in the receiver.
Power to the receiver is controlled entirely by the
switch connected in series with the primary winding
of the power transformer.

The

Improved

BTAINING a satisfactory source
of power for heating the filaments
of tubes in a radio receiver has
been one of the chief problems confronting engineers since the early days of
broadcasting. Of course, from the electrical viewpoint the storage battery is ideal
for the purpose, but broadcast listeners
and radio experimenters demand a device
which is capable of providing equally satisfactory results and which does not require constant attention. When a receiver
is operated with a storage battery it is
necessary to recharge the battery and
add distilled water at quite frequent
intervals.
Filament-supply units consisting of a
power transformer, rectifier and filter
system have proved to be one of the best
solutions to the A-power problem, and
this article describes one of the most recently developed devices of this type. It is
known as the Knapp A power, and was
developed in the engineering laboratories
of Knapp Electric, Inc., of Port Chester,
THE
N. Y. The unit is available as a kit, i.e.,
in knocked-down form, and the information contained in this article relative to
the electrical characteristics, assembly and
operation of the device was supplied by the
manufacturer.
The Knapp A Power converts current supplied by a standard 1 10-volt a.c. line into a
filtered 6-volt d.c. supply, which is satisfactory
for the operation of standard radio tubes. The
rectifier and filter condensers of the unit are of
the dry-electrolytic type, thus avoiding entirely
the usual maintenance operation of adding distilled water to the cells. Also, because of the
enormous capacities which it is possible to obtain with dry-electrolytic condensers, the a.c.
hum is eliminated almost entirely in the filter
circuit and cannot be detected with the usual
receiver.
From a practical viewpoint this A-power unit
has other advantages. When operated from a
i io-volt a.c. supply it may be employed to supply filament current to any standard home-made
or factory-constructed receiver using up to 8
tubes of the 201A type, or a combination of tubes
which requires a filament current of not greater
than 2 amperes. The unit may be connected
directly with the A binding posts of the receiver
without making any changes in wiring, and it is
connected with the house current by inserting a
plug in a wall receptacle. The efficiency of the
device is comparatively high; that is, it should
not increase the electric bill more than 25 or 50
cents per month.
SIMPLE ELECTRIFICATION SYSTEM
A NOTHER thing which should be pointed
out in connection with this power unit is
that it provides the nucleus for converting any
d.c. receiver into a completely-electrified set.
Many excellent devices are available which provide B and C potentials for the operation of all
types of receivers, thus the use of batteries may
be avoided entirely. Provision is also made in the
unit for controlling the power to the B-supply
unit with the switch employed for turning the A
power on and off; for this purpose a standard 1 10volt receptacle is included in the unit.
Power units of the type described in this article
are not a new development; in fact, they have
been in use generally for almost a year. In the

Knapp

A-Power

Unit

in the choke construction and through
the use of an extra high-capacity, dryelectrolytic condenser. Another improvement is found in the rotary switch which
replaces the old-style, plug-type voltage
adjustment. The result of these changes
is that the unit is not only more efficient
electrically but it requires less space in
the cabinet.
POWER UNIT VS. A. C TUBES
EFORE continuing further with this
B article it might be wise to clear up
one point which probably has entered the
minds of many readers; namely, why
should a power unit be employed for
supplying filament current for d.c. tubes
when it is possible to electrify a receiver
with a power transformer, wiring harness,
and set of a.c. tubes? Of course, both
systems possess merit, but it is safe to
say that the A-power unit provides the
simpler
the two, and
as inmore
order"sure-fire"
to employ method
a.c. tubesof
it usually is necessary to make a number
POWER UNIT WITH METAL CASE IN PLACE
of changes in the circuit as well as several
adjustments to reduce the hum. Also, the
arrangement of apparatus in a set may be such
March, 1928, issue of Radio Broadcast an artithat the constructor will not be able to eliminate
cle entitled, "A New A-Power Unit" by Ralph
the hum without considerable difficulty.
Barclay described an early model of the device
When comparing the cost of equipping and
now under consideration. This power unit has
provided many readers with excellent results,
operating receivers with these two systems of
but the new model is improved considerably
electrification several points must be taken into
and is capable of giving better performance,
consideration. With the power-unit method the
especially with modern receivers which employ
cost of electrifying the set is limited to the cost
of the power unit, but when a.c. tubes are
amplifiers with better bass-note reproduction
characteristics. Also, in the July, 1928, issue of
installed it is necessary to buy a power transRadio Broadcast the early model of this power
former, wiring harness, volume control, voltage
unit was the basis of the power unit described in
regulator, complete set of tubes, etc. With both
systems the current consumed from the 1 10-volt
an article entitled, "An Interesting A-B-Cline is about the same, but the cost of replacing
Power Unit and One-Stage Amplifier" by J.
George Uzmann. This article served to illustubes is two or three times as great when a.c.
trate how any home-made or factory-constructed
tubes are used. In both cost and simplicity it
set could be electrified easily and inexwould seem, therefore, that the method of obpensively.
taining light-socket operation by the use of a
A glance at the pictures and diagram on these
B-power unit in conjunction with an A-power
pages shows how the new Knapp A power differs
unit, is to be preferred to rewiring the. receiver
from last year's model. In the first place, it is for the use of a.c. tubes. A set will operate from
completely enclosed within a metal case, more
an A-power unit just as satisfactorily as from a
pleasing in appearance and of more sturdy destorage battery — and the power unit requires
sign. The electrical circuit has been improved
no attention.
but is fundamentally the same as before. It was
In selecting an A-power unit the amount of
found that the general use of high-quality
current and voltage which it will deliver at the
amplifier systems in 1929 receivers demanded
output binding posts is another important factor;
that the background of a.c. hum be reduced
that is, it is necessary to make sure that an ample
still further than it was in last year's model,
supply
is available for heating the tubes of the
and this improvement was effected by a change
receiver, notwithstanding normal line voltage
fluctuations. In this connection two graphs
showing the voltage-regulation characteristics
of the Knapp A-Power are given in Figs. 2 and 3.
Fig. 2 shows the output voltages obtainable with
the switch, SW2, set at each of the eight contacts
when the input potential is 116 volts. Fig. 3
indicates the output of
the power unit with the
switch, SWo, on the
fifth contact when input
potentials of 95, 100,
105 and 1 10 volts are

VIEW OF POWER UNIT
WITH METAL CASE REMOVED
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The graphs described
above show that the
applied.
power unit is capable of
supplying about two
amperes of rectified cur-
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rent at a potential of six volts, or in other words
it will deliver ample power for heating the filaments of eight tubes of the 201 a, i 12a or 171 a
types. Secondly, it is shown that by means of
the rotary switch, SW2, the voltage may be adjusted to the proper value for receiver whether
the line voltage is above or below normal.
CONSTRUCTION OF UNIT
THIS article has now reached the point where
the construction of the A power unit may be
considered. The reader interested in building the
power unit will find a complete list of the apparatus used in this new model at
the end of this article. Also, there
are two pictures which show the
appearance of the unit, and a complete schematic wiring diagram is
given in Fig. 1.
The picture of the completed
power unit shows clearly the outward appearance of the device. All
of the apparatus is housed within
the metal case and the voltagecontrol switch is regulated by the
FIG.
knob on the right of the panel. The
output binding posts are located in
the center of the panel near the top, and
at the left of the panel is a receptacle for
plugging-in the B socket-power unit. The metal
box mounted on the front panel conceals
the rectifier unit, the cord on the left is for
connection with the light socket and the cord
on the right is equipped with a switch for turning the unit on and off.
Fig. 1 shows the complete wiring of the unit.
T is a power transformer having a secondary with
eight taps for voltage control, and R is a full-wave
dry-electrolytic rectifier. The two heavy-duty
choke coils, which are of identical construction,
are located at U and L», and the three dryelectrolytic condenser units, also of similar design, are connected at Ci, C2 and C3. P is the
receptacle for the power lead from B-power unit,
SWi is the off and on switch, and SW2 is the
voltage control.
The actual construction of the power unit is
very simple. The assembly divides itself into
three major steps; viz, mounting parts on base
plate, mounting parts on front panel and assembly of mounting contacts for the rectifier
unit. After the parts have been mounted the
wiring may be accomplished quickly and
easily.
The base plate for the power unit is die cast
and has been drilled with all holes necessary for
mounting the chokes, transformer, condenser
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brackets, front panel and steel box body. First,
the two choke coils, Li and L2, are mounted in
place in the positions indicated in the picture.
Next, the transformer is fastened on the right
side of the base opposite the choke L2 so that the
taps are on the front edge. However, before
mounting the transformer the primary leads
should be arranged so that they pass through
the top and they should be scraped free from
insulation. To complete the assembly of parts
on the base the condensers are fastened in
place with their brackets, as indicated in the
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This precaution is necessary to insure the elimination of all moisture which may have collected
in the condensers.
Through experience it has been found that best
results are obtained from the power unit when it
is used every day. On the other hand, if the
receiver is not used for a week or two the power
unit should be disconnected from the set and
operated for an hour without load. Also, the
operation of the power unit may be improved
materially by operating it without the receiver
connected two or three hours each month.
After long service it will be found that the outpicture.
The front panel of the power unit is supplied
put voltage of the crease
power
begin to de-to
and it unit
will will
be necessary
correct the control, Sw2, to a tap
giving greater voltage. The rectifier
unit will finally require replacement.
It is a very simple task to put in a
new rectifier and these units are
available at all radio stores.
In operating the power unit there
is only one knob, Sw2, which may
be adjusted and this controls the
output voltage of the unit. In
adjusting this control the proper
I. SCHEMATIC DIAGRAM OF THE POWER UNIT
setting may be determined by placing the switch at the lowest tap
with all necessary holes drilled and tapped, and which provides satisfactory performance, but a
much more satisfactory arrangement would be
the mounting of parts requires only a few moto connect a 0-10 volt d.c. voltmeter across the
ments' time. The receptacle for the B socketpower unit is first mounted in the large hole output binding posts of the power unit. The
provided for it in the upper left corner,
meter is particularly valuable in districts
there are frequent variations in the
the eight-contact switch is mounted in a where
line voltage.
similar position on the right side of the panel,
and the output binding posts are located in the
LIST OF PARTS
two holes in the center of the panel near
the upper edge.
THE following
is ain complete
of the Kit:
apThe assembly of the rectifier mounting conparatus included
the Knapp list
A Power
tacts isvery simple. Five holes are drilled in the
T — One Power Transformer
front panel for the contacts which are fastened
in place with nuts and washers.
Li, L2 — 2 Heavy-duty a.f. choke coils
The wiring of the unit is shown clearly in the Ci, C2. C3 — 3 Dry-electrolytic condensers
diagram and an explanation of the connections
R — One Elkon dry-electrolytic rectifier unit
SWi — One Pendant switch and cord
is hardly necessary. In wiring the complete
SW2 — One Special 8-point switch, knob and plate
unit only eight feet of rubber-covered hook-up
P — 1 Receptacle for B unit |
wire is needed and, of course, the connec1 Attachment cord and plug
tions should be soldered if best results are
1 Celeron front panel
desired.
1 Base plate
OPERATION
1 Set of condenser brackets and clamp angles
1 Metal box and cover
1 Rectifier cover
AFTER the construction of the Knapp A
1 Celeron connector strip
Power has been completed the wiring
1 Rubber bushing
should be checked carefully, and then the unit
may be placed in operation. However, before 2 Output binding posts
the unit is connected to a radio receiver it should
1 Roll of hook-up wire
Mounting screws, nuts, bushings, etc.
be operated for at least an hour without load.
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The audio portion incorporates two stages of
IN THE October number of this magazine the
This method of voltage control is not autotransformer-coupled audio amplification utilizing
matic; itneed not be, because line voltage variawriter ceiver.
introduced
the
"Yivetone
29"
retions seldom occur more than once or twice in the new Thordarson R-300 transformers. For the
Readers of the article will recall that
in the design of the tuner quality and efficiency 24 hours, with the exception of dark stormy days output a choke and condenser device is used to
were the main objectives. These same qualities when the power station is heavily taxed. Under
prevent the high voltage from damaging the
are outstanding in the power supply and ampli- such conditions the voltage control, PR-050, is speaker windings. For the first audio stage a
fier unit which has been designed to work
type cx-327 tube is used, and in the last
in conjunction with the tuner, and which
stage a cx-310 power tube is required.
is described in this article.
The power supply portion utilizes a
Power amplification is, of course, an CT" HE amplifier and power-supply unit described in this half-wave rectifier system using a cx-381
admitted necessity in the modern receiver.
tube. The voltage required to operate this
■*■ article was designed especially for use in connection
Radio entertainment is no longer a nov- with the "Vivetone 2g" receiver which was presented in the tube is procured from a Thordarson R-2 10
elty or plaything, and radio builders and
power pack. It supplies the high voltage
October issue of Radio Broadcast. However, equally successful results may be obtained when the unit is connected
for the plate of the rectifier and has two
owners now demand the quality of reproduction that comes only with power am- with other standard a.c. receivers. The amplifier of the unit filament windings, one for the rectifier
tube and one for the 310 power tube.
plification and the use of an up-to-date
employs two transformer-coupled stages with a 310-type
loud speaker, such as the dynamic cone.
tube in the output circuit. The power-supply circuit pro- There are also the two necessary filter
This quality is assured in the Vivetone
chokes incorporated in the unit.
vides normal values of B potential for the receiver and amThe low-voltage transformer, T-2445,
amplifier by the use of a 310 tube in the
plifier, aswell as the necessary a.c. potentials for heating
which supplies the voltage for the 326
output and a scientifically designed
the filaments of the tubes. — The Editor.
coupling device, it has enough reserve
and 327 tubes and the pilot lamp, is also
mrsr. ra^her compact in design. It will be
power to eliminate the danger of overload
distortion, and it will be found that full
noticed that this unit is mounted alongvolume is seldom necessary for satisfactory
decreased until the meter on the receiver panel
side of the power pack, R-2 10. Next to it is
reproduction in the home.
the filter condenser block, PL-575, a 12-mfd.
reads
one or two tenths be'.ow the proper specified
reading.
The power supply incorporated in the unit
unit properly divided with terminals placed so
as
to simplify wiring.
Although it was designed especially for the
furnishes all the operating voltages for the amSince
the entire layout of the parts is so clearly
plifier and the tuner, and serves to make the en- "Vivetone 29" receiver, the amplifier power unit
semble completely light-socket operated. One of can be used with other a.c. tuners as an audio shown in the top view and the picture wiring
the most important features of the power supply
channel and power supply. It will operate ex- diagram, Figs. 2 and 3, it will be unnecessary
to give further details concerning their positions.
is the incorporation in it of an adequate means
cel ently as a phonograph amplifier by connectof voltage control. This feature appears to have
ing agood electrical pick-up unit across P and B
OPERATION
been neglected in most of the designs of our plus of the first-stage transformer.
A STUDY of Fig. 1 and the figures in the
present all-electric receivers.
CONSTRUCTION
** article in the October number of Radio
Practical control of voltage is accomplished in
the Vivetone power unit with two low-resistance
Broadcast (page 367-368) illustrating the conTHE entire amplifier and power unit is construction ofthe Vivetone 29 receiver, will show
power rheostats, one being a 50-ohm voltagestructed on a baseboard measuring 8" in
the constructor exactly how to connect the two
control rheostat, PR-050, which is connected in width and 10" in length, being \" thick. The audio
portion, as shown in Fig. 2 and 3, is mounted
units for operation. The only operating adjustseries with the primaries of both the power transat the left-hand end of the baseboard and the
ment that is necessary on the power unit is the
formers, while the other is a 0.2-ohm rheostat,
PR-210, which is connected in series with the supply portion on the right. A Micarta 8" by 20" adjustment of the voltage-regulating rheostats,
which is a very simple matter.
panel is used to mount the necessary resistances,
ij-volt secondary winding of the low-voltage
To obtain smooth voltage regulation from the
binding posts, a.c. outlet and speaker jack
transformer, T-2445. Fig. 1 shows the location and
wiring of these parts.
power unit is a simple
matter. With all the
Many may wonder
why a rheostat was not
specified tubes in their
respective sockets, all
also connected in series
the leads of the rewith the 2^-volt winding. The reason is, first,
ceiver
correctlyproper
connected
to their
that the 25-volt windposts on the power
ings of these transformers generally have
unit, and
a.c. voltmeterantemporarily
the correct voltage,
connected across the
whereas the 15-volt
heater terminals of the
winding will be found
detector tube socket
to deliver slightly
more than its rating;
(type
27 tube)
the
house power
is turned
and second, the volton, the secondary
age-control rheostat
rheostat, PR-210,
will take care of any
turned entirely to the
change in line voltage
left (full resistance),
that would increase or
decrease the voltage of
and the voltage control rheostat, PR-050,
the 2§-volt secondary
turned entirely to the
or any of the other
voltages after they
right.torAllow
the detectube about
one
have been once adminute
to
heat
up and
justed. Therefore, only
then adjust the setting
one secondary rheostat
FIG. 2
of the voltage control
is required, which is
rheostat, PR-050, until
Rear view showing layout of parts on baseboard
in the i^-volt circuit.
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cally and electrically equivalent parts can be
Editor.]by the experienced set builder. — The
made
Cost of Parts — Not over $95.00
1 1 hordarson filament-supply transformer
type T-2245
1 Thordarson power pack, type R-210
1 Thordarson choke coil, type R-196
2 Thordarson audio transformers, type R-300
1 Dubilier condenser block, type PL-575
1 Dubilier condenser, 1.0 mfd., No. 907
1 Dubilier condenser, 2.0 mfd., No. 903
1 Centralab heavy-duty potentiometer 10,000
ohms, typefourth-terminal
H P-010
1 Centralab
potentiometer,
PR-050ohms, type PF-6000
6000
1 Centralab power rheostat, 50 ohms, type
1 Centralab
PR-210 power rheostat, 0.2 ohm, type
1 Ward Leonard resistor, 10,000 ohms, No.
1 Ward Leonard resistor, 1000 ohms, No.

the meter registers approximately 2T4T volts
(but not over 25 volts).
The meter is then disconnected from the detector socket and temporarily connected to the
filament terminals of one of the r.f. sockets.
Then the position of the secondary rheostat,
PR-2IO, is corrected until a reading of approximately 15volts is obtained. With this done the
meter is connected permanently to the heater
terminals of the detector socket. The setting of
the secondary rheostat is then permanent and is
not to be disturbed.
To complete the regulation process, the proper
B voltages are to be determined. To accomplish
this a high-resistance voltmeter would greatly
simplify matters but for the benefit of those who
have no meters the position of the arm of HP-010
on the power unit should be approximately halfway between both end terminals, whereas the
arm of HP-6000 should be approximately three
quarters of the way to the right (farthest from the
negative end). The fourth terminal of PP-6000
should be approximately f of an inch from the
negative end terminal. This completes the regulation of voltages.
Now if a line variation occurs it will be indicated by the a.c. voltmeter, and only the voltage
control rheostat, PR-050, need be manipulated
to compensate for the line variation. In other
words, by increasing or decreasing the resistance
of this control all the voltages, a.c. and d.c, will
increase or decrease respectively. By keeping the
a.c. meter at approximately 2j% volts all these
voltages will be permanently correct.
In tuning the receiver there is really nothing
difficult. After the current has been turned on,
the tubes should be given at least a minute to
heat up; then signals should come in with great
volume and without hum. Should there be any
noticeable hum it can be eliminated by correcting
the arm position of the potentiometer, PP-015,
on the receiver chassis. It should be remembered
that the arm of the resistor, PP-2000, on the set
chassis should be approximately one third of the
way from front end terminal when the condenser
plates are completely meshed.
Should the reader desire complete constructional blueprints or detail information concerning the function of the receiver they may be
obtained by addressing the writer in care of this
magazine. The blueprints are priced at $1.00 and
are sold at their actual cost, including postage.
They consist of complete full-size wired layout
drawings, schematics, panel layouts, etc. of both

Vivetone receiver and power unit number one.
Blueprints describing another power unit have
also been prepared. This unit consists of a pushpull 310 power amplifier utilizing a 327 in the
first stage, as in power unit number one, and a
full-wave rectifying system using two 381 rectifier tubes. This unit is suggested for those who
require tremendous volume and wish to use
more than one speaker.
LIST OF PARTS
[The list below gives the parts used in the unit
described by the writer. Since all the parts are
of standard design, the substitution of mechani-

1 Ward
507-14Leonard resistor, 225 ohms, No.
507-1 1 five-prong, green top socket, No.
1 Benjamin
No. 9040
1 Benjamin four-prong, black top socket,
507-20 four-prong, red top socket, No.
1 Benjamin
9036
1 Yaxley junior jack, No. 701
1 roll flexible " Braidite" wire
Solid
"Braidite"
101 roll
Eby9040
Binding
posts wire
1 Westinghouse Micarta panel, i\" x 1 1"
1 Westinghouse Micarta panel, 1" x 2"
1 Nuts,
Westinghouse
Micarta panel, 20" x 8"
screws, etc.
For operating the unit in conjunction with an
r. f. tuner, the following accessories are required:
1 Cunningham cx-381 rectifier tube
1 Cunningham cx-310 power tube
1 Cunningham cx-327 tube
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base apart, when the solder is melted from the
prongs. C. S. Taylor, Ft. William, Canada.
Receiving Without an Aerial
THE writer has discovered that his particular
Atwater-Kent receiver functions quite satisfactorily when operated without an aerial, the
ground wire being connected to the antenna
post, and the ground post left unconnected.
Operation is more selective and good volume is
had on fairly distant stations. Occasionally a
variable condenser, in series with the ground
lead, is effective.
George N. Cook, Allenwood, Pa.
Bakelite Tube ,

Short-Wave Plug-in Coils
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Plate Coil
Grid Coil
"dud" tube bases as a
ideag offorusing
THEmountin
short-wave coils is certainly
a good one, but some fans seem to have
-Tube Base
difficulty in making a really rigid job. The
method illustrated in Fig. 1 has been in use in
Collars .
Supporting
the writer's set for some time, and although the
coils are subject to a lot of rough usage, they
FIG. I. COIL KINK
are just as strong and rigid as when first made.
The solution to the difficulties associated with
Tube-base plug-in coils of very rugged construction
may be made by mounting a bakelite tube on an old
these coils is found in winding the coils themtube base.
selves on separate forms rather than on the tube
base. This also provides greater latitude in winding specifications.
Polarity Indicators
The coils are wound on a piece of thin bakelite
IT
IS
often
necessary to find the polarity of a
tubing somewhat larger in diameter than a tube
'
line
or
pair
of wires from a battery. In the
base. Holes A inch in diameter are drilled 1200
apart around the bottom edge of the tubing to absence of a meter the following methods may be
admit a -jV machine screw. Holes are also drilled used to determine the polarity of a source of
direct current.
and tapped 120° apart about \ inch from top
A small section of blueprint paper, such as
edge of the tube base. The tubing is supported
from the base by small collars made of brass is used in reproducing mechanical drawings,
should be moistened and the two leads brought
tubing, and cut just long enough to fill the space.
into contact with the surface. For voltages up
The whole is held together with A round-head
to one hundred, the leads should be separated
machine screws, as illustrated in Fig. 1.
After the coils are wound, they are given a about one-half inch; for higher potentials this
coat of cement made of celluloid dissolved in distance should be increased correspondingly.
When the two leads are removed there will be a
amyl acetate which insures the wire remaining
small bleached section where the negative lead
tight. The number of turns to use is not specified,
as this information has appeared several times touched the paper.
in Radio Broadcast and of course varies
Another simple test for polarity can be made
with a potato. The potato is
with the tuning condenser
cut in half. Stick the two wires
and also with the diameter
to be tested into the freshly
of the coil. The reader is recut surface, about one inch
ferred particularly to the deapart. In a short time you will
scription ofthe Cornet receiver
find that the potato has turned
of Lieutenant Wenstrom, which
green around the negative
appeared in September Radio
wire.
Broadcast.
J. B. Bayley, Jersey City, N.J.
Some readers may find difficulty in removing the vacuum
staff comment
tubes from their bases. The
The blueprint paper should
easiest method seems to be to
To"AUnit
be partially exposed before
pour a little wood alcohol
being used for the test. The
FIG. 2
through a small hole drilled in
the base. After standing awhile
When a.c. tubes are used this potato47idea is an old one but
the cement will be softened
simple circuit will
will often effect worth reprinting for the benefit
enough to pull the tube and a marked reduction in hum. of the new fan. The salt-water

test is also simple and definite. Place two leads
from the doubtful d.c. source into a glass of
salt water. Bubbles will rise to the surface about
both leads, but more bubbles will surround the
positive wire.
Reducing Hum in the Detector
\ A /HEN a combination of A and B
' " socket-power units is used with d.c. tubes,
a slight amount of a.c. hum generally is present
in the loud speaker output. This hum can be
reduced materially, if not eliminated, by connecting a30-ohm potentiometer across the filament terminals of the detector tube. The grid
return is then connected to the slider contact of
the potentiometer, instead of to one side of the
filament. When the potentiometer is adjusted
to its mid-position, or approximately so, practically all trace of a.c. hum should disappear. A 1.5volt flashlight cell, connected as in the diagram,
Fig. 2, will provide the positive or negative grid
bias required for the operation of 201 a- or 200Atype tubes respectively.
Charles D. Savage, Portland, Ore.
Reducing Hum in A.C. Sets
A GREAT deal of the hum in an a.c. homeconstructed set comes from parallel leads
and leads placed too close to the power transformer. Asimple way to overcome this difficulty
is to use the conventional automobile "BX"
cable for all filament wiring and then ground the
metal casing on these leads as well as the transformer shell. This trick has cured more than one
baulky set.
J. B. Bayley, Jersey City, N. J.
staff comment
The remedy suggested by Mr. Bayley will be
effective in many cases. Shielding of the type he
suggests should always be used, as a precaution,
in wiring a.c. amplifiers for television reception.
Small size BX cable can be obtained at any automobile-sup ly store or large garage.
Improving Capacity Feed-Back
Regenerative Circuits
I HAVE just built the adapter described in your
* July issue and, while I think it provides the
last word in satisfactory performance, I observe
the presence of the familiar trouble of jumping
suddenly into oscillation. The setting of the plate
condenser is too critical for voice. It follows the
tuning condenser too closely, to say nothing
of the fact that the dial setting of the tuning
condenser is affected by changes in the coupling
condenser. This is an objection I have noted in
all receivers employing this system of oscillation
control.
However, as soon as a universal-range Clarostat was connected across the tickler, these objections disappeared. The variable resistor be
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to a comfortable degree, by means of the resistor,
and the set always is tuned to approximately
the same volume.
Home-Made

FIG. 3. SIMPLE OUTPUT CIRCUIT
With this arrangement it is possible to change from
phones to loud speaker without disturbing the tuning adjustments.
comes the main control and should be mounted
on the panel and the midget condenser, now an
auxiliary, is relegated to the sub-panel. The
over-all flexibility, ease of tuning, and reduction
of body-capacity effects show a marked improvement.
E. W. Matthews, Augusta, Ga.
STAFF COMMENT
The control of regeneration by means of a
variable resistor connected across the feed-back
coil is not new, but it seldom is employed in
capacity-controlled circuits. However, as a
matter of general principle, the use of a continuously variable resistor, so connected in any
regenerative circuit, will provide the smoothest
possible regeneration. The resistor, as suggested,
is connected directly across the terminals of the
tickler coil.
Tuning-in With a Distant
Loud Speaker
DEGENERATIVE detectors, followed by
two audio stages, are found in many modern and ancient receivers. When the speaker is
moved to some remote point, the operator is
confronted with the problem of tuning the set
by the phones. This is easy enough to accomplish in itself, simply by plugging into the detector
jack, but it will be found, as a rule, that when
the phones are removed, the constants of the
plate circuit are so changed that the point of
optimum regeneration is passed, and the set
may even break into oscillation. If we plug
into the loud-speaker jack, we get unbearably
loud signals which may injure the phones, to say
nothing of the ears!
There are many what might be called "orthodox" ways of overcoming this difficulty, probably
the simplest of which is shown in Fig. 3. The
value of the resistance R depends upon local
conditions. Between 5000 and 10,000 ohms will
fit most cases, but the best way, if you have a
Clarostat or Royalty or other make of variable
high resistance handy, is to connect it at R, set
it to a comfortable volume of an average signal,
measure the resistance and buy a cheap powerunit resistor near the value found, which is wired
into place permanently.
W. Bruce Ross, W'estmount, P. Q.
STAFF COMMENT
A perhaps more universal and equally simple
arrangement for tuning with the telephone receiver, isto shunt a Centralab modulator plug
(or any variable resistor having a range between
one hundred and two thousand ohms) across the
telephone receivers and plug the phones into the
loud speaker jack. The volume can be adjusted.

I.F. Transformers

IN THESE days of cheap retail radio prices,
there are few pieces of apparatus that the fan
will find it worth while to make. However, the
intermediate r.f. transformers for a superheterodyne are an exception. Efficient transformers may be made easily at a considerable
saving by the super-heterodyne enthusiast.
The following notes describe an intermediate
transformer, designed for 201 a or similar tubes,
having a natural wavelength in the circuit of
about 2000 meters — giving a wide separation
between repeat tuning points on the oscillator
dial.
Two discs of wood j inch thick by 1 j inches in
diameter and a wooden core j inch thick by §
inch in diameter are required for each transformer. These pieces are assembled as in Fig. 4.
Small wire brads may be used to fasten the
discs to the core. Before winding, two holes
should be drilled in each disc, near the outside
for connecting terminals.
The windings consist of 200 turns for the primary and 800 for the secondary of number32 s.c.c.
or enameled wire. The wire should be wound
haphazard fashion. First wind the primary over
which place a layer of thin paper and then wind
on the secondary in the same direction as the
51
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FIG. 4. DETAIL OF SPINDLE
<--The coils of an_ 3,intermediate-frequency
transformer
"
may be wound on this simple spindle. Heavy cardboard may be used for the end pieces if desired.
primary. Boil the completed unit in paraffine
(make sure that the paraffine is not hot enough to
smoke) for about a half hour. Terminal posts
may now be inserted in the four holes drilled
in the discs and marked primary, Plate and B
plus, and secondary, Grid and Filament. The
start of the primary is connected to the B plus
and the finish to the plate. The start of the
secondary goes to the filament and the finish to
the grid.
No matching of the transformers is necessary
as they were found to tune close enough.
No filter circuit is required as the combination
of two or three of these transformers provides
a band-pass of about the correct width.
R. W. Tanner, Springfield, Ohio.
Prolonging the Life of the 171A
HP HE Laboratory Information sheet number
*■ 204, appearing in July issue of Radio Broadcast contained information concerning the
short life of the 171-type tube, used in a.c. sets.
As a radio service man with considerable experience in servicing electric sets, I can name
two causes for the trouble, other than fluctuating
line voltage
1 believe that the greatest source of difficulty
arises from using iyiA-and 371 a- type tubes in
sets which were designed for the 171 or 371 types.
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As these newer tubes draw only one-quarter
ampere filament current, naturally the filamentsupply winding on the transformer, which has
been designed for a one-half ampere load, will
provide an increase in voltage, and soon ruin a
quarter-ampere filament. This same effect has
also been found in battery sets where the audio
tubes are controlled by a fixed resistor.
The remedy is extremely simple. Shunt a 20ohm resistor across the filament terminals of the
tube sockets, thereby adding another quarterampere load to the circuit, and the tube will
then have a normal life.
Another trouble which I have run across is
due to a low value of grid voltage on the tube.
This is sometimes caused by a variation in the
resistor which provides the voltage drop for the
negative bias. When this grid voltage is low,
the tube draws an excessive plate current, which
soon lowers its electron-emitting characteristic.
This can be prevented by adding sufficient resistance to the C-bias resistor, to bring the
grid voltage up to the proper value to balance
the plate voltage, which figure may be determined from the tube chart, supplied by the manufacturer of the tube. Probably an additional
100-ohm unit would be good as a trial resistance.
I cannot recall a single instance of power tube
failure, where the tube itself has been at fault.
A. H. Goud, S. Portland, Me.
STAFF COMMENT
If it is possible to locate conveniently the
resistor through which the filament current to
the power tube is fed (in the case of d.c. sets
designed for the 171 tube), this can be -replaced
by a 4-ohm resistor, or any quarter-ampere
ballast resistor, with the same result.
Special Soldering Irons for
Difficult Jobs
CET-BU1LDERS and repairmen are running
^ continually into odd soldering jobs which
require a great deal of valuable time and are very
trying on the patience. A set of irons similar to
those illustrated in Fig. 5 will make soldering
less troublesome.
The general type, shown in diagram A, is
followed by the manufacturers of both electrically and externally-heated irons.
Mounting the heads at right angles to the
shafts as shown in drawings B and C greatly
facilitates working in out-of-the-way places.
Drawing D shows a third modification with the
head at a forty-five-degree angle to the shaft
making an arrangement that should do the trick
when all others fail.
A copper bar, one-inch square, was used for
all
the irons mentioned and found to be quite
satisfactory.
George W. Linn, New York City.

k—
FIG. 5. SPECIAL SOLDERING IRONS
Difficult soldering jobs are greatly facilitated
by using home-made irons of special design.

THIS PICTURE SHOWS THE ARRANGEMENT

The

creen-Grid
By

'HEN the course of research, which was
for the purpose of deterV T undertaken
r
mining the best type of circuit arrangement, as well as coil construction for the screened tube, left no doubt that the final method
evolved gave the optimum results not only with
this tube but also with standard a.c. and d.c.
tubes, it was decided to proceed with the construction ofa receiver utilizing this arrangement
which, from its characteristics of adjusted phase
relations, was called the "Chronophase."
Inasmuch as the "Chronophase" receiver was
being planned to secure "dx" reception, through
strong local interference, it was decided that a
signal strength of one per cent., fifty kilocycles
on each side of the resonant frequency, was the
maximum allowable. With an experimental setup entirely unshielded and with the coils
separated by eight inches, it was found that such
selectivity was secured by the use of two stages
of radio frequency utilizing a 200-foot antenna
approximately 50 feet high.
Next came the question of audio-frequency
amplification. The most powerful audio equipment which can be built into a receiver, in most
instances, will employ a 171-type tube which
has an amplification factor of about three. With
this tube in the last stage 650 milliwatts of undistorted output is obtained under proper load
conditions when an alternating potential having
a value of 285 volts r.m.s. is impressed on the
grid. A transformer recently has been made
available of a type with a much flatter curve
over the audible range than is ordinarily obtainable and continuing the flat portion of this curve
out beyond the audible range so that there will
be no loss of overtones and harmonics. These
transformers give a voltage amplification of 3, so
if we use a 20 1 A-type tube in the first stage of the
audio amplifier, we have an amplification factor
between the detector output and the input to the
grid of the last audio tube of 3 x 8 x 3 or 72.
Since our tube required a maximum voltage of
28.5 r.m.s. to secure its greatest possible output,
the corresponding detector output would have to
be about 400 millivolts which is readily obtainable following two stages of r.f. amplification

OF APPARATUS OH THE CHASSIS OF THE RECEIVER

Receiver

BEET E. SMITH
Aero Products, Inc.

with a voltage amplification of about eleven per
stage,
stages. which is provided by the "Chronophase"
MECHANICAL DESIGN
LJAVING both the audio-frequency and
* * radio-frequency amplifiers determined, it
was now only necessary to design the receiver in
such a way that no serious losses would result in
the layout and construction.
Always presuming that the coils and condensers ofa radio-frequency amplifier are of the
best quality obtainable, one of the most prolific
sources of difficulty has been found to be in long
leads, particularly in the grid circuits which are
prone to pick up unwanted signals. The plate
leads come next in sensitivity to external influences. Inorder to keep both of these as short
as possible, the arrangement of parts indicated in
the picture was employed. Stators of the condensers, which perforce must be in the grid circuit
anyway, are used as grid leads, allowing the
placing of each tube very close to the subsequent
radio-frequency transformer, and permitting
extremely short leads. A triple condenser with
trimmers for compensating any slight differences
in capacity is used to tune the amplifier. It was
deemed advisable because of antenna variations
to put the midget condenser, used as a vernier for
the first stage, on the panel. A variation of this
was required on both sides of the normal capacity of the condenser.
The illustration shows the complete layout
finally adopted for the receiver. The Central
Radio Laboratories manufacture a special stepless variable resistance for the stabilizing control
which can be adjusted to hair-line accuracy.
The Allen-Bradley grid leaks used are built from
a solid block of non-hygroscopic carbon this unit
is unaffected by weather changes, making it
possible to solder the grid leak permanently into
place without using the ordinary grid -leak clips
which are a fertile source of trouble, due to
oxidized and poor connections and consequent
noisy
The operation.
fixed condensers were also selected with
49 in such a position in
great care, since they are

the "Chronophase" system that too great a
phase-angle difference in the dielectric would
seriously affect the operation of the circuit.
An inspection of the picture will show that
there are practically no connections on the top of
the subpanel other than those running from the
stators of the variable condensers to the No. 6
terminals on the coils. The coils are mounted
with three machine screws, and the 0.001-mfd.
condensers between the plates of the tubes and
the taps on coils are connected to the mounting
screw between terminals 3 and 4 on the underside of the panel. A piece of flexible wire is attached to the top of this screw, the other end of
which can then be connected to whichever terminal of the coil gives the desired results as will
be explained later.
WIRING THE RECEIVER
AFTER
makingcircuit,
these twisting
connections,
wire into
up
the filament
the leads
a cable which more or less follows the outside
lines of the sides and back of the panel. All filament, B-plus, and C-minus wires can be twisted
into the cable wherever convenient, but the plate
and grid leads should always be kept free, with
the exception of the audio output lead which
can be cabled with everything else.
When the wiring job is completed the set can
be tested out before being put into the cabinet
by placing an old dial on the condenser shaft
and attaching the oscillation control and midget
condenser with flexible leads. The circuits should
be balanced, as will be explained in another
paragraph, after it is mounted in the cabinet by
attaching the mounting pillars to the screws in
the subpanel in such position that they will be
exactly over the bottom holes in the cabinet.
Lower the set into the cabinet with the front end
down and start the condenser shaft into the dial,
and then dropping it back in until it fits into
place. Now connect the flexible leads which were
left for the midget condenser and resistance,
tighten up the screws in the holes in the bottom
of the cabinet and the set screw binding the dial
to the shaft, and the set will be ready for
operation.
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The matter of balancing up the set is not at all
difficult but will require quite a bit of time. In
most cases, regardless of the type of tube used,
the set will be found to operate to the best advantage with the antenna on tap No. 2, the first
radio-frequency coil connected to tap No. 3,
and the second radio-frequency coil at tap No. 1
or tap No. 2. For a comparatively short antenna,
it may be desirable to put the tap on the antenna
coil on No. 3 or No. 4, and for maximum selectivity with a long antenna, tap No. 1 should be
used.
BALANCING PROCEDURE
A SUGGESTED method of procedure for
balancing is as follows:
After connecting the taps as suggested, tunein a station which will give a fairly weak signal
when the set is not oscillating. Turn up the stabilizer until the set oscillates. Then, with the set in
oscillation, adjust the trimmer units on the two
rear sections of the multiple condenser until
maximum volume is obtained, retuning to a
weaker station if necessary, so that while adjusting, the volume is always kept at a comparatively
low value. When perfectly balanced, the set
should go into oscillation with the stabilizer
about one third of the distance from minimum
resistance, and should go in and out of oscillation at the same point; that is, it should be unnecessary after the set breaks into oscillation to
retard the control beyond the point where it
went into oscillation to clear it up again. If
the set does not oscillate easily enough, raise the
tap on the detector input coil. If it oscillates too
easily, reduce this to tap No. 1. If insufficient
selectivity is obtainable even with the antenna
coil at tap No. 1, reduce the tapped portion of
the middle coil. With everything properly adjusted, the removal of the cap from either of the
screen grid tubes should practically stop the set
from operating, although if it is tuned to a
strong local station, the removal of the cap from
the second tube may leave a trace of signal.
Touching the first section of the tuning condenser
should completely stop operation. Touching
the second section should almost stop operation
and touching the third stage, should reduce the
volume considerably.
If the set is lacking in volume, or if a continuous high-pitched whistle or growling note is
heard, a 1.0- or 2.0-mfd. condenser should be
connected across the B minus and B plus 180volt taps.
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Using the particular receiver described in the
article, on a 200-foot antenna, sufficient selectivity was obtained to bring in woe while webh
and wbbm were both in full operation, although
webh is located within a mile of the point where
the set was tested. With the same adjustments
exactly, and during the same evening, the set
brought in stations over a thousand miles distant
with full loud-speaker volume. Over a short
period of testing, stations on both coasts were
received.
The need for careful adjustment of both taps
and trimmers on the multiple condenser cannot
be too strongly emphasized. If either adjustment
is not correct, there will be a pronounced lack of
selectivity and the receiver will probably bring
in nothing but local stations.
OUTPUT DEVICE NEEDED
IT PROBABLY will be noticed that no provi* sion has been made on this receiver for an
output device. Many of the modern types of
dynamic speakers contain a transformer and,
accordingly, it is unnecessary or desirable to
have an additional transformer built into the
receiver. Furthermore, some builders prefer a
choke and condenser output coupling, while
others are strongly in favor of an output transformer. So with the idea of leaving the receiver
as versatile as possible, the matter of output
device was left to the builder.
Under no circumstances, however, should the set
he used without some kind of satisfactory device
to keep the direct current from the loud speaker
windings.
[Note: The voltages suggested by the author
for use on the screen-grid tubes are higher than
those recommended by the manufacturers of
these tubes. Normal screen-grid, control-grid,
and plate potentials are 45, 1.5 and 135 volts,
respectively. The simplest way to get such voltages to the proper places within the set is to connect the screen-grid leads to the blue 45-volt
lead which at present is connected only to
the primary of the first audio transformer. To
get 135 volts on the plates of these tubes it will
be necessary to run a separate !ead to a 135-volt
source, or to operate the power tube at this
voltage when no change in the wiring will be
necessary. The 10-ohm resistor R4 should be
connected in the plus filament lead to the two
screen-grid
tubes instead of in the negative
lead.
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In the Laboratory the difference between
operating the receiver at normal voltages and
those recommended by the Aero Products
Company was hardly noticeable, although this
is evidently not true in all cases, since the Aero
Company advises that they obtained much
better results with higher voltages. The disadvantage ofusing higher than the rated voltage,
is that shorter tube life results. — The Editor.]
list of apparatus

~T* H E following is the list of parts recommended
1 by the author of this article. Other parts of
similar characteristics may be used if the constructor desires. The coils are 2" in diameter,
wound with 90 turns of No. 22 B & S d.c.c. wire
air spaced .005 inches and tapped as shown on the
circuit diagram. The list price of the parts in
kit form is $74.50. — The Editor.
Ci, C2, C3 — 1 Aero gang condenser, .00035-mfd.,
Type AE-2 155
C5 — 1 Aero midget condenser, No. 940
C6, C7, C10 — 3 Aerovox mica condensers, .001mfd.
Cs — 1 Aerovox mica condenser, .003-mfd.
C9 — 1 Aerovox mica condenser, .00025-mfd.
Li, L2, L3 — 1 Aero coil kit, No. U-203
L3, L6 — 2 Aero NoSkip chokes, No. C-60
Ri — 1 Aero variable resistor, Type AE250
R; — 1 Bradley Grid leak, 3-megohms
R3 — 1 Daven ballast, No. 5
Ri — 1 Yaxley resistance, No. 810
Ti, T2 — 2 Aero audio-frequency transformers.
Type AE770
Y — 1 Yaxley cable connecter, No. 669
A — Aero split-brass bushings, Type S-i
1 National dial, Type E
3 Kurz-Kasch walnut knobs, No. 98
2 Carter screen-grid connecters, No. 342
1 Eby Junior binding post
1 Aero cabinet, Type 400
1 No. 20 drilled Formica base-panel with alt
sockets, grid-leak clips, etc. mounted
9 Kellogg solder connecters, No. 2
50 ft. Rubber-covered stranded hook-up wire
4 ft. Rosin-core solder
5 Aero S4 mounting posts
3 Aero S3 bakelite bushings
1 Aero No. 3 screw assortment
Brass machine screws R. H., N. P., 5!" XjV

Who
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A FEW years ago, before industry deprived
me altogether of leisure, 1 was returning
by train from a walking trip in the
country which had lasted several days and left
me with a coat of tan and a considerable growth
of beard. The train boy, happening to speak to
me when I purchased some of his wares, began a
sentence with the words, "All right, sir," but,
glancing up at me as his lips formed the sibilant
of the respectful title, and beholding my sweater
and beard, he changed it hurriedly to " Feller."
He was a class-conscious train boy. I reflected
that the word Fellow has numerous meanings,
and I could not tell whether he intended the
one numbered in Webster 2. A companion;
comrade; associate; contemporary or 3, An
equal in power, rank, character, etc.; or perhaps
even 6, A man of low breeding or of little worth;
but I bought the lemon drops anyway.
Little did that snobbish youth know that the
term which he used disparagingly also has
learned associations, and, in scientific circles,
entitles one to all the honors of a bishop among
the men of God. Nevertheless, it is so, as he
would see were he to consult the 1928 Year Book
of the Institute of Radio Engineers. Of a total
of 4200 members on December 1, 1927 (it is
probably thirty or fifty per cent, greater by this
time), 3543 were resident in the continental
United States, the Canal Zone, Philippine
Islands, and Alaska, and of all these radio engineers and aspirants under the flag of the
United States only 74, I ascertained by a statistical investigation, are Fellows. It is easy, if
one is of normally good character, to become
an Associate Member. Full Members, although
not born, may be made. But a Fellow! He is one
of the 2 per cent., and a rare zoological specimen even at a meeting of the Institute. Contrary
to the advertisements celebrating the prevalence
of a certain affliction, four out of five cannot even
hope to get it, and most of the remainder are
turned down by the Committee on Admissions,
of which Dr. Frank Conrad was Chairman in
1927, while Mr. R. A. Heising holds the helm
this year. In 1927 10 Members had the temerity
to seek admission to the Fellow grade; six were
admitted, while four applications were denied.
One Fellow was elected directly.
The Constitution of the Institute provides
that a Fellow shall not be less than thirty years
of age. He may be elected under one of several
provisions. If he is a radio engineer by profession, "he shall be qualified to design and take
responsible charge of important radio work; he
shall have been in the active practice of his profession for at least seven years, and shall have
had responsible charge of important radio work
for at least three years." Asa professorof physical
science or of electrical engineering he is subject
to equally severe requirements, if he seeks the
honor in that section. By "notable original work
in radio science," inventions, or contributions
to literature giving an applicant "a recognized
standing at least equivalent" to the above he
may also hope to become a Fellow. Under these
provisions noted radio executives, like Mr.
Sarnoff and Mr. Young, are admitted to the
august company of their own chief engineers,
and,1, like them, pay annual dues of $15, but they
don't
want have
to. to read the Proceedings unless they
Moved by a perhaps unseemly curiosity, I re-
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cently read through the list of members of all
grades published in the 1928 Year Book to see
what the"74 indigenous Fellows did during their
business hours. Thirteen, I found, are engineers
employed by Radio Corporation, General Electric, and Westinghouse, and two are non-engi-

CHIEF OF THE INSTITUTE
Dr. Alfred N. Goldsmith, president,
the Institute of Radio Engineers
neering employees of this group of companies.
Ten are engineers for the American Telephone
and Telegraph Company. Seven are engineers
for miscellaneous radio concerns. Six are consulting engineers. Eleven are executives. One is
in the sound-movie business. Two are definitely
outside of radio in their business connections.
Professors of engineering or allied subjects at
universities number 6. There are 3 army or navy
officers, and 5 in civilian government positions.
In 6 cases no vocational information is given.
My object in printing this is to render some
of the impassioned opponents of the big corporations privy to the hitherto unrevealed fact
that over a third of the leading radio engineers
of the country are already in the hands of these
octopi, and all of them may be swallowed unless
Congress does something about it.
Other interesting facts may be gleaned from
the Year Book. As they are published for all to
see, I may be permitted to comment on them
without scandal. Note, that Major E. H. Armstrong, indubitably one of the genuinely great
men of radio, did not become a Fellow until
1927. He could have been one any time after
he wrote his classical paper on the vacuum
tube, in 19 15, or as soon thereafter as he became
30 years old. Why didn't he bid for the honor
sooner?
just didn'tW.give
that
wouldMaybe
be likeheArmstrong.
R. G.a damn;
Baker,
Managing Engineer of the Radio Department
of General Electric, is still down as an Associate;

he has since come up for the grade of Fellow,
however. More than one of the luminaries skip
the Member grade, apparently. Stuart Ballantine became a Fellow in 1928, also, rising from
Associate; he must be one of the youngest among
the Fellows, but his recondite and brilliant researches deserve the honor. Harold H. Beverage
remains a Member in the 1928 Year Book. Mr.
H. O. Boehme is also down as a Member ('15).
If youber don't
remember
him, you don'tCompany
rememthe Atlantic
Communication
either, and if you don't remember the A. C. C.
you are no radio man. But where is the name
of
George ofH.the
Clark?
He doesn't
be a
member
Institute
at all,seem
theseto days.
John M. Clayton, the Secretary of the Institute,
is a Member. Powell Crosley, Jr. is a Member.
H. P. Davis, the Vice-President of the Westinghouse Company, who is probably responsible
in greater measure for the existence of broadcasting than any other man and who is an engineer
to boot, is not listed. Dr. J. H. Dellinger was
elected a Fellow in 1923 and became President
of the Institute in 1925. Carl R. Englund of the
Bell Telephone Laboratories, one of the most
brilliant controversialists in the Institute, was
only an Associate in 1927; he has since been
elevated to the Fellow grade. C. L. Farrand seemingly has no desire to rise above the Member
degree. A. H. Grebe, although a Manager for
three years, remains an Associate. Similarly
David Grimes. And ditto Charles A. Hoxie. So
does Edward J. Nally, the first President of
the Radio Corporation of America, modestly
remain an Associate. Hudson R. Searing, an
electrical engineer who was one of the pioneers
among the New York amateurs, and Harry W.
Secor, who was writing radio articles during the
years of radio antiquity, are both associates,
Mr. Secor since 1912, when the Institute was
founded. Hendrik J. Van Der.Bijl, the author of
the well-known text on vacuum tubes, is a
Member in South Africa. Irving Vermilya is a
Member also; ten years before there were broadcast listeners to be annoyed, he was a master of
spark sets from one end of Long Island Sound
to the other.
On the same page of the Year Book one's eye
strikes the name of Manfred' von Ardenne, the
German baron who, as a radio engineer and
mathematician, was able to hold his own with
some of the Fellows of the Institute during his
visit a year ago, but who is so young that he can
only qualify as a Junior. Finally, among the
Z's, just before the name of Prof. Jonathan
Zenneck, the Fellow who came from Germany
this
to isreceive
Medalranksof
Honor,yearthere
HaroldtheR. Institute's
Zeamans, who
among the Associates, for he is a lawyer and not
an engineer, but for all that he is one of the oldest members of the organization and has been
presenting it with legal counsel since 1912.
Thus there are great and prominent men
on the lower ranks of the hierarchy, as well as
among the Fellows. Prominent or not, they can
vote, speak their minds at the meetings, and
preserve the Proceedings in their libraries. There
are, however, privileges which they do not enjoy. Only the Fellows have the right to wear
badges with blue lettering on a gold background,
only Fellows may aspire to election to the offices
of President and Vice-President, and only
Fellows are ipso facto famous.

New

PRODUCTS of radio manufacturers whether
new or old are always interesting to our
readers. These pages, a feature of Radio Broadcast, explain and illustrate products which have
been selected for publication because of their special
interest to our readers. This information is prepared bythe Technical Staff and is in a form which
we believe will be most useful. We have, wherever
possible, suggested special uses for the device mentioned. Itis of course not possible to include all
the information about each device which is available. Each description bears a serial number
and if you desire additional information direct
from the manufacturer concerned, please address a
letter to the Service Department, Radio Broadcast, Garden City, New York, referring to the
serial numbers of the devices which interest you,
and we shall see that your request is promptly
handled. — The Editor.

Two-Stage Power Amplifier for
A.C. or D.C. Operation

Apparatus

THE NATIONAL TWO-STAGE
POWER AMPLIFIER
single-phase, 1800-RPM motor for receiving
sets employing 9- to 18-inch aluminum scanning
discs. The motor revolves 1750 RPM at full
load and a variable speed range of 750 to 1700
RPM is obtained with a 60-ohm rheostat. Price-

$23Machined
.00.
flange for scanning disc for all motors. Price: $3.00.
Rubber-cushioned base. Price: $2.50.
Manufacturer: Interstate Electric Company.
Application: This motor is of the induction type,
not relying upon a commutator either for starting or running. Because of the fact that the motor
is placed in close proximity to the television
amplifier, tiny sparks, such as are produced by
brushes sliding over the surface of a commutator
while the motor is running, would
create disturbing electrical waves,
which if picked up by the amplifier
may cause distortion or fogging to
Slow
such a degree that the sought for
Continuously
resistancevariable
picture would be a failure. This
motor is silent in operation and
free from hum, either of which
Connect Color to Color
affects the amplifier because of distortion and lack of clearness. The
FIG. I.
circuit is given in Fig. 1.
Diagram shows method of connecting Baldor
The following excerpt from one
motor with condenser block and a.c. line
of the engineering Test Department Reports of the Interstate
1 i2A-type tube in the first stage and operate
Electric Co. is of interest: "The scanning discs as
the amplifier from a storage battery. Resistances
used to-day for television reception are anywhere
are contained within the device so that the proper
from 9 to 24 inches in diameter, and tV or \ inch
C-bias potential is supplied automatically to thick, usually of aluminum. These discs, may be
the tubes. The unit is wired completely.
driven by an M2V, tsHP; Baldor motor, which
Manufacturer: National Company, Inc. Price:
has ample power for this purpose. As a matter of
$40.00 completely wired but without tubes.
Application: The amplifier may be used readily
in conjunction with radio tuners or it may be
used with a phonograph pick-up for the electrical
reproduction of phonograph records. It may also
be used to replace poor audio systems in old
sets, thereby improving the quality of the
reproduction.
X71
Device: National Push-Pull Amplifier. This
is a complete two-stage transformer-coupled
power amplifier. It does not contain any power
supply, but it may be light-socket operated by
the use of a 227-type tube in the first audio stage
and two 210- or 250-type tubes in the output
stage, which is push-pull. An extra socket is
provided so that those who desire may use a

Improved Motor for Television
X72
Device: Baldor Ball-bearing Motor. These
motors are intended for use in television receivers
for driving the scanning disc. Two types are
available.
Type YIV is a |-HP, uo-Volt, 60-cycle,
single-phase, 1800-RPM motor designed for
receiving sets using a 24-inch scanning disc. It is
designed to maintain a constant speed between
750 and 1700 RPM with a 5- to 45-ohm variable
resistance. Price: $30.00.
Type M2V is a ts-HP, 1 m-Volt, 60-cycle,

NEW PORTABLE METER MADE
BY WESTINGHOUSE

fact, with a 15-inch disc the motor may run up
to within 50 to 75 revolutions of synchronous
speed which is 1800 RPM. In order to reduce
this speed to what is required it is only necessary
to place a series resistance in the circuit with a
means of short circuiting about 1 5% of the total
resistance in the form of a key. For example, for
a disc 15 inches in diameter, \ inch thick with a
required speed of 1080 RPM there is required a
fixed resistance of 160 ohms with a key shunting
around 25 to 30 ohms.
"There is a means of obtaining somewhat
more stable operation, which is to load the motor
in some way (a flat disc is practically a frictionless load), as for example, by a fan. If we place
six small blades, 1 by 2 inches on the side of the
scanning disc, we will have accomplished the
result we are looking for; namely, a slight load
on the motor, enabling the operator to hold the
speed Xof
the disc more nearly constant. The mo73 requires
tor now
only a 30-ohm fixed resistance
with approximately 5 ohms short circuited with
a key, assuming a 15-inch diameter disc is used
and a speed of 1080 RPM is desired."
High Grade A.C. Meters
Device: Portable Alternating-Current Instruments for Laboratory Use. The Westinghouse Company have recently developed a new
line of portable alternating-current instruments
for laboratory use. These instruments are operated on the electric-dynamometer principle, containing two stationary coils and a moving coil.
The unit shown on this page is a single-phase
wattmeter. The unit illustrated has a case
made of wood. However, they are now being
manufactured with cases of built-up sheet micarta. This construction of case is novel and
gives the units a great many advantages which
wooden cases do not possess. The finish on the
micarta case is that of burl walnut and is very
hard, not easily scratched or marred like the
finish on the wooden case instruments. The dials
of the instruments are metal under which is a
mirror so as to prevent parallax reading of the
knife-edge pointer. The scale is 5§" long with
quite uniform markings throughout. Although
the design of these instruments is primarily for
alternating current use they can be used on direct current and are just as accurate as on alternating current when the average of the direct
and reverse readings are taken. The instrument
element has an iron shield around it so as to
make it immune from external stray magnetic
fields. The accuracy of the instrument is f of 1
per cent., of full scale deflection. The terminals
supplied on the instruments are non-removable,
engraved with the scale value and have large
contact surface.
Ammeters are made in double-scale ranges
from § to 30 amperes in capacities multiple of 2.
The voltmeters are also made in double ranges of
multiples of 2 capacities, from 3 volts to 600
volts. The double range 0-3 and 0-6 volts or 0-7^
and 0-15 volts are particularly desirable for measuring the filament voltages of the radio tubes in
laboratory testing. The instruments are also provided in single-phase wattmeters with voltages
as low as 30 volts up to 600 volts and currents
from \ ampere up to 30 amperes.
Manufacturer:
Electric and Manufacturing Westinghouse
Company.
Application: The usefulness of such instruments
in any electrical laboratory is obvious. The
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I ranges being manufactured cover all values of
current, voltage, and wattage ordinarily dealt
; with in radio work.
An Adjustable Resistor Network for
B- Power Units
X74
Device: Truvolt Divider. A compact unit consisting of a network of resistances mounted in a
small nicely finished container and designed
for use in conjunction with all types of B-power
units delivering voltages not in excess of 220. It
permits one to obtain readily output voltages of
various values between o and 180 and to also
obtain two values of C voltage. It can be used
with any type of rectifier or filter circuit.
Manufacturer: Electrad, Inc. Price: $12.50.
Application: The problem of obtaining from the
output of a B-power unit the correct voltage for
application to any given receiver is a serious one.
Fixed resistances across the output of a B-power
unit have the disadvantage that the voltage
which will be delivered from the various taps
varies considerably according to the amount of
current drawn from these taps. The use of variable resistances for each tap has the disadvantage
that the range of voltage which can be delivered
from each resistance is very wide and therefore
rather difficult to adjust accurately. A compromise between these two is probably the best.
We therefore make use in the Truvolt Divider of
the combination of fixed and variable resistances
so that the voltage from each tap is approximately fixed but can be varied over a range sufficiently wide to adapt the unit to practically any
receiver. This might be called a universal divider
since it can be used interchangeably with any
receiver and any power unit and can be adjusted
to supply the correct voltages to the set. The
unit will find application not only in the construction ofnew power units but in conjunction
with old power units which perhaps deliver incorrect voltages or have not sufficient voltage
taps. Also by using the Truvolt Divider we can
obtain from a power unit that ordinarily delivers only B voltages two values of C voltages as
well as the B voltages.
The Truvolt Divider is designed to supply four
B voltages and two C voltages. The voltage obtained from the Bi tap is the maximum voltage
from the B-power unit. Tap B2 supplies an
average voltage of 135 but this voltage can be
adjusted to any value between 1 10 and 160 volts.
Tap B3 supplies an average of 90 volts which can
be adjusted between the limits of 65 and 110

FIG. 2.
Method of connecting Truvolt divider in
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volts. Tap B4 is the 45-voIt tap
capable of supplying a range of
voltages from 20 to 55. Tap B5 is
the negative B. Tap C6 is the low
voltage C terminal and it will
supply a grid bias from minus 1 to
minus 20 volts. For higher C
biases tap C7 is used. It supplies
voltages from minus 20 to minus
40. The connection of this device
to a typical B power unit is indicated in Fig. 2.
Because the resistances used in
this divider are of a type which
can be accurately calibrated it is
possible by the use of either tables
or curves to adjust the various
controls to give the proper voltages without the use of a voltmeter. If a voltmeter is available,
it of course affords a simple, rapid,
and certain method of adjusting
the unit. The voltmeter is shunted
between that particular tap which
is being adjusted and the negative
B and the control varied until the
correct voltage is supplied. This
RADIO TEST SET MADE BY SUPREME
test is, of course, made with the
receiver connected to the unit.
INSTRUMENT CORP.
Many experimenters desiring
to use this device will proband high-resistance joints in any parts of the
ably not have available a high-resistance
voltmeter; for them it would be helpful to circuit.
The instrument contains a complete set of
have the booklet supplied with the divider,
which describes in detail how to adjust the re- tools with space for spare tubes. The supplies
include a rachet screw driver, soldering iron,
sistors for any given receiver. This booklet,
which is called the Truvolt Divider Manual, is hook-up wire, various adapters, test leads, etc.
The instruments in the tester are: a doublenot only very helpful in adjusting this device,
but also contains a great deal of excellent in- range milliammeter, 0-50 and 0-100; a tripleformation inconnection with the output circuits range voltmeter, 0-10, 0-50, and 0-250, and a
triple-range a.c. voltmeter, 0-3, 0-18 and 0-150.
of a B-power unit.
The photograph illustrates the Model iooa
X 75
instrument priced at $108.50.
Useful Tester for Radio Sets
Manufacturer: Supreme Instrument Corporation.
Application: Indicated above. It should prove
Device: Set Tester. This tester is designed to invaluable to service men.
aid in servicing all types of a.c- and d.c. -operated
receivers. The following paragraphs indicate
Hook-up Wire for Various Uses
some of the tests which may be made.
X76
In balancing the various tuning condensers in
a single-control receiver the tester is very useful.
Device: Celatsite Hook-up Wire. The followThis test is made by placing a tube in one of the
ing kinds can be obtained.
sockets of the tester and inserting a plug into
1. Celatsite Flexible Wire. A flexible hook-up
the power-tube socket of the receiver, thus con- wire consisting of tinned stranded copper wire
verting the tester into an oscillator. When these covered with a non-inflammable insulation.
connections are made, and the set is turned on, Available in the following colors and wire sizes.
it will be found that
the milliammeter in the
No. 22 — $ .70 per 25-ft.
tester will jump as the
No. 20 — .75 "
set is tuned to resonance
with the oscillations
No. 18— .80 "
" " Red, Green, Brown,
produced by the tester.
1. 00 Yellow,
Colors:
No. 16 — Black,
Each individual tuning
"
1. 00 "Maroon.
14 — White,
Slate,
No. Blue,
condenser is then ad2. Celatsite twisted wire for a.c. filament
justed to resonance, as
circuits. One strand of Red and one strand of
indicated by the movement of the meter.
Black No. 18 Flexible Celatsite twisted together.
The two colors are used so that, if desired, the
The tester will measure the normal emis- same sides of all filaments can be maintained at
the same relative potential. Packed in 25 ft.
sion, and the emission
when oscillating, of all coils. List price: $1.75 per carton.
3. Solid Celatsite wire. Bus-bar made of
types tionofit will
tubes.
In addiindicate
the tinned No. 14 copper wire and covered with a
non-inflammable insulation. Strips easily for
plate voltage, grid volt- soldering.
Available in same colors as the flexible
age, and filament voltage of each tube of a wire. Price; $.09 per 30-inch length.
Manufacturer: Acme Wire Company.
-40 V.
set, both underload condition and with no load. Application: The above material has been used
in the Laboratory for some time in constructing
Another important
receivers and power units and has been quite
application
is theshort,
detec- satisfactory.
tion of open,
a B-power unit

Manufacturers*

Booklets

A Varied List of Books Pertaining to Radio and Allied
Subjects Obtainable Free With the Accompanying Coupon
may obtain any of the booklets listed below by ur
R EADERS
ing the coupon printed on this page. Order by number only.
I. Filament Control — Problems of filament supply,
voltagevisedregulation,
and effect on various circuits. 1928 reCompany. booklet, with circuit diagrams of popular kits. Radiall
5. Carborundum in Radio — A book giving pertinent
data on the crystal as used for detection, with hook-ups, and
aCarborundum
section givingCompany.
information on the use of resistors. The
12. Distortion and What Causes It— Hook-ups of
resistance-coupled
Bradley Company.amplifiers with standard circuits. Allen15. tionsB-Eliminator
Power using
Amplifier
— Instrucfor Radio
assemblyCompany.
andandoperation
Raytheon
tube.
General
15a.tions forB-Eliminator
and
Power
Amplifier
—
Instrucand operation using an R. C. A. rectifier.
General assembly
Radio Company.
1
7.
Bakelite
—
A description
uses ofBakelite
bakelite
in radio, its manufacture,
and ofitsvarious
properties.
Corporation
22. A Primer of Electricity — Fundamentals of
electricity
reference
to the application
of dry
cells to radiowithand special
other uses.
Constructional
data on buzzers,
automatic
switches,
alarms,
etc.
National
Carbon
Company.
23. Automatic Relay Connections — A data sheet
showingcuits.howYaxleya Manufacturing
relay may be usedCompany.
to control A and B cir30. staTube
Characteristics
—
A
sheet giving connts of tubes. C. E. ManufacturingdataCompany.
32. Meters for Radio — A catalogue of meters used in
radio, with diagrams. Burton-Rogers Company.
33. Switchboard
and PortableandMeters
A booklet
giving
dimensions, specifications,
shunts— used
with
various meters. Burton-Rogers Company.
37.vice onWhy
Radio
is
Better
with
Battery
Power
—
what dry cell battery to use: their applicationAd-to
radio, with wiring diagrams. National Carbon Company.
46. Audio-Frequency Chokes — A pamphlet showing
positions
in the circuit
whereCompany.
audio-frequency chokes may
be used. Samson
Electric
47. Radio-Frequency Chokes — Circuit diagrams illustrating thdefinite
e use of chokes
to keep Electric
out radio-frequency
currents from
points. Samson
Company.
48. Transformer and Impedance Data— Tables giving the mechanical and electrical characteristics of transimpedances,
together Electric
with a short
description of
their useformersinand the
circuit. Samson
Company.
53. Tube
Information
care beof
vacuum
tubes, Reactivator
with notes on— how
and when ontheytheshould
reactivated. The Sterling Manufacturing Company.
56. Variable Condensers — A bulletin giving an
analysisistics.
of various
condensers
together with their characterGeneral Radio
Company.
57. Filter Data — Facts about the filtering of direct
current
supplied byElectric
means ofSpecialty
motor-generator
with transmitters.
Company.outfits used
58.
How
to
Select
a
Receiver
—
booklet describing what a radio set is, and Awhatcommon-sense
you should
expect from it, in language that anyone can understand.
Day-Fan Electric Company.
Radio —weather
A veryandinteresting
booklet
on 67.
the Weather
relationshipforbetween
radio reception,
with
maps
and
data
on
forecasting
the
probable
results.
Taylor Instrument Companies.
69.tics of the
Vacuum
Tubes
—
A
booklet
giving
the
characterisvarious tube types with a short description of
where they may be used in the circuit; list of American and
Canadian broadcast stations. Radio Corporation of
America.
72. Plate Supply Systems. Technical information on
audio and power systems. Bulletins dealing with two-stage
transformer amplifier systems, two-stage push-pull, threestage push-pull, parallel push-pull, and other audio amplifier, plate,formerandCompany.
filament supply systems. American Trans73. Radio Simplified — A non-technical booklet giving
pertinent data on various radio subjects. Of especial interest to the beginner and set owner. Crosley Radio Corporation.
76. used
Radioin radio
Instruments
— A description
of various
meters
and electrical
circuits together
with a
short discussion
ment Company. of their uses. Jewell Electrical InstruTroubles
— A pamphlet
describingwork
the
use78.of Electrical
electrical testing
instruments
in automotive
combined
with
a
description
of
the
cadmium
test
for
storage batteries. Of interest to the owner of storage batteries.
Burton Rogers Company.
81. Better
— A ofbooklet
muchwithgeneral
information on theTuning
subject
radio giving
reception
specific
illustrations. Primarily for the non-technical home constructor. Bremer-Tully Manufacturing Company.
84. Five-Tube Equamatic — Panel layout, circuit diagrams, and instructions for building a five-tube receiver, together with data
on thedesign.
operation
tuned radio-frequency
transformers
of special
Karasof Electric
Company.
88.
Super-Heterodyne
Construction
giving full instructions, together with a blue print— Aandbooklet
necessary
data,
for
building
an
eight-tube
receivei.
The
George
W.
Walker Company.

89. Short-Wave Transmitting Equipment. Data and
wiring diagrams on construction of all popular short-wave
transmitters,formation aoperating
instructions,
keying,apparatus;
antennas;data
innd wiring diagrams
on receiving
on
variety
of
apparatus
used
in
high-frequency
work.
Radio Engineering Laboratories.
90. Impedance Amplification — The theory and practice of a special type of dual-impedance audio amplification
are given. Alden Manufacturing Company.
92.
A. C. Operated
—A
booklet Resistors
giving circuitforsuggestions
for buildingReceivers
a.c. operated
receivers,
together
with
a
diagram
of
the
circuit
used
with
pany.new 400-milliampere rectifier tube. Carter Radio Comthe
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|I Sheets"
ment, Doubleday,
Doran to& theCo.,Circulation
Inc. See page
for further details. Price $1.00
— Successive
the95.use Resistance
of resistors Data
in various
parts ofbulletins
the radioregarding
circuit.
International Resistance Company.
Shieldingin —radio
A booklet
giving
on 98.
the Copper
use of shielding
receivers,
withinformation
notes and
diagrams showing how it may be applied practically. Of
special interest to the home constructor. The Copper and
Brass Research Association.
99. Radio
ConvenienceforOutlets
givingin
diagrams
and specifications
installing— Aloudfolder
speakers
various locations at some distance from the receiving set,
also antenna ground and battery connections. Yaxley
Manufacturing Company.
101. Using Chokes— A folder with circuit diagrams of
the more popular circuits showing where choke coils may
be placed to produce better results. Samson Electric
Company.
102. Radio Power Bulletins — Circuit diagrams,
theory constants, and trouble-shooting hints for units employing facturing
the BH Company.
or B rectifier tubes. Raytheon Manu104.
Oscillation
Control
with the " inPhasatrol"
Circuit diagrams, details
for connection
circuit, and—
specific
operating
suggestions
for
using
the
"Phasatrol"
asIncorporated.
a balancing device to control oscillation. Electrad,
105. Receiving and Transmitting Circuits. Construction booklet with data on 2; receivers and transmitters
togethercuits.with
discussionCompany.
of low losses in receiv r tuning cirAero Products
In sending
belo*w,
sure thatwritten.
your name
and
address thearecoupon
included
and make
are plainly
Also
make sure that the listing of booklets from which you
choose is that of the latest issue of the magazine, as Radio
Broadcast cannot guarantee the delivery of booklets not
listed in its current issue.
a ™™»»™ ' »< 1,111 »» '>""»» 1 • » 1 ■" 1111 «"" mmm
USE THIS BOOKLET COUPON
Radio Broadcast Service Department
Radio Broadcast, Garden City, N. Y.
Please
send byme numbers
(at no expense)
the following
booklets indicated
in the published
list above;

Name
(Number) (Street)
Address
(City)
(State)
ORDER BY NUMBER ONLY
This coupon must accompany every request. R B 1 1-28
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Tubesand— Operating
characteristics
of an
a.c.108.
tube Vacuum
with curves
circuit diagram
for connection
in converting various receivers to a.c. operation with a
four-prong a.c. tube. Arcturus Radio Company.
1 12. Heavy-Duty Resistors — Circuit calculations and
data on receiving and transmitting resistances for a variety
of uses, sistdiagrams
for popular power supply circuits, d.c. reCompany.ors for battery charging use. Ward Leonard Electric
1 13. Cone
Loud Speakers —andTechnical
practicaltype
information on electro-dynamic
permanentand magnet
cone loud speakers. The Magnavox Company.
114. Tube
Adapters
— Concise various
information
simplified
methods
of including
powerconcerning
tubes in
existing receivers. Alden Manufacturing Company.
What Setof Shall
Build? —receivers
Descriptive
with1 1 5.
illustrations,
fourteen I popular
for thematter,
home
constructor. Herbert H. Frost, Incorporated.
118.
Radioon the
Instruments.
Circular
"J" — A for
descriptive manual
use of measuring
instruments
every
radio circuit requirement. A complete listing of models for
transmitters,
receivers,
set
servicing,
and
power
unit
trol. Weston Electrical Instrument Corporation. con120. The Research Worker — A monthly bulletin of
interesttains tospecialthearticles
engineer
and home
Each issue with
conon radio
designbuilder.
and construction
special
on resistors and condensers. Aerovox ,
Wirelessemphasis
Corporation.
121. Filterand Condensers
Some practical
points on the
manufacture
use of filter —condensers.
The difference
between inductive and non-inductive condensers. Polymet
Mfg. Corp.
123.tics, andB list
Supply
Devices
— Circuit diagrams,
characterisof parts
for nationally
known power
supply
units. Electrad, Inc.
124. several
Power circuit
Amplifier
and B Supply
— A booklet
giving
arrangements
and constructional
information and a combined B supply and push-pull audio
amplifier, the latter using 210 type tubes. Thordarson
Electric Mfg. Co.
125. describing
A. C. Tube
Operation
— A small
complete
booklet
a method
of filament
supply but
for a.c.
tubes.
Thordarson Electric Mfg. Co.
1 26. Micrometric Resistance — How to use resistances
for: Sensitivity control; oscillation control; volume control;
regeneration control; tone control; detector plate voltage
control: resistance and impedance coupling: loud speaker
control, etc. Clarcstat Mfg. Co.
129. Tone
— Some
hook-ups, and
with chokes.
an explanation of the
propermodel
use audio
of transformers
Sangamo Electric Co.
130. Screen-Grid Audio Amplification — Diagrams
and constructional details for remodeling old audio amplifiers for operation with screen-grid tubes. Thordarson
Electric Mfg. Co.
131.
An illustrated
booklet givingThe
the Mershon
theory and Condenser
uses of the —electrolytic
condenser.
Amrad Corporation.
132. The National Screen-Grid Short-Wave Receiver— Constructional and operating data, with diagrams
and photographs. James Millen.
133.gram The
National Shield-Grid
— A on
circuit
with constructional
and operatingFivenotes
this diareceiver. James Millen.
Remler Service
Bulletins
A regular servicedata,
for
the1 34.
professional
set builder,
giving — constructional
and hints on marketing. Gray & Danielson Mfg. Co.
135.vanceTheinformation,
Radiobuilder—
A periodic
bulletin giving
constructional
and operating
data adon
S-M products. Silver-Marshall, Inc.
136.cover
Silver
Marshallof construction
Data Sheetsand— operation
These dataon
sheets
all problems
Silver-Marshall products. Silver-Marshall, Inc.
139. unit
Power
Unit Design
data Raytheon
sheets on
power
problems,
design, —andPeriodical
construction.
Mfg.140.Co.Power Unit Problems — Resistance problems in
power units, with informative tables and circuit diagrams.
Electrad, Inc.
141. Audio and Power Units — Illustrated descriptions
of power amplifiers and power supplies, with circuit diagrams. Thordarson Electric Mfg. Co.
142.plete Use
Controls.
A combooklet ofwithVolume
data on and
usefulVoltage
apparatus
and circuits
for
application in receiving, power, amateur transmitter, and
phonograph pick-up circuits. Central Radio Laboratories.
143. Radio Theory. Simplified explanation of radio
phenomena
especial
tube,
with
data on with
various
tubes.reference
De Forestto the
Radiovacuum
Company.
144. A.C. Detector Tube. Data on characteristics and
operation of 2.5-volt a.c. detector tubes. Arcturus Radio
Company.
145. Audio Units. Circuits and data on transformers
and impedances for use in audio-amplifier circuits, plate and
output namic
impedances
and special
apparatus
for use with dyspeakers. Sangamo
Electric
Company.
146. Receiver
Circuit
Data.
Circuits
for using re-of
sistances inreceivers, and in power units with descriptions
other apparatus. H. H. Frost, Inc.
147. Super-Heterodyne Construction. Construction
and operation of a nine-tube screen-grid super-heterodyne.
Set Builders' Supply Company.
148.
and operation dataShort-Wave
on a four-tubeReceiver.
short-waveConstructional
receiver. Karas
Electric Company.
149. Five-Tube Screen-Grid Receiver. Blueprint
with full constructional details for building a broadcast receiver using two screen-grid tubes. Karas Electric Company.
1 so. Five-Tube A.C. Receiver. Blueprint for constructing five-tube
a
a.c. receiver employing the "equamatic
system." Karas Electric Company.
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guard at the door of tone,
STANDING
Thordarson audio and power transformers do their part in making real musical instruments ofhundreds of thousands of radio
receivers annually.
Leading receiver manufacturers are well
aware of the important relationship between
the choice of transformers and the musical
characteristics of their instruments. No wonder, then, that the majority of manufacturers
of quality radio receivers have turned to
Thordarson as the logical transformer source.
When buying your receiver, insist on
Thordarson amplification and power supply.
The set manufacturer who uses Thordarson
transformers can be depended upon to have
the balance of his receiver in keeping with
this high standard of performance.
Custom set builders will find Thordarson
transformers to meet every radio need
at their nearest parts dealer.

MMDARSON
TRANSFORMERS
3685
SUPREME

IN

MUSICAL

PERFORMANCE-
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Here's
the
Answer
to every question about the
principles, methods, or
apparatus of radio transmitting and receiving.
THE
RADIO
MANUAL
A Complete Course in
Radio Operation
In a Single Volume
A Handbook for
Students
Amateurs
Operators
Inspectors
For the first time an
entire course of trainbook — and
the
mosting in one
complete
up-to-date work on
radio. Developed
simply and clearly
from the elementary
stage right through
all phases of principles, practise, and apparatus so that a beginner
no knowledge withof electricity
get all he needs either for
amateur operation or to qualify
for tora orgovernment
inspector. license as operaPrepared by Official
Examining Officer
The author, ©. E. Sterling, is Radio Inspector
and Examining Officer, Radio Division, U. S. Dept.
of Commerce. The book has been edited in detail by
Robert S. Kruse for five years Technical Editor
of QST., the Magazine of the Radio Relay League.
Many other experts assisted them.

16 Chapters Cover: SnSSSfSS
tors and Generators; Storage Batteries and Charging
Circuits; The Vacuum Tube; Circuits Employed in
Vacuum Tube Transmitters; Modulating Systems;
Wavemeters; Piezo-Electric Oscillators; Wave Traps;
Marine Vacuum Tube Transmitters; Radio Broadcasting Equipment; Arc Transmitters; Spark Transmitters;
CommerciaJ Radio Receivers; Radio Beacons and Direction Finders; Radio Laws and Regulations; Handling and Abstracting Traffic.
F« fAnn/iii'An
nevera compiete
before available
such
mew informat
ion as
description
of the Western
Electric
5
Kilowatt
Broadcasting
Transmitter; description and circuit diagram of Western
Electric Superheterodyne Radio Receiving Outfit type
6004-C;
Spark Transmitter;
etc., etc. Navy
EveryStandard
detail up2-Kilowatt
to the minute.
Last

Chance
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SHEETS
THE aim of the Radio Broadcast Laboratory Information Sheets is to present, in a
convenient form, concise and accurate information in the field of radio and closely
allied sciences. It is not the purpose of the Sheets to include only new information, but to
present practical data, whether new or old, that may be of value to the experimenter, set
builder or service man. In order to make the Sheets easier to refer to, they are arranged so
that they may be cut from the magazine and preserved, either in a blank book or on 4"
x 6" filing cards. The cards should be arranged in numerical order.
Since they began, in June, 1926, the popularity of the Information Sheets has increased
so greatly that it has been decided to reprint the first one hundred and ninety of them
(June, 1926-May, 1928) in a single substantially bound volume. This volume, "Radio
Broadcast's Data Sheets" may now be bought on the newsstands, or from the Circulation
Department, Doubleday, Doran & Company, Inc., Garden City, New York, for $1.00.
Inside each volume is a credit coupon which is worth $1.00 toward the subscription price
of this magazine. In other words, a year's subscription to Radio Broadcast, accompanied
by this $1.00 credit coupon, gives you Radio Broadcast for one year for $3.00, instead of
— The Editor.
the usual subscription price of $4.00.
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Balancing Radio Receivers
rent of the detector tube will decrease if the former
arrangement is used and increase with a C-battery
detector circuit, the amount of the increase or decrease being proportional to the strength of the signal— the stronger
the signal
change
in current.
Therefore,
when thethegreater
set is the
accurately
tuned and all of the condensers are perfectly aligned
the
meter —of
and deflection
therefore ofthetheoutput
the set — will be greatest.
lstA.F.
Balancing
comes amattertherefore
of tuning be-in
some station, preferably one
operating
a short
wave-by
length,onand then
adjusting
the various
condensers,

AN EASY METHOD
'"PHE
ina signal
the plate
currentreceived,
of the detector
^ tube,change
is being
may inbea
utilized
towhen
balance
the various
tuned circuits
single-control receiver. If the several tuned circuits
in a multi-stage r.f. amplifier are not properly
ganged, the
be insensitive andset
the will
selectivity
will be poor. It is essential,
therefore, that the various
stages
be accurately
How this
can be aligned.
done is
the subject
Laboratory Sheet.ofThethismethod
used is simple and is based
on the action of a detec 1
tor when a signal is being
received.
If a milliammeter with a
range
about 2 inmilliamperes isofconnected
series
with the B-plus lead to the
detector, as indicated in the
diagram, it will be found to
read about 1 mA. if the detector isof the grid leak and
condenser type and about
0.2 mA. if a C-battery type
detector is used. If a station
is tuned-in, the plate cur-

No. 234

B + Det.

Radio Broadcast Laboratory Information Sheet

whateverby themeans
are promanufacturer,
so thatvidedthe
greatest
change
is indicated on the meter in
the platetector.circuit
of thehave
deWhen circuits
been adjusted so that the
greatest current change is
obtained, the set is balanced.
It is best to make this adwith the set tuned
to a short justment
wavelength,
for it
is in this part of a receiver
range
that
the
greatest
lack
of balance is liable to occur.

November, 1928

The Audio Transformer

for

Special Low
Price
"The
Radio
Manual"
will
be
ready
in a few
Over 900 pages. Profusely illustrated.
Bounddays.in
Flexible Fabrikoid. Regular price after publication
will be $6.00. Orders received now will be accepted
at thepricespecial
pricebook
of $4.05
— an amazingly
low
for theadvance
best Radio
available.
Send for
.free examination. Pay or return in ten days.
Order on This Coupon \
D. Van Nostrand Co., Inc.
8 Warren St., New York
Send me THE RADIO MANUAL for examination. Within ten days after receipt I will
either return
volume or send you $4-95 — the
special
advancetheprice..
(Radio Broadcast 11-28)
Name
St. & No
City and State

operation at high audio frequencies
TN LABORATORY Sheet No. 227, in the October
number, we studied the characteristics of audio
transformers and pointed out that the lowest
frequency response depends upon the ratio of the
reactance of the transformer to the plate resistance
of the tube.
we will weconsider
the high here
frequencies. ForHere
convenience
have reprinted
the diagram from Sheet No. 227.
At high frequencies the reactance of L is very
large in comparison with C, and it may therefore be
neglected.
Essentially,
La andC come
C wein then have a circuit conseries. Assisting of Rp,
Li and
into resonance,
the impedance of the circuit
will
decrease and more current
will flow, thereby tending
to increase the voltage
across C, which is the
voltage applied to the grid
of theever, thenext
voltagetube.
acrossHow-C,
for a given current, is inversly proportional to the
frequency, and this will

tend to lower
the transformers,
voltage acrosshowever,
it at high
quencies. In some
therefre-is
a marked peak at about 6000 cycles, corresponding
to the resonant frequency of La and C in series, the
output falling off rapidly beyond the point.
If this upper resonant peak is very pronounced
the gain of the entire amplifier will increase greatly
at thislate.point,
tending
to make
amplifiers
design
requires
that the
the peak
be keptoscil-as
small as Goodpossible.
At frequencies higher than that at which La and
C resonate, the reactance of La continues to increase, and the reactance of C fore,
to thedecrease;
therevoltage across
Ctransformer
rapidly falls.
If some
curves
are
examined,quentlyit
will
frebe foundrapidly
that
the curve drops
beyondpoint.the upper reso>nant
The problem of design
is to adjust the leakage
inductance.
La, andC, theso
effective capacity,
as to give satisfactory
high-frequency response.
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HFL»Uf

the
Receiver

The

Model

SCREENED
GRID . . .
THE HFL Isotone is unquestionably the most
* sensitive receiver that the world has ever
seen. It will absolutely out-distance all other
receivers regardless of price or type ofconst ruction. The amazing sensitivity of the HFL
screened grid amplifier remains unequalled. No
other commercial amplifier permits a gain of
65 per stage under actual operating conditions. The
HFL Isotone is the supreme radio achievement.
It's
has beenthe definitely
established In
radioposition
laboratories
country over.

10

HFL

With
Wonder

of the Century

Isotone

CUSTOM
BUILT . . . RADIO PHONOGRAPH
allysionscorrects
the flaws records.
In broadcast transmisoscillating point. The HFL Isotone will actuand phonograph
ally select an S kilo cycle band when the amplif
i
e
r
i
s
worked'at
maximum.
Dual
detection
(an
exclusive HFL development) allows reception
45 Minute Construction
of the weakest signals and still permits the TheHFL
unit method of construction is the
undistorted handling of powerful locals.
sensation of the 1929 radio season. Every item
necessary to build a perfect Isotone comes in a
A.C. or D.C. Operation
factory sealed carton. Each of the three main
units is wired and laboratory tested at the
Through the use of an ingenious system of fila- factory.
Only ten wires are connected by the
ment control, the HFL Isotone operates per- set builder.
An exact, progressive method of
fectly with batteries or the special HFL — A. C. assembly eliminates
every chance of error.
power supply. The same tremendous reserve
2000—3000 Mile Range
power
is
available
with
batteries.
The
same
"We
stand
ready
prove, can
at any
time, conthat
So sensitive is theHFL Isotone that stations crystal clear tones are developed with A. C. a standard HFL toIsotone
be fully
over 2000 miles away have to be turned down. Only 130 mils, of plate current are required by
structed in less than forty-five minutes.
Tremendous volume is obtained from sta- the entire receiver including the two power tubes.
Absolute Guarantee
tions all over the North American continent. The HFL Isotone will receive any
We guarantee,
absolutely,
a standPhonograph or Radio
station in the world that is putting
HFL Isotone
receiverthatoperating
enough signal voltage Into the antenna A special method of switching and ballasting under ardfavorable
will receive
to actuate the first tube in the receiver. allows an instant choice of phonograph or over a distance conditions
of not less than 1500
radio music by simply throwing the master miles. We guarantee every HFL unit
. One Spot Tuning
control switch on the front panel. Both kinds to be mechanically and electrically
are so amazingly realistic that no huAny unit believed defective
^ The 450 kilo
screened one
grid spot
am- of music
man ear can discern the difference between an perfect.
will be immediately replaced
plifiercyle
allows absolute
Setwrite
Builders
for
tuning. Extreme selectivity is original selection and an H F L reproduction. atnoextracha rge. We reserve
gained by hand tuning each An automatic ballasting shunt — another exclu- the right to select a location
transformer with a small varsive H F L feature— prevents audio tube over- itandwillprooereceive
by demonstration
that
over 1500 milesloading when the six radio frequency tubes are
iable condenser. An entirely new method of control disconnected during phonograph operation.
special data
permits the tubes to be The three stage, push pull audio amplifier is a marvel of electrical design
operated
in
their
most
sensitive condition Not only does it faithfully reproduce
— just below the every musical frequency, but it actuSEND
THIS NOW!
HIGH
FREQUENCY
LABORATORIES
Office
3
—
28
N.
Sheldon
St., Chicago, 111.
HIGH
FREQUENCY
Gentlemen:
diagrams
LABORATORIES
Without obligation please send your new ISOTONE
booklet.
28 North Sheldon Street
and
all
Chicago, Illinois
Name.
information
Address^
City
State
Please print plainly
Mail
this Coupon
Today
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BROWNING

No. 235

DESIGNED

The new A. C. Shield Grid
Browning-Drake assembly
is a combination of all the
most modern and advanced
ideas of receiver construction. The famous Kit has
been designed this summer
by Professor Browning for
assembly with shield grid
tubes, both A. C. and D. C.
For the first time this wellknown circuit has been reduced to single control,
while the tickler feedback
control is retained for the
exceptional sensitivity for
which it is noted.
Complete parts list at only
$59.50, the lowest list price
yet reached by a kit assembly of the highest quality.
Full constructional details
including full scale picture
wiring diagram may be obtained free on request.
We have some territory open
for exclusive distributors
and authorized dealers handling factory-built BrowningDrake receivers. Write for
our proposition on this line
which brings both profit
and prestige.
BROWNING - DRAKE CORP.
Cambridge, Mass.

BROWNING-DRAKE
RADIO

ADVERTISER
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Television

-DRAKE

ASSEMBLY
EVER

BROADCAST

FREQUENCY BAND REQUIRED
TN TELEVISION transmission a problem which
must be given careful consideration is the width
of theted toband
of frequencies
which must
transmitreproduce
at the receiver
end,be with
good
quality,
the
scene
being
scanned
by
the
television
transmitter.
Theoretically,
a television
ponents of all frequencies
fromsignal
zero contains
to infinity.com-In
practice stricthe
frequency
much more reted and depends
upon band
variousis factors.
The width of the band of frequencies which must
be transmitted is a funcNo. of
tion of the number of elements scanned per second
No. of
at the transmitter. For
lines
example, if the number of
lines into which the pic— which ofis
25
equal turetois broken
the number
10
50
holes in the scanning disc
75
— is 50, then the number
12,000
3,100
of elements into which the
28,000
50,000
picture will be broken will
100

No. 236

be 50 times 50, or 2500. If we transmit 20 pictures
per second,
the totalwillnumber
of elements
transmitted per second
be 50,000.
The highest
frequency which must be transmitted, to get good
quality, can be taken as equal to half this figure,
or 25,000 cycles. The table given herewith shows
how the value of the highest frequency which should
be transmitted varies with the number of scanning
lines and the number of pictures per second. For
example, a 50-line picture sent 15 times per second
requires up to 19,000 cycles.
A station transmitting within a broadcast band
is limited to 5000-cycle modulation. Therefore, any
broadcast station transmitting
prousingtelevision
a number
of linesgrams andand
number
of
pictures per second
pictures
per second
such
15
20
that
requires
a frequency
band greater than 5000
6,000
cycles
late must
above theeither
legalmodulimit
25,000
4,700
19,000
or suppress
in the ampli42,000
fiers
the
frequencies
above
100,000
56,000
75,000
5000 cycles.
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Moving-Coil Loud Speakers
THEIR OPERATION
tisements of"dynamic"
loud electromagnetic
speakers which consisted mainly
of an ordinary
unit
coupled to a cone. This term used to describe such
npHE
important
characteristic
of
the
dynamic
or,
loud
speakers
is
probably
misleading
to
some
almore isproperly
named,
loud
though technically it is not incorrect.
speaker
the fact that
it has moving-coil
a coil fastenedtype
directly
to the cone, which is caused to move back and forth
in an air gap in a magnetic circuit, the movements
being in accordance with the frequencies flowing
through the coil.
The moving coil is mounted at the apex of the
cone, as indicated in the diagram, and connects to
the secondary of the transformer, T, the primary of
which connects to the plate of the power tube. The
moving coil of a well-designed unit has a fairly
constant impedance over the entire range of audio
frequencies and the transformer, T, is designed to
"match" pedanthe
the power
output tube
imce of thecoil's
tube.impedance
So long asto the
works into an impedance about equal to or somewhat greater power
than twice
the tube's
impedance,
satisfactory
transfer
from plate
the tube
to the
moving coil will be obtained. The instructions
covering the use of one of these loud speakers should
indicate what tubes or combination of tubes are
recommended for use with the unit.
The term
"dynamicof aloud
is not awhose
very
accurate
description
type speaker"
of loud speaker
distinguishing feature is that it has a moving coil.
The
wordof the
"dynamic"
definedandasof"mechanics
treating
motion ofisbodies
the action
ofSinceforces
in producing
all loud
speakers or
movechanging
they cantheir
all motion."
be called
"dynamic." We have seen descriptions and adverRadio Broadcast Laboratory Information Sheet November, 1928
Power Output
how it depends upon impedance ratios
under
such
theSheet
tube'sNo.characteristic
curved
(see conditions
Laboratory
124) and thisis
curved characteristic
introduces
distortion.
TT mentally
HAS beenthatproved
mathematically
and
experiIn cases where the element of the loud speaker
a tube delivers the maximum
amount of undistorted power when it works into a has a low impedance, for example, it is necessary
to use a transformer between the tube and the loud
load resistance equal to twice the plate resistance
of the tube; maximum power output, however,
speaker to compensate the differences in impedance.
is obtained when the load resistance equals the A moving-coil type, i.e., dynamic loud speaker,
might
have an impedance of, say, 20 ohms at some
tube's plate
resistance.
curve
on thisin sheet
indicates relatively
in TUofThe
how
the power
theto load
frequencies,
if itrequires
is to be used
a 2000-ohmof
varies with
the ratio
the load
resistance
the tube
(171a) and
which
a loadwithimpedance
4000 ohms to get maximum undistorted power,
tube's platepedance).resistance
(sometimes
called
plate
imThe X on the curve indicates where a
coupling transformer would have an imtube is normally operated, the load resistance at the then the pedance
4000 ratio
dividedof bythe 20,square
or 200,rootcor-cf
point being twice the tube resistance.
rratio
esponding toofa turns
We frequently see statements to the effect that 200, or 14.
the loud speaker we use must
be matched to the tube to get
the largest
amount
torted power
into oftheundisloud
speaker. Such is the case, but the
curve indicates that there can be
considerable mismatching without serious loss of power. For exeven when
resistancample,
e isabout
five the
timesloadgreater
than the tube's resistance, there
is only hardly
a 2 tu loss
a loss whichto
would
be —noticeable
the ear.
It is unwise, however, to work
LOAD RESISTANCE
a tube into a load resistance less
3
4
than its own resistance, because
PLATE RESISTANCE OF TUBE
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Radio Broadcast Laboratory Information Sheet

November, 1928

I
The
Choice

of

A Hook-up for Short- Wave
Broadcast Receivers

the
Leaders

Junior

A METHOD FOR SWITCHING OVER
TT adapters
IS general
practice them
in constructing
short-wave
to arrange
with extension
leads so
that they may be plugged into the broadcast set in
the detector socket in place of the regular detector
tube. This practice is all right when one is building
an adapter that perhaps will not be used continually,
but when both the broadcast and the short-wave
tuners are going to be used frequently, it is better to
arrange the circuit as indicated in the diagram on
Sheet No. 239, which permits one to change from
broadcast to short waves by a simpler means than
taking out a tube and plugging in an adapter.
The diagram shows the detector of the broadcast
receiver and the detector of the short-wave receiver. They are both wired to the same A and B
voltages, and either set is thrown in or out of operation by simply turning the proper filament switch, Si
or &; Si turns on and off the broadcast receiver and
& similarly controls the short-wave set.

and

The two plates are permanently wired together,
and for dicated
thisshouldreason
arrangement
inonly betheused
when the we
two have
sets are
located close to each other (which is usually the
case) so that the plate lead running from one set
to the other is not more than 1 or 2 feet long.
Most of us have available only one antenna to
use with both sets. To use it with both receivers a
single-pole double-throw switch, S , can be placed
in the nectsantenna
one and
side thrown
it conthe antennacircuit;
to the thrown
broadcastto set,
theAnothereasier
way arrangement,
it connects the which
short-wave
receiver.
works well in
practically all cases ihow well it works depends upon
the characteristics of the two receivers) is indicated
by dotted lines. The antenna is connected directly
to the broadcast set and through a 50-mmfd. condenser,willC, toblock
the short-wave
This small
denser
the broadcastset. signals
from conthe
short-wave set but permit these latter currents to
pass quite readily.

Rheostat

When the leading manufacturers of the country choose the
Yaxley Junior Rheostat for
their finest radio sets you are
safe in following their good
judgment.

No. 239

Radio Broadcast Laboratory Information Sheet

November, 1928

Circuit for Short- Wave and Broadcast Reception
BROADCAST RECEIVER
mm

The Junior Rheostat is made
to the highest Yaxley standards
— a master instrument, with a
smooth movement and lots of
service stability. Diameter,
lj\ inches; mounts in single T\
inch panel hole.

B*Del

Junior Rheostats, with Bakelite Knob, up to 400 Ohms, 75c;
1,000, 2,000, 3,000 Ohms, $1.00.
Junior Potentiometers,
extra.

25c
SHORT-WAVE RECEIVER

Switches for Junior Rheostats,
Self-Contained and easily attached, 40c.
Resistance

No. 240

Radio Broadcast Laboratory Information Sheet

November, 1928

Units
Television

Absolutely dependable. Run true to
rating. Have convenient screw eye
and soldering lug for easy mounting
and wiring.
Space' wound, 1 to 60 Ohms . .
100 to 400 Ohms
Tapped resistances, 6 to 64 Ohms
100 to 400 Ohms
Grid resistances, 100 to 500 Ohms
600 to 3000 Ohms
....
Your radio dealer or Jobber
has them in stock

15c
25c
30c
40c
25c
35c

YAXLEY
MFG. CO.
Dept. B, 9 So. Clinton St.
Chicago, Illinois

data on the bell telephone laboratories
METHOD
THE demonstrations of television given by the
Bell Telephone Laboratories, associated with
the American Telephone and Telegraph Company,
rank higher, in our opinion, than any of the other
demonstrations so far given, in quality of the results.
In the following paragraphs are summarized some
of the most important elements of the apparatus
used by these Laboratories.
(a) The scanning discs contained 50 holes and
revolved at a speed of 1062.5 revolutions per minute, giving 17.7 pictures per second.
of the10 photo-electric
at 03)
the Thejoutput
transmitter voltage
was about
microvolts. cells
(c) The range of frequencies decided upon as
being essential for good quality extended from 10 to
20,000 cycles. Overall measurements on the final
amplifier indicated a frequency characteristic
constant
range. within plus or minus 2 tu over this
(d) The signals from the transmitter were ampli-

fied and delivered to the transmission line at a level
of 10 milliwatts.
electric cel to theThelineamplification
was 130 TU. from the photo(e) Synchronization was accomplished by the use
of synchronous motors containing 120 poles and
having a synchronous speed of 1062.5 r.p.m. The
angular phase displacement was above 0.07 degrees.sponds
This magnitude
of phase displacement
roughly
twist operated
in a corresteelat
shaft
6 feet
long toof 1theinchangular
in diameter,
full load.
(f) With
extraneous
currents due toregard
noise, toit the
was effect
foundofthat
satisfactory
results were obtained if the average picture currents
rents. 10 times greater than the average noise curwere
This corresponds to 20 tu, or a power ratio of
100. In ordinary sound broadcasting the noise in
the telephone lines is kept at a level 60 tu below 10
milliwatts, giving a power ratio of 1,000,000. It is
evident that it is permissible to have the noise
level
higher in television reception than in
sound much
reception.
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PRICED TO
GIVE YOU
UTMOST IN

DESIGNED
TO RENDER
UTMOST IN
SERVICE

VALUE

A

Complete

For
FROST VOLUME
CONTROL
Gives
complete,
steplesscontrol
and
wonderfully smooth
of
volume
and
oscillation.
Wearproof roller contact
arm, Bakelite case and dust
cover. $2.00 and $2.25.

Your

Line

That

Specific

Was

Built

Requirements

Frost-Radio offers you the finest and most complete line of radio parts available. This
great line was designed and built with the specific requirements of the set builder in
mind. Consequently, when you go to your dealer and order these parts you are sure of
obtaining the very finest on the market, built by engineers with many years of experience
in radio parts manufacture. Obviously, your receiver will give better, finer and much
more dependable results when you use these superior parts made by Frost-Radio.

FROST VOLUME
CONTROL
WITH
A. C. SWITCH
We equip
famous
Volume Controlourwith
approved
A.C. 2Snap
Switch
carry
50 volts
at 3 tested
amperes,to
so thatume control
both may
switchbe and
volhandled
by single knob. $2.75 and
$3.00.

FROST GEM VOLUME
CONTROL
Identical with our standard
size Volume Control units
except
units
are only in1% size.
in. inGem
diameter,
and % in. thick. Great
space savers. $2.25 and
$2.50. .

FORST VOLUME
CONTROL WITH
D. C. SWITCH
Equipped
sturdy
German silverwith
switch
mounted
on Bakelite panel, and with
switch points
fitted with
sterling
silver contacts,
this
Volume Control gives quick
operation,
positive-locking
off position and saves space.
For battery operated sets.
$2.25.

FROST GEM
RHEOSTATS
Made is tonotdeliver
service
that
usually a expected
from little rheostats like
these. Mighty good little
rheostats, taking up little
space orandwithsupplied
either
plain
D.C. switch.
Easy
to solder
Plain,
7 5c. With
switch,to.$1.00.

FROST BAKELITE
RHEOSTATS
Long the standard air cooled
Bakelite
Rheostat,
well
as the original
of thisas type.
Resistance wire is wound on
die cut Bakelite
over
moulded
Bakelitestripframe.
Wide choice of resistances.
$1.25 and $2.50.

FROST BAKELITE
RHEOSTATS WITH
D. C. SWITCH
FROST
HUM
BALANCER
Cleverly
silver D.C.mounted
battery German
switch
Simply
turn
the
is firmly
attached
to Bake- shaft with screwslotted
driverheadto
litestat,panelaffording
on back
quick ofonrheoand regulate. Smoothes the ripoff control
filament
ple out built.
of A.C.$1.00.current.
rent. 2 to 75of ohms.
$1.35.cur- Precision

FROST MOULDED
FROST ALL-BAKELITE CABLE PLUG
MICA CONDENSERS
FROST APPROVED
Terminals cannot work loose even when overheated. Color code moulded into Bakelite. Best
A.
C.
SWITCH
quality
cable,
with
colored
rubber insulation on wires. Has 5 ft. seven strand braid covCannot turebeor climate
affected byMoulded
moisFROST IENCE
CONVENOUTLETS
Single hole mount 110 volt evered cable. Plug and cord only, $2.25. Baseboard or sub-panel socket, 75c.
Bakelite
with
finest
mica
Snap Switch. Tested
Fit std. outlet box Brush dielectric. Easy to attach. A.C.
to 250 volts. 3 amps. Unbrass or Bakelite plates. 45c to 90c.
FROST PUSH-BACK HOOKUP WIRE
derwriters' approved. 75c.
$1.00 to $3.00.
Slide
back
the
braidbraid
for
FROST BY-PASS
soldering,
slip
back over then
soldered
joint.
CONDENSERS
No. 18 ered,
double cotton wire,
covMade from finest materials,
tinned. 50 ft.impregnated
roll, 80c.
thoroughly seasoned, vacuum
impregnated and hermeticFROST FIXED RESISTANCES
Accurate capacitiesallyandsealed.
conservative
Die cut
flexible
Bakelite tapped
10 00 ohms.
Also, as6 center
ratings.
1 to 2 mfs. voltage
80c to strip
holds windings
resistances,
to 6 4
instakedplace.
Terminals firmly
$2.00.
into Bakelite.
.4 areto ohms. 15c to 50c.
Mail

Coupon

FROST BLOCKING CONDENSERS
Every particle of material used is of tested
quality. Entire
enclosed
hermeticallypregnation.
sealedcondenser
vacuuminfinish;
imGoldcases
bronzeafterlacquer
tinned terminals.
$18.00.

Below

For

Our

Complete

16 -Page

HERBERT
H. FROST,
INC.
Main
Office
and
Factory:
ELKHART,
IND.
New York City
San Francisco
CHICAGO
HERE'S A BOOK THAT
YOU SHOULD SEND
FOR TODAY
Ityourcostsdoorbut— little
10c brings
it to
and —contains
a vast
amount of valuable
information
about rheostats, volume controls,
switches, jacks, plugs, conetc. have.
It's a
book everydensers,fancircuits,
should
Fill
to-dayoutforandyourmailcopy.coupon
j HERBERT H. FROST, Inc.
I
I 160 No. La Salle Street, Chicago
II tion
Send andme facts
your about
new Frost
Data Book,line containing
radio informa- ■
your complete
of parts. Ivaluable
enclose 10c.
1
!
| My name
|
i
i
|I
Street Address
1
iI
| City
State
j
I
Ij
(Are you a professional set builder?
I
^|

Catalog

FROST HEAVY DUTY FILTER
CONDENSERS
We use only finest quality linen paper and
highest gradeConservative
foils in building
Filter
Condensers.
ratings.theseDesigned
to give longest, service with entire freedom
from trouble. .5 to 2 mfds. $1.40 to $7.00.
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^ush-pull

Transformers

with impedances

to match

power

dynamic

Type

tubes and

speakers
"BX"
Input Transformer has extremely
high

primary

inductance. Secondary accurately divided.

Price, each

rP0WER
TRANSFORMERS^]
For the UX250
Power Tube
The General Radio Type 565
Power Transformers consist of
two models for both half and
full-wave rectification utilizing the 281 type of rectifier
tube. The Type 565-A HalfWave Transformer illustrated
consists of one 600-volt secondary, two secondaries of 7.5
volts and one of 2.5 volts. It
is designed for 105 to 125-volt,
50 to 60-cycle lines.
Type 565-A Transformer
(200 Watts)

Price

-

$13.50

GENERAL

$6.50

Type "GX-210"Especially
Output
Transformer.
designed for push-pull amplifier using UX-210
or CX310 tubes.
Secondary
connects directly to moving
coil of dynamic speaker.
Price, each

.$6.50

Type
"IIX-171"Same
Output
Transformer.
as
above except impedance
matches UX-171, CX-371,
or UX-250, CX-350 tubes.
Price, each

$6.50

Free circular giving audio hookup and complete information
on request

Radio
SANGAMO

Bulletin No. 931 will be

Company
30 State St.

sent on request

Cambridge, Mass.

274 Brannan St., San Francisco, Cah

ELECTRIC
COMPANY
Springfield

Illinois
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Vy
the

Leaders
Leaders

types of resistances from which

to

choose, it is highly significant that the most important radio and electrical laboratories and
manufacturers

in this country have standardized

on DURHAM

Resistors, Powerohms

Grid Suppressors. The reasons are plain. First — there is a DURHAM
practical need up to 100 megohms.

Second — the DURHAM

utter superiority for years. Third — DURHAM

and

Resistance unit for every

Metallized principle has proved its

accuracy and uniformity can be relied upon

regardless of the type of unit or the purpose for which it is used. Each succeeding year sees
more manufacturers,
DURHAMS.

laboratories, professional radio men

Descriptive literature on the DURHAM

and dealers and jobbers endorsing

line gladly sent upon request.

METALLIZED

RESISTORS
INTERNATIONAL

RESISTANCE

#
CO.,

POWEROHMS
2006

Chestnut

Street,

Philadelphia,

Pa.
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Victoreen

A, C. Circuit
Is the Outstanding Success of the Year
HOOK-UP

WIRE

"The Braid Slides Back"
EXCELLENT
Vital improvements in Victoreen
R. F. Transformers, together with
changes in the circuit itself, have still
further perfected and simplified a
"Super" which for years has had no
superior.
The New Victoreen is simply marvelous. Here you have A. C. operation at its best. Tone quality such as
you have never heard before — selectivity such as you never dreamed to
be possible — simplicity of assembly
developed to the point where anyone
can construct a set which is as nearly
perfect as human ingenuity has been
able to devise.
The heart of this new Victoreen
circuit is of course the world famous
Victoreen R. F. Transformer- —
greatly improved in efficiency, with
binding posts located for maximum
convenience in wiring. Each transformer isindividually tuned to a precision of less than J/3 of one per cent,
by the Victoreen patented method.
These new Transformers, together
with the other Victoreen components
which are used in this remarkable
set, are literally years ahead of their
time. To get the results which only
Victoreen gives, either build, or have
built for you, a Victoreen Super.
Blue Print Free, together with full
constructional details. Write for it
to-day.

TROUBLE?
If
It
the

your receiver or power pack refuses
to function as it should our Service
Department will repair it for you for
nominal charge of from §5 to $10 depending upon time consumed.
Set Building Economy
Why not have your dealer send us your
kit so that we may wire it for you. The
amount you have probably already saved
on the purchase of your kit coupled with
our moderate charge for wiring will appeal
to you as position.
a sensible
economical
proWrite us forandrates,
etc.
And remember, we guarantee either the
repair or wiring service.
We are equipped to build and repair the
SM Screen Grid Six, Sargent-Rayment
Seven, Hi Q, LC-27, 28, Universal, etc., etc.,
etc. Our experience with Television also
enables us to offer our workshop to build
any Television Kit you desire.
For further details address
SILVER RADIO
2114 Mapes Ave.

LABORATORIES
New York, N. Y.

Supplies 45, 90, 180, .and 450 volts,
using a UX 210 or 250 in the last stage.
Contains two voltage regulator tubes so
that the 90 and 180 volt taps are supplied with a constant volt potential. It
is the last word in "B" supply. For the
most satisfactory results you must
have it.
Free Blue Print, with list of parts and
complete assembly instructions, will be
sent upon request.
The Geo. W. Walker Company
^Merchandisers of Victoreen 'Radio Parts
2825 Chester Ave., Cleveland, Ohio

At All Dealers
25 Feet Stranded
35c
25 Feet Solid
30c
Red, Green, Yellow, Blue, Black
job.
FRFF
the name
dealerof
*
* Send
and weus will
send and
you address
a sampleof your
package
Braidite FREE. Include ioc for postage.
CORNISH WIRE CO.
38 Church Street
New York City
-wflJ2J3.fi g.CLgJLf

Condenser

& Adair
Transmitter

nee

A Vitrohm 507-109 Unit
installed on your radio
set lengthens the life of
the a.c. tubes by automatically lowering the
filament voltage.
This unit costs only $2.00
— a small investment if
one set of a. c. tubes is
saved.
Write for free information on the complete line
of Ward Leonard Radio
Products.

WARD
Vtctoteen

ALL
A-C
WORK
Can Be Easily Twisted For
Filament Leads
BRAIDITE is as safe as insulated wire
and as convenient as bare wire. BRAIDITE twists easily and holds its shape permanently after bending. It's quick and easy
to work with, cutting wiring time in half.
To make a connection, simply shove back
the insulation. After soldering, the insulation slides right back into place, leaving no
exposed sections of bare wire and making
the neatest and most workmanlike looking

Jenkins

For the iMosl 'Perfect Results from the
Victoreen "Super" use
the Victoreen "B" Power Supply

FOR

LEONARD

ELECTRIC

CO.

yg&ol
new york
71

For Broadcasting, Phonograph
Recording, and
Power Speaker Systems
H^HIS transmitter is a small condenser which
J- varies its capacity at voice frequency, and
is coupledfication,
direct
a single
stage of amplicontainedinto
in the
cast aluminum
case.
The output, reduced to 200 ohms, couples
to the usual input amplifier. The complete
transmitter may be mounted on the regulation
6microphone
or 12 v. A stand.
battery. It operates on 180 v. B and
This transmitter contains no carbon, and is
entirely free from background noise. Its yearly
upkeep is practically nothing. It is extremely
rugged, and will withstand hard usage.
Price, complete with 20 ft. shielded cable,
$225.00 F.O.B. Chicago.
J. E. JENKINS
& S. E. ADAIR,
Engineers
1500 N. Dearborn
Parkway,
Chicago, U. S. A.
Send for our bulletins on Broadcasting
Equipment
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Bring

the

the

games

crowd — and

welcome

your

MIK 1
List Price #135.00
without tubes

to

they'll

message

Patn 16 or 17
List Price #125.00
without tubes

Where
the

Assemble

Crowds
Voice

of

a

—

Use

Samson

You can reproduce with great volume any radio music on the air or recreate the best
recorded music by using a PAM 16 or 17. For the radio music connect a PAM to
the output of a detector tube of any radio set or tuning unit, and for recorded music
connect it to a magnetic phonograph pick up.
You can make announcements before, during or
after the game if you use a SAMSON MIK 1 (a 2stage entirely AC operated microphone input amplifier) which uses the same high grade transformers
we
have supplied
broadcast
stations. many of this country's better

For even greater volume use the PAM i9 or 20
which has approximately i\ times the undistorted
output of the PAM 16 or 17.
Send for illustrated bulletin RBI describing these
units and other items showing why "PAM AM'
PLIFIERS are a Sound Investment."

Manufacturers
Since 1882

Main Office:
Canton, Mass.
Factories at Canton and JVaterto'wn, Mass.

RADIO

BROADCAST

ADVERTISER

///

OO

Insures

If you insist on
the best, they

YourACTubes

must hand
Televocals.

The Vitrohm 507-109 Unit costs
$2.00. Installed on your radio set,
it lengthens a. c. tube life by automatically lowering filament volt-

Lost

Music

cRgcaptured
by the REMLER
POWER
AMPLIFIER
Today broadcast programs are far
better than the receivers that make
them audible. The problem is— not
better broadcasting but better reception. This is the problem which is
completely solved by the Remler
Power Amplifier. Lost music is recaptured when you make this wonderful
new amplifier an integral part of your
set.
Designed — not for louder music, but
for more music — it brings orchestra
details to your ears just as field glasses
bring landscape details to your eyes.
You can assemble it yourself or have it installed
by a professional set-builder at a trifling cost.
The
couponyoubelow
will bring
full —when
details. you sign and mail it—
REMLER
Twin-Rotor
CONDENSER
For knife-edge tuning use
this famous twin-rotor condenser. Specified in circuits
that demand extraordinary
accuracy and efficiency.
Price $5.00.
REMLER
Drum
DIAL
Rigid, heavy construction, smooth,
no Drum
backlash,
illuminated.
fifteen inches in circumference. Removable calibration strips. Price $4.50
Use maltheion oncoupon
full Units.
inforRemlerbelowPa for
Is and
Remler Division, Gray 8C Danielson Mfg. Co.
260 First Street, San Francisco, California.
Gentlemen: Please send me:
the "dope"
Power Amplifier.
;□□ All
Bulletin
service onfor the
professional
set builders.
Name
Address
City
State
Do vou build and sell sets?
R B-ll

All

age.
Attached in a moment — Nothing
combustible — Nothing to wear
out — Does not get excessively hot.
It consists of a Vitrohm Resistor
mounted within a perforated
metal cage, a plug, and a receptacle.
Write for free information on this
and other Ward Leonard Radio
Products.

WARD
LEONARD
ELECTRIC
CO.

standard

types. Ask for
them at your
dealers.
Televocal Corporation
Televocal Building
Dept. B-4, 588 12th Street
West New York, N. J.

^Prunt
NEW YORK

evocal

Quality
Build a
Daven Television
Receiver
Complete Essential Kit, $60.00

Tubes

DRESNER
SHORT

THE
complete
with6rsteither
T-24, Kit.
T-j6Furnished
or T-48
Scanning Disk, Motor. Bushing,
Rheostat, Daven Television Tube,
j Complete
Stages ofandDaven
Television Amplification
Instructions
for Building.

WAVE

CONVERTER
Complete

Daven Television Receiver, Comincludingamplifier
Television
$100.00plete,Less
Tubes.Tube —
DAVEN TELEVISION
APPARATUS
Daven
Television Scanning Disks
24 T14
36 T-36
48 T-48
Comb. Tele.
Disc with
36 and 48 3
Apertures T-468 .
Daven
Amp.24,TDaven Spec. Telev. Amp. T-4 for 2 Hi Mu Tubes
and 2 power Tubes 171, 210, 2?o Types. . .
Daven Telev. Neon Lamp, 20 to 80 Milliamperes 17.50
12. so
Striking Voltag; 100 Plate ij"xij"
Daven Bushing
Telev. Motor
" Shafts 27.50
1.00
Daven
to
fit
J",
ft
and
f"
Motor
Daven Bushing
for 48 Aperture disc
Daven
Rheostat
20.00
2.1?
Daven Telev. Photo Elect. Cell ij" Bulb
Daven Television
Telev. PhotoCouplers.
Elect. Cell 3" Bulb
Daven
1st Stage No. 421.x D-421.XX
2.25
2nd Stage No. 422X D-422XX
3-5°
3rd
Stage No.
423X forD-423XX
x Glastors
are used
Grid and Plate resistors 37-5°
3-50
xx Super Davohms in Plate and Glastors in Grid
DavenTelevision
AC 71 forLam
output tubesp
in series with 4-65
Daven AC 10 (for brighter illumination)
0.00
Daven Mu
Mu 620 Power
Hi Mu Tube
Tubes for Amp. Stages. .
Daven
Send 2C stamp for new Television Booklet 3-5°
DAVEN CORPORATION
3-5°
Amplification Specialists
190 Summit Street Newark, N. J.

you

SPECIAL
to 550
Length Range 15Meters
$22:50
May be used with any type of broadcast
receiver. Easily connected in just a few
moments' time. No complicated wiring.
Simply plugged into the detector socket in
the set. Covers the entire range of wave
lengths from 15 to 550 meters. Maximum
satisfaction
from topprograms
to bottom.
miss the excellent
now Don't
being
broadcast on the short waves. Get a Dresner Converter. Five interchangeable coils
furnished with each unit.

Wave

If your dealer
supply and
you,weSEND
MONEY
ORDERcan'tDIRECT
ship
Parcel Post Prepaid. GUARANTEED.
(When ordering
unit onmake
whether
to be used
A.C.sureor toD.C.specify
set)

THE

DRESNER RADIO
MFG. CORP.
640 Southern Boulevard, Dept. A., New York, N. Y.
_
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Modern

Broadcasting
And

in quality radio receivers for home

Station

use, Faradon

Capacitors play a very definite part in maintaining
satisfactory service, meriting its widespread utilization.
More than twenty years of the application of electrical
engineering skill combined with highest quality materials have made Faradon Capacitors the standard of
electrostatic condenser long life and reliability.
Our engineers stand ready to cooperate on special equipment which cannot be taken care of by the more than
200 types of Faradon
delivery.
WIRELESS

Capacitors ready for prompt

SPECIALTY

APPARATUS

COMPANY

Jamaica Plain, Boston, Mass., U. S. A.
established 1907

vuxulon

Electrostatic

Condensers

for

All

Purposes
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the Ti^orlJ
with

a Lost

Continents

Radio now ties together in a close patches fromByrd's Expedition. They will he
network all the continents on the globe, received at the Times office in New York and
from there given out to the press of the world.
— except one.
Of course these messages will he sent and
Antarctica, larger than the U. S. A. and
received
on short waves. The receiving set
.Mexico combined, is still almost totally un- used hy the
New York Times is the same
known. Here lies the South Pole on a plawhich
heard
Nobile's
signals in the Arctic. It
teau almost as high as Pike s Peak and ahove
relies for its operation on National Shortwhich tower still higher mountains and smok- Wave
equipment.
ing volcanoes. Here is utter silence and frozen
National Company.
desolation. Here drea dful temINC.
has developed new and
pests sweep for weeks at a time
better equipment for the simple
at 100 miles an liour and more.
construction of non-radiating
Commander Richard E. Byrd s
short-wave receiving sets emAntarctic Expedition, now just
embarked, will explore this
ploying the A electrode 222
1 iibe. This equipment is degreat continent for the first time.
scribed in our Bulletin No.
The Ne w York Times has
131-B. Write us for it to Jay.
exclusive rights to the news dis'Natlonal Screen-Grid
St\ort-\i^ave Receiver

ELECT

Cle-RaRadio

RAD

Tone
Sockets

NATIONAL
RADIO
NATIONAL

CO., INC.

PRODUCTS

"W". A. READY, PRESIDENT

With Naald adapters
and connectoralds
you can put power
tubes
sets —tochange
batteryin sets
A. C.
sets — attach electric
pickups to A. C. or
D.
sets —to connect
radioC. sets
Victor
Electrolas—
tubes and testA.A.C.C.
sets with D. C.
testers — make portfulablewithsets more
biggerpowertubes
— make battery sets
portable and a host
ofderother
Or'
from things.
your dealer
or write for a comNaald pletehasNaaldthecatalog.
only
complete
of its
kind in thelineworld.
ALDEN MANUFACTURING CO.
Dept. RB 3
Brockton, Mass.

MAIDEN,

MASS.

CUSTOM SET BUILDERS
Browning-Drake has an interesting and
unusual proposition. Take advantage of
the fact that more Browning-Drakes are
built than any other. Write today.
BROWNING-DRAKE CORP.
Cambridge
Massachusetts
Why not subscribe to Radio Broadcast? By the year only $4.00;
or two years $6.00, saving $2.40. Send direct to Doubleday,
Doran is/ Co., Inc., Garden City, New York.
HOOK-UP BOOK FREE
Improve your reception with
CARBORUNDUM
Stabilizing Detector Units,
Grid Leaks and Resistors
THE CARBORUNDUM COMPANY
Dept. D-2, Niagara falls, n. y.

Specially Designed for
A. C. Detector Tubes
Spring supported, shock absorbing. The
tube-holding element "floats" on perfectly
balanced springs. Reduces microphonic
disturbances, tends to lengthen life of
tube, and lessens the possibility of shortcircuiting closely-spaced tube elements.
Y- Type, forGreen
Top, for
A. C.
Tubes:
mounting
on 5topprong
of panel,
$ 1 .00 ; for direct attachment to panel, 75c.
Red Top, for Standard UX Type Tubes:
for mounting on top of panel, 75c. ; for
direct attachment to panel, 50c.
At all Radio and Electrical Dealers and Jobbers
Benjamin Electric Mfg. Co,
120-128 S. Sangamon Street, Chicago
San Francisco
New York
247 W. 17th St.
448 Bryant St. J
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Increased

POWER

Amplification

Improved
with

this

new

Quality

valve

PRONOUNCED
S E E "~~ C O

Harold P. Donle's
Latest Achievement

TT'S performance that
*• counts! And it doesn't
take a critical ear to note

The inventor of the famous
Sodion Detector valve brings
out this DA2 6-volt amplifying valve which can be used in
any type D. C. set with no
changes.

the great improvement a
set of CeCo Tubes make in
reception.
It's a simple matter to
avoid disappointing results
by making
Tube

sure that a CeCo

occupies

of your

each

socket

set.

The exclusive CeCo

method

Full size illustration of the
DA 2 amplifying valve.
Price $3.00 each.

of

evacuation is largely responsible

Amplification for both audio
and radio frequency are greatly
increased, and the quality of
your set vastly improved.
Those that have tried these
valves are enthusiastic about
them.

Here is what some of them say:

for their outstanding performance and is directly responsible
for their longer operating life for
which CeCo tubes have gained
a country wide reputation.

"We seem to obtain far greater volume and clarity."
"Really, it is the most marvelous valve I have ever
come in contact with."
"I have tried two of these tubes in my regular tuned
radio frequency broadcast receiver, and I am delighted
with the increase in volume and distance obtained."

No matter what your tube requirements may be — there are
CeCo Tubes made to meet every
radio need in both A. C. and D. C.

"Received the four tubes ordered, to-day. Must say
that they even exceed all my expectations."
"It is a pleasure to report that the three tubes I received from you Saturday have increased the sensitivity
of my Hammarlund-Roberts Hi-Q to a considerable
degree. I also tried one in the R. F. stage of a Brown-

types as well as in "special
purpose" types which are obtainable no where else.
Try a set of CeCo Tubes and you, too, will
find how much belter they improve reception.
A CeCo dealer will gladly advise you which
types to use to obtain tlte best results.
CeCo Manufacturing Co., Inc.
PROVIDENCE, R. I.

ing-Drake and there too, the gain was considerable."
"Excellent for low wave sets"
If your dealer has not yet received his stock, mail orders will be
promptly filled upon receipt of check.
We Guarantee Every Tube

The Donle

Electrical Products Corporation
MERIDEN, CONNECTICUT

RADIO

70

BROADCAST

Behind

ADVERTISER

SERVICE

Condensers
T-2900
and
T-2950

If you are interested in commercial
servicing of radio receivers, you
should investigate the unusual merits of the following Weston instruments— each one a testing authority
in its specific field.

for
250 Type Power Tubes
These condensers are built for power amplifiers using two 281 type tubes for a full wave
rectifier.
The T-2900 condenser is for operation with
an amplifier equipped with a single 250 type

A. C.
meter
voltThis compact little instrument
shown above has three ranges —
150/8/4 volts. It is designed for
line supply and filament voltage
tests of A. C. Receivers. A handy
kit instrument, exceptionally accurate, light and durable. Contained in mottled red and black
Bakelite case.
Model 537 A. C— D. C. Set
Tester
A complete servicing outfit that will
quickly diagnose the trouble in any
type of radio receiver set made —
without need for any additional
equipment. The meters provided
are equivalent to ten instruments:
A 3-range A. C. Voltmeter— 150/8/4
volts; a D.C. Volt Milliammeter with
five voltage ranges— 600/300/120/
60/9 volts, (all 1.000 ohms per volt);
and two current ranges — 150/30
milliamperes.
With this Weston Set Tester filament, grid, plate and cathode voltages are determined under actual
operating conditions. It determines
filament current requirements and
plate current drain. It locates
"shorts" between grid and plate as
well as distortion in the audio system due to tube overloading. It
provides for filament circuit and general continuity tests, and also serves
as a rapid tube tester.

Potter

the R>eymet
TradeMark.

The natives of an obscure Scottish isle
specialize in weaving the finest of woolens.
Shipments can be made only when a
chance vessel calls. QUALITY? Yes, but
delivery lacks dependability.
A one-time manufacturer of very fine
automobiles is no longer in business.
Again QUALITY, but owners lack service.
Behind the Polymet seal there is unquestioned QUALITY, and something more —
the Polymet
organization,
insuring the utmost in SERVICE
and DEPENDABILITY.
Send for the Polymet Catalogue
POLYMET
MANUFACTURING CORP.
597 Broadway, New York City
POLYMET
PRODUCTS

FERRANTI
Audio

Frequency

power
The tube.
T-2950 condenser is arranged for push
pull amplifier having t wo 250 type power tubes.
T-2900 Condenser each $20.00
Taps at 2, 2, 2, 4, 1, 1 Mfd.
T-2950 Condenser each $22.50
Taps at 2, 2, 2, 4, 1, 1 Mfd.
By-Pass and filter condenser for all types of
requirements are available.

$

Potter Manufacturing
North Chicago, DL
A National OrgajtUotlon at Your Service

AC

Electric

Power

Transformers

Go.

Speaker
GEMBOX

New
Dynacone

are specified for the
SKYSCRAPER

Write for descriptive circulars
just off the press
Weston Electrical Instrument
Corporation
604 Frelinghuysen Ave.,
Newark, N. J.

Principal cluding
partsaluminum
for base,
the SKYSCRAPER
inthree shields and
front panel correctly drilled, one Ferranti
Audio requency Transformer Type A-F 5,
one A-F 5C and one O-P 8C for magnetic
type speakers or O-P 4C for dynamic cone
speakers and three special radio frequency
coils. Complete instructions for building
with necessary photographs and drawings.
List price $95.00. Instructions only, net
price $1.00.
Send 15c in coin for copy of
the 1929 Ferranti Year Book

WESTON
RADIO
INSTRUMENTS

FERRANTI, INC.
130 W. 42nd St.
New York, N. Y.
FERRANTI, Ltd.
FERRANTI
Hollinwood
ELECTRIC, Ltd.
Toronto, Canada
England

without
Tubes

Crosley radio sets have always been good sets. In them
the public has always received the utmost value. The AC
Electric
powerpower
speaker
GEMBOX
at $65modern
is the world's
lowest priced
speaker
radio. Every
feature
available, to insure good reception, is incorporated in the
Crosley Gembox.
5 DAYS' FREE TRIAL
Try$25
the Gembox and the new dynamic DYNACONE in
your own home. Test it! Comparel Its realistic tone and
rich reproduction is amazing!
8-Tube A C Electric
SHOWBOX $80
Genuine Neutrodyne
with all modern improvements.
6 Tube
Battery
Operated
BANDBOX $55
Genuine Neutrodyne for places
where electric current is not
available
for electric
receivers.
Dry
Cell Battery
Type.
BANDBOX,
Jr., $35
MUSICONE $15
Improved
—
world's type
greatest
success
in the field ofthemagnetic
speakers.

€R0SfcE¥
THE CROSLEY RADIO CORPORATION
Dept. 20
Powel Crosley. .Tr. Pres.
Cincinnati, Ohio
Montana, Wyoming, Colorado, New Mexico and west
prices
slightly
higher
Prices of Crosley receivers do not include tubes
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4f Raytheon^

TWO

The

PIONEER

New

f*§Tt m m/\f
/Vm/T OTtt ^XCXC^J
If
iBS
/-^ # -m
^^«K ^ i
i dig" 1 g
^93 tt&TgKS,
i^Sfe.
Ul'l'C'If'l/
AS tSbl

TELEVISION
ACCESSORIES

Absolutely
The Raytheon Laboratories invite correspondence
from both engineers and
amateurs in regard to these
two accessories now in
successful operation.

Greatly
New

Raytheon Foto-Cell, an
extra sensitive broadcasting tube, is supplied in
either hard vacuum or
gaS'filled types.
RAYTHEON
MFG. CO.
Kendall Square Bldg., Cambridge, Mass.

Kit

you have aspower after
This is the
sembled
it. AfrAn
professional
job! Operates on
105 to 120 volts, SO to 60 cycles AC. Supplies
rippleless
DC current
set
using
Standard
5 or 6forvoltoperating
tubes and any
potcer
tubes.

Dry-

Improved — and

Money -Making

The Knapp "A" because of its superior filter system and the special Elkon
rectifier is so silent and so steady that
it functions perfectly.
The 8 Improvements
1. Larger Filter System — 3 Elkon
Condensers instead of 2. Ideal
for Super-Hets, Short Wave sets
and Television.
2. Improved Choke Coils
3. Pendant
Switch Controlling
"A",
"B" Eliminator
and Set
4.
5.
6.
7.
8.

4f Raytheon\
F<>lp (M

"A'Tower

Plan

at a Lower
for

Price

Set-Builders

The new Knapp "A" Power has all of the features of the old modelmagic silence — absolutely dry — "B" Eliminator receptacle — voltage
regulator— complete, tooled part kit, etc., etc., and also eight new
improvements which make it the finest "A" Power ever put out.
Compare the appearance, read the improvements — and remember
that the price has been reduced !
Every hole is driUed — aU you do is put
The Only "A" Power Adaptable
the screws and nuts in place and
to Short Wave, Super-Heterodyne
connect a few wires. Just follow instruction sheet. No extras to buy.
and
Television Reception

Raytheon Kino-Lamp is
the first television-reception tube developed to
work on all systems.

\

Knapp

^

Dial for regulating voltage
Celeron Front Panel
Baked finish
Heavier gauge metal cover
DieCast Base Plateinstead of wood

COMPLETE KIT — EASILY
ASSEMBLED
The New Knapp Kit is a tooled job —
the parts seem to fall into place.

THE

SET-BLILDER
CARE OF

TAKEN

Regardless of what
the established trade
may think about it — I
am going to continue
to give mumyoudiscounts.
the maxiThe
coupon will bring you
the f uU details of both
the new "A" Power
and the special discounts toset-builders.
David W. Knapp, Pres.
KNAPP ELECTRIC, Inc., Port Chester, N. Y.
— Div. P. R. Mallory & Co., Inc. —
Mr. David W. Knapp, President,
KNAPP ELECTRIC, Inc.,
Dept. K-20 850 Madfeon Ave., N. Y. C
Kindly send me complete Information on the
Set-Builders.
Knapp "A" Power and your special discounts for
Name
Address. .
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CARDWELL

CONDENSERS

The Taper Type

Unexcelled for
Short Wave

Cardwell

Hecei'vers

Type "E

Completely wired PushPull Power Stage
ample power
HANDLES
to faithfully reproduce
full frequency range without tube overloading. Eliminates hum caused by raw
AC on filaments of Power
Tubes. Increases
reality and volume.
AmerTran

clarity,

gives you a unit

in 4 types designed for practically any combination of
speakers (including the new
dynamic types), and power
tubes.

Stability

Is

Vital
in the short wave receiving circuit.
The effect of a rising and falling note so often
troublesome
in CW will
code obviously
reception, play
due tohavoc
instability in the reception
circuit,
broadcast
on the short waves,
if atwithall
pronounced.
TAPER PLATE
CONDENSERS
areCARDWELL
rigid
vibrationless
will
absolutely
hold
their and
calibration,
thus and
eliminating
one of
the
important
causes
of
circuit
instability
in short
wave receivers.
The tuning curve is ideal, midway between SLW
and SFL. attained without eccentrically shaped
plates,
concentrating
the weight
of the rotor
close to thus
the shaft.
It will pay
you to investigate.
Transmitting
CondensersCondtmsers
for powersin upall tostandard
50A'IV
and
more. Receiving
capacities. Send for literature.
All good dealers carry Cardwell Condensers. If
your dealer dors not, send to us direct.
■%> # # ^> <§> # #
The Allen D. Cardwell Mfg. Corp.
81 Prospect Street
Brooklyn, N. Y.
'The Standard of Comparison'''

The type P — AmerTran
power stage consists of a
Type 151 Input and either
a Type 152., 2.71, 2.00 or 362.
Output transformer(depending upon the combination
of power tubes and speaker
desired) mounted on a metal
base and wired to two power
tube sockets with necessary
50,000 ohm
C — lead.

Di.Lee

►

With the same creative enthusiasm that 4
produced the first radio vacuum tube 4
(1906) Dr. DeForest has now developed
the perfected Audion.
When you replace your tubes with
DeForest Audions you will experience
a new enjoyment in clarified reception.
Send today for your free copy of
the interesting booklet by the " Father

DeForest
Radio Co.
of Radio."
JERSEY
CITY - N.J.

Sold for THE AMERICAN SOCIETY FOR THE CONTROL OF CANCER

resistance in the

Approximate shipping
weight, 10 lbs. For complete
information see any authorized AmerTran dealer or
write to us direct, mentioning the speaker and tubes
you intend using.
Price completely wired and ready to
install in set $36.00 without tubes.
Licensed under Patents owned or controlled by R. C. A.
and may be bought with tubes

TRADE MARK REG.U.S.PAT.OFF"
AMERICAN TRANSFORMER COMPANY
Transformer Builders for more than 28 Years
285 Emmet Street, Newark, N. J.

DON'T
the "static"
comesmotors,
in overstreet
the
house letlighting
systemthatfrom
cars, telephones and electrical appliances mar your
radio programs with blare, squeal, fry and scratch !
Plug in a Falck Claroceptor between wall
socket and set and have clearer A.C. reception. A
wonderful new improvement by a pioneer radio
equipment manufacturer. Grounds and thus blocks
out line interference noise and radio frequency
disturbances. Also improves selectivity and distance. Requires no changes in set. Measures just
'iVzK-SVz'x.zVz inches. Tested, proved. Praised by
thousands. Get one right away — -at radio parts
dealers. Write for descriptive folder.
$7.50
cordcomplete
and plugwith

You

may

VALUABLE

save
LIVES

by buying these
CHRISTMAS

LABELS
I
Mail a post card to

CLAROCEPTOR
Built by ADVANCE ELECTRIC CO.
1260 W. Second St.
Los Angeles. Calif.
JOBBERS and DEALERS, GET OUR PROPOSITION

THE
AMERICAN SOCIETY
FOR THE CONTROL
OF CANCER
34 East 75th Street
New York City
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You Can Forget the Condensers

— If They Are DUBILIERS 73

Type PL 1120 especially
designed for the Thordarson
types Compacts,
R-480 and
R-280 Power
used with 171 type
tubes and the 280 type
tube Rectifier or the
Elkon E-80 metallic
Rectifier. Price §15.50

Your radio receiver needs a
high grade aerial system if
you want consistently good
reception. The Beldenamel
Aerial Kit contains all the
parts of a fine antenna system— each part matched for
perfect results. Replace your
old aerial with a Beldenamel
Aerial Kit. Your antenna
system will then be permanent— it cannot corrode! See
your dealer, now.
Bare Copper Beldenamel Aerial
Aerial
Wire J^s=5~^^&J>V'>'e
is protected
Corrodes
/ff
against
corRapidly

Other Belden Radio Products
Indoor Aerial Kits, Colorubber
Hookup Wire, Aerial Accessories,
Battery Cords, Extension Cords
and a dozen other items are included in the Belden Line.
Ask your dealer to show you the
newBeldenLoudspeakerExtension
Cord that is flat and lies under the
rug. No unsightly wiring around
the room. Does not wear the rug.
Belden Manufacturing Co.
231 2- A S. Western Ave.
Chicago

There
is

No

Substitute

No amount of lurid claims by
nimble-penned advertising writers "will take the place of quality
in the final analysis — the operation in your power supply.
Ever since the advent of Radio,
Dubilier has been the manufacturers' standard — and the setbuilders' stand-by. Built in every
Dubilier Condenser is a factor of
safety which is your safeguard for
years of service without failure.

for

Quality

Dubilier Light Socket Aerial
— "A Moulded Bakelite Product"
Bring in programs with a minimum of interference. Do away
with the unsightly and trouble
causing outside aerial and lightning larrestor. Simply attach to
the set and plug into the nearest
light socket. Uses no current.
Sold by all good dealers on a 5
day, money-back basis. Price
$1.50.
Write to Dept. 30 for free catalog

Dubilier
City
CONDENSER
CORPORATION
10 East
43rd Street

Devices

New York

Reg. u.S PatOff
Fahnestock

Clips

RADIO'S GREATEST CONVENIENCE
Used by Manufacturers of Standard Sets and Parts
— and by Manufacturers of High Grade Wet and
Dry Batteries.
ALL GENUINE
FAHNESTOCK
CLIPS
bear our imprint on the thumb
piece of the dip.
WORLD S LARGEST MAKER OF CLIP TERMINALS
48 different sizes and styles to meet all requirements.
■ Send for Catalog and Samples
FAHNESTOCK ELECTRIC CO.
L. I. City
New York

NaalD
NO. 502
ELECTRIC
PICK-UP
Fits
A. C. or
D. C. Sets
PRICE $5.00
No. 502— Price $5.00
The
Na-Ald
Electric
Pickup
fits
and will electrically amplify music fromany anyradio
phono-set
graph.
Can
also
be
attached
to
any
power
amplifier.
It is the lowest priced pickup on the market and
isfromsoldyouron dealer
a five-day
moneydirect.
back guarantee. Get one
or write
ALDEN MANUFACTURING CO.
Dept. RB 4
Brockton, Mass.
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Voltage

your A.C. tubes
PROTECT ssiv
e filament voltfrom exce
age and insure maximum efficiency
from your new
A.C. receiver,
which is designed
to operate at a
certain specified
line voltage. To
be safe, you must
have some means
of controlling PRICE
the voltage from
$3.00
the light socket,
which varies in different localities
and during certain times of the day.

Control

ADVERTISER

Safe

The Centralab Radio Control Box
is the most advanced form of voltage regulator. It is so designed
that it will provide absolute
positive and safe
control of line
voltage. A simpletrol ismanual
conthe only
adjustment. No
meters or technical knowledge
required to operate, although meter can be attached at little extra cost if desired.
Milwaukee,
Wisconsin

26 Keefe
Avenue
CENTRAL

RADIO

End
Radio
Bothers
DO
YOU
KNOW
what's
wrong
when
your Twenty
radio setto isn't
workingif you
right?had Ten
one,
you would
a copyto one,
of you don't.
HofC's Radio Trouble Finder
Ever hear of M. M. Hoft', radiotrician, of Philadelphia?
He
was one
the verysetsfirst
and has ofbeen
building
and ofstudying
ever "radio
since. bugs"
And
his
broad
man setshas
written
a booknow,to out
tell radio
owners experience,
how to keepthistheir
working
right.
He tells in plain words and illustrations how a set is
made,
called,
usual
troubleswhat
and the
how parts
to fixarethem.
Thenwhathe are
liststhe103fewtroubles
that
sometimes
happen
and
tells
how
to
detect
and
fix
each
one.
The book is a regular cyclopedia of radio information —
only
it's in a you'll
language
understand.
five
minutes
knowanyone
more canabout
radio thanReadyouit ever
dreamed and
of.
It will
save youandmany
a repair
man. ItIt will
hours
of guessing
fussing
and fuming.
will save
help you
you
to keep the tone of your set always sweet and strong. It will
keepIT youWILL
from MAKE
losing many
programs.
And,
best
of
all
—
YOU STOP SWEARING — MUCH TO
THE SURPRISE OFWhyYOUR
FAMILY
because radio redone —when
learn pairshoware expensive.
to keep your sethirefromthemneeding
them?you can easily
All It Costs Is $1.00
with andyourtheorder
also Broadcasting
a Dictionary
of Send
RadiocashTerms
latestand listyou ofgetRadio
Stations mission
withwavecall
lettersSend
and your
the newdollar
Federal
Radio
lengths.
today
whileComthe
copies last. Six copies for $4.00.
CHICAGO BARGAIN STORES
4*6 Quincy Bldg.
Desk Bt Chicago, 111*

NOW

LABORATORIES
A

At only one
dollar a year, $
there is not a woman
in your neighborhood
who would be without
THE AMERICAN
HOME. A practical
home-making service
that she can actually
use and adapt to her
own home, she will
want to buy this
magazine on sight —
and can afford to.

READY!

Why not build up a
profitable little business of your own?
With this new magazine you will find
sales easy and quick —
and your profits
worth-while. Let us
write you full details
of this dignified way
to earn income. Agency Division, THE
AMERICAN HOME,
Garden City, N. Y.

New
Radio

Practical
Book

RADIO
DATABROADCAST'S
SHEETS
Containing 72 Pages of
Useful Technical Data on
VACUUM
POWER

TUBES
SUPPLY

DEVICES
SPEAKERS
AUDIO

SYSTEMS

RECEIVERS
CIRCUITS
and a hundred other radio
subjects of interest to all
radio engineers, set builders,
service men, home constructors and amateur operators.
Send one dollar now for a
copy Sheets.
of Radio WeBroadcast's
Data
will send
book by return mail. If you
are not satisfied you can return book within ten days
and we will refund dollar
immediately.
Use coupon below

DEALERS AND SET BUILDERS
The NEW 1929 catalog is crammed full of the
FINEST, NEWEST, Nationally known A. C.
sets, consoles, cabinets, dynamic speakers, kits,
eliminators and accessories at LOWEST
PRICES. Largest stock of radio parts Prompt
delivery. No delay.
Write for our FREE catalog
WESTERN RADIO MANUFACTURING CO.
T>n W r >U>,t
llvnt RH-II
Chicas
'yfcBigFriendlyRadioHouse

DOUBLEDAY, DORAN & CO. INC
Garden City, N. Y.
(R. B. D. S.)
Gent lemen:
Enclosed is a dollar for a copy of Radio
Broadcast's
I am days
not satisfied Iwill Data
returnSheets.
book inIf ten
and
you are to return my dollar.
Name
Address.
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PRODUCTS

IQUALITY

If It's Sponsored
by Dongan
It's O. K.
As an exclusive specialist in parts then runs the gauntlet of Dongan's
engineering and manufacturing, Don- laboratory experiments; those meritgan, for years, has occupied a key ing further trial are subjected to every
position in the industry.
New test. Only when finally approved
tubes, new hook-ups — new ideas by by the chief engineer is a new design
the hundred — come to Dongan for offered to the market — a finished
consideration.
Every single idea product.
One

of the most

Developments
Power
around

Look

for

the

m
on

top

of all

i/itnningnafn
JlC RADIO
^TUBES>
HEN you look inside of your
radio, be sure you see the monogram
"C" smiling up at you on the top
of each radio tube.
Thirteen years of experience and
tireless research combined with a
guarantee against mechanical and
electrical defect stand behind this
simple monogram.
Cunningham Tube quality has resulted in national leadership and
public approval, two assets we zealously guard and is your assurance
of faultless modern reception.
k
Never use old tubes with new
ones — use new tubes throughout
1
E. T. CUNNINGHAM, INC.
New York Chicago San Francisco
Manufactured and sold under rights, patents
and inventions owned and/or controlled by
Radio Corporation of America.
J

successful
of 1928

Amplifiers
UX

250

built

Tubes

The following are Approved Dongan
Parts for use with UX 250 tubes

LIST

No. 7568 — Transformer for full wave rectification using 2 UX 28I
tubes to supply B and C power to receiver and power
for 2 UX 250 tubes

$13.50

No. 8529 — Transformer similar to No. 7568 with the addition of 2
low voltage windings, one for 226 tubes and the other
for 227 tubes so that you can build a power amplifier for
either radio receiver or phonograph pick-up

16.50

No. 6551 — Double Choke, for use with above transformers
15.00
D-600 — Power Amplifier Condenser Unit
16.50
D-307 — A Condenser Block, used in connection with D-600 . . . 10.00
No. 1 177 — Straight Power Amplifier Output Transformer
12.00
No. 1 176 — Same as No. 1177, but of Push Pull type
12.00
Custom Set Guilders can secure any of these items direct from factory at trade
discounts. Set Manufacturers are offered the full cooperation of Dongan engineering department for their individual requirements.
DONGAN ELECTRIC MANUFACTURING CO.
2991-3001 Franklin Street
Detroit

RADIOfourFANS,
Radio Broadcast
will cost
you
dollars,a one-year's
two years subscription
six dollars. toConsider
this expenditure
as being a necessary investment on your part for the future development of your own knowledge of Radio.
ChaigingBatteriesj
]$tartsYou
; Let me show you how
to makefrombigthemoneyright
start.
I've prepared a FREE
, book explaining all details. First
week's ment.profit
equipYou can pays
get allfortheallbattery
charging business in your community with my
Service dinary
Station
— it's50%
yearsto ahead
orchargers Charger
— handles
70% ofmore
batteries. I explain everything — start you in a
business of your own and put you on the way t
big money. Write for FREE BOOK.
C. F. HOLMES. Chief Engineer, Dept R B
Independent Electric Works
S116 Ravenswood Ave.
Chicago, ttj.

WRITE
TODAY
Send for large, new, il"A-2,"
showing lustrated
the Catalog
latest
of
everything in radio at
wholesale prices.
Allied Radio
CORPORATION
til W LAKE STREET, CHICAGO

■

RADIO

thousand
TWENTY-TWO
Garden
the
pack
fans
fight
to see the big fight with their
l^mfiifi

own eyes- • •
Millions

yCOCCj

sitting comfortably at

home

"see" it from the ringside seat of the radio announcer.

They learn about each telling blow almost as quickly,
and much more accurately,
than most of the fans seated
in the Garden. They hear the
thud of glove on body, the
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ments of radio design: for

muffled
of the fighters'
dancing thumps
feet.
The tense voice of the announcer comes over the air

shielding, condenser blades and
frames, chasses, sub-panels,
front panels and for many
other parts.

clearly and distinctly, free
from interference and without
buzz or hum to blur the re-

Look for Aluminum — you
will find it in the finest of receiving sets. And if you are
building a set, use Aluminum
for the best results.

ception.
That is the experience of the millions
whose receiving sets
are Aluminum equip-

"Aluminum for
The booklet, J3M
Radio," will be sent on request. It explains the varied
radio uses to which Aluminum
is adapted. Send for your copy.

No other metal comped. pares with Aluminum in fulfilling all the varied require-

ALUMINUM
ALUMINUM
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GREATEST

IN

Hi-Q

RECEIVERS

O say that these four new Hi-Q Receivers are the
1 11greatest instruments ever produced in Hi-Q History
is equivalent to saying that they are the most efficient,
most selective, most sensitive and most beautifully
toned radios in the world. A powerful, all-inclusive
statement. But every professional RADIOTRICIAN
who has built one knows this statement is a fact.

HISTORY
and positive. Tone is practically identical with the
original broadcast at the microphone !
There are FOUR Hi-Q Receivers for 1929— the
Junior Hi-Q 29 at $54.35 ; the Junior A.C. Hi-Q 29 at
$101.50; the Master Hi-Q 29 at $99-50 and the Master
A.C. Hi-Q 29 at $151.50 — four wonderful receivers
which meet practically every range of pocketbook. All

For example, there is no receiver, to our knowledge,
which employs the Band Pass Filter — an entirely new
system used exclusively in the Master

these instruments are the joint creation of America's
ten leading parts manufacturers. All are stage-shielded,
built on steel chassis from the finest

Hi-Q 29 models. This new development effects absolute flat -top square
cut-offtumng for the first time in radio
history. It assures positive 10 K. C.
selectivity. Even in crowded areas it is
impossible to tune in more than one
program at a time. "Cross talk" cannot occur. Oscillation, buzzing, humming and background noises are
totally eliminated. Stations don't
simply "swish" in — they snap in, clear

FOUR
MODELS
A. C. or D. C.
Have One Built by Your
Local RADIO TRICIAN
Anyone can build the Hi-Q Receiver,
quickly, easily, successfully AND AT
BIG SA V1NGS over factory-made sets
of anything like similar efficiency. If
you prefer to have it built for you, write
for address of your local Radio- Trician.
Over 6,000 of these Hi-Q experts in
the country. One is near you. He will
be glad to demonstrate the Hi-Q Receiver and build one for you at a very
moderate fee.

parts available in the industry.
If You Want

Real Radio Value,

Write for Our New 80-Page Book
The new 80-page Construction Manual is
the biggest and most complete book of its
kind ever published. Tells how to build
all 4 new Hi-Q Receivers. Photos and diagrams illustrate every detail. Covers power
amplifiers, tube and battery combinations,
antennae, installation, short-wave adapters,
house wiring and a wealth of other data
on custom-built radio. * * Price 25c.
1182-C BROADWAY
NEW YORK CITY

HAMM

ARLUND-ROBERTS,
•Associate Manufacturers'

Inc.

AND nowhere is Hammarlund quality
• more convincingly expressed than
in the four new Hammarlund- Roberts
"HiQ-29"
4&

Receivers.

Here you have radio at its best — in
appearance, in design, in performance.
A custom-built receiver is a better receiver when it is built around a circuit
of known efficiency — and built with
parts of unquestionable reputation.
Eighteen years of manufacturing precision instruments for radio, telegraph
and telephone use are back
Hammarlund Product.

A*->

A-

of every

That experience is your protection.
You will find it in abundance in the
new

"HiQ" receivers and in the individual parts of Hammarlund manufacture.
Hammarlund

Manufacturing

424-438 W. 33rd Street

Co.

New York, N. Y.

FILL IN AND MAIL

□ Enclosed 25c. for 'HiQ-29" Manual
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ARCTURUS

HAS

Fff

AGood

LONG

POWER

LIFE

AMPLIFIER
— that provides undistorted volume, better tone quality, humless
reception, — and its life is unimpaired by line surge! Arcturus
07 1H is the first and only A-C
Power Amplifier that has proven
itself satisfactory in every way —
because it is the only Heater Type
A-C Power Amplifier on the market. Put an Arcturus 07 1H in your
last audio stage — to end frequent
replacement — to improve reception...There is an Arcturus A-C
Long Life Tube for every socket.
ARCTURUS RADIO COMPANY
220 Elizabeth Ave., Newark, N. J.

Antenna
System
wiil improve

Set/
Your Radio
Few set owners realize
how important it is to have
a good antenna system. An
old, corroded antenna picks
up very little energy from
broadcasting stations, and
the receiver cannot work
properly. A Beldenamel
Aerial Kit assures an antenna system of high efficiency. Furthermore, it is
permanent, because a Beldenamel Aerial cannot
corrode.
Beldenamel Aerial
Bare Copper
Wire is protected
Aerial Wire
Corrodes
Rapidly
against
sion
corro-

ARCTURUS
A-C

long

life

TUBES

AmerTran

Other Belden Radio Products
Indoor Aerial Kits, Colorubber
Hookup Wire, Aerial Accessories, Battery Cords, Extension
Cords and many other items are
included in the Belden Line.
Ask your dealer to show you
the New Belden Loudspeaker
Extension Cord that is flat and
lies under the rug. No unsightly
wiring
the room. Does
not weararound
the rug.
Belden Manufacturing Co.
23I2-A S. Western Ave. • Chicago

Push-Pull Power Stage for Dynamic Speakers
For best results, every dynamic type output transformers (2.00 for working out of 2.10 type tubes or type 362.
speaker should be preceded by a pushpull amplifier. This is particularly for 171 type tubes). Both the 2.00
true because they reproduce frequen- and the 362. have the secondary decies as low as 30 cycles and the
signed for connecting directly to the
attendant hum from raw AC on the moving coil of the speakers. Comfilaments of power tubes is greatly
pletelysistances.
wired with
sockets forandcone
reAlso available
pronounced unless filtered out by a
type speakers and for both 2.10 and
push-pull amplifier.
171 tubes.
The AmerTran completely wired
Licensed under patents owned or
p-ush-pull power stage has been
specially designed for dynamic speak- controlled by RCA and may be
ers. Consists of type 151 input and bought with tubes.
Price complete (without tubes)
$36.00
(slightly higher west of Rocky Mountains)
Write us for hook-up of this remarkable instrument.
AMERICAN TRANSFORMER COMPANY
Transformer Builders for more than 28 years
287 Emmet Street, Newark, N. J.
Radio Broadcast.

December. 1928. Published
monthly.
XIV. class
No. 2.mail Published
at Garden Doran
City. N.& Company.
Y. Subscription
priceCity.
$4.00N. Y.a year.
Garden City,
N. Y.. Vol.
as second
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KNCOLN

8-80

JUST stop and analyze every Super on the market,
and compare it, point for point with the Lincoln
8-60. Where else can you find the new features which
have made the Lincoln 8-80 a tremendous success?
One Spot above 220 metersIntermediate stages perfectly matched, manually, while in operation.
Tremendous amplification through a new system
of intermediate coupling.
Perfect 10 K.C. separation with full power.
Absence of squeals or howls, caused by regeneration. (If regeneration was present in the least
degree, four screen-grid tubes could not be
operated without shielding).
Clough system of Audio Amplification registering
complete musical frequencies and giving 50%
more amplification.
Simple to build.

Compact in size.
Economical to operate.
Universal reports on the Lincoln 8-80 prove it to
be the most powerful receiver on the American
market, and at the same time the simplest,
lowest priced super you could build.
A WORD TO THE CUSTOM SET BUILDERS
You can out-demonstrate, out-perform any competitive equipment in your territory. You can pull in station after station in
every degree of the dial with perfect tone quality of your local
station. All this without a squeal, and only using a small part
of your available power, and at a price without competition. You
can convince your customer in one short demonstration.
The price of complete kit for the Lincoln 8-80 is $92.65,
Due to the new principles involved every 8-80 works exactly alike ,
and you can get the same results as our finest laboratory model.
If you want an evening full of straight-from-the-shoulder
super-heterodyne dope written by an engineer who has played
with every super going in the last few years, send 25 cents for
William II. Hollister's "Secret of the Super"*"* using the coupon
below.

LINCOLN

DO

ENGINEERING
SERVICE ON STANDARD
KITS
you candards of performance
buy the reallyset finer
standard
kits
—
those
that
have
come
up
stanby the Lincoln Laboratories at standard prices, toandthe atrigid
standard
KNOW
discounts if you are a professional setbuilder or dealer? The Lincoln Engineering Service means a lot. You have the assurance of factory inspection, plus Lincoln inspection
THAT
YOU
— and Lincoln offers you only complete kits that exhaustive tests have proved to be right —
and then fully guarantees each to you.
Order to-day for immediate shipment any of the following Lincoln-Guaranteed complete kits:
Sargent-Rayment Seven (S-M 710) kit . . .$120.00
Tyrman 80-super — less power pack
§134.50
S-M 720 Screen Grid Six
72.50
Tyrman 72 receiver kit
"98.50
S-M 720 Screen Grid Six— factory wired . . . 102.00
Tyrman 72AC, with power pack
153.50
1929 Laboratory Superheterodyne
95.70
H. F. L. Isotone 10- tube super
195.00
LINCOLN

329 SOUTH
Authorized Distributors for
Lincoln 8-80
WESTERN RADIO MFG. CO.
128 W. Lake St., Chicago
WALTER ROWAN CO.
833 Washington St., Chicago
ELECTRIC & RADIO SUPPLY
22 N. Franklin St., Chicago

RADIO
WOOD

ST.

—

CORPORATION
CHICAGO

LINCOLN RADIO CORP.
329 South Wood St., Chicago, IU.
Send me your big free catalog, listing a complete line of
1929 kits for custom building.
Enclosed find 25c, for which send me William H. Hollister's new book, "The Secret of the Super."

* ILLINOIS.
Authorized Distributors for
Lincoln 8-80
RADIO SUPPLY COMPANY
912 Broadway, Los Angeles
WHOLESALE RADIO SERVICE
6 Church St., New York City
CHICAGO RADIO APPARATUS
415 S. Dearborn St., Chicago
HORACE HILLS
533-39 Market St., San Francisco, Calif.
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"Without question the best receiving set of any type or description that we have ever demonstrated" — the above words of
F. W. McDonell, a well-known New York radio engineer, typify
the comments that stream in with the "station-on-every-channel"
logs made with the record-demolishing S-M 710 Sargent-Rayment
Seven. Using four of the most sensitive r.f. tubes made (screen-grid
'22's) — five tuned circuits each with its own shielding and vernier
knob — built with the complete S-M Clough audio system into an
assembly where neither space, quality, nor cost has been spared — no
wonder Japanese and Australian stations come in like locals on the
west coast, and California stations are "regular stuff" to New York City
dwellers. With such a kit, complete with beautiful aluminum cabinet,
priced at only $130.00 ($175.00 wired) — there is but one wise course —
get your order in now to your S-M Service Station or jobber!
720 Screen Grid Six
730 Round-t he- World Four
The new S-M 720 embodies in the most
The famous broadcast
"Thrill Band"
set — has
for
long-distance
reception;
perfect form the revolution that screengrid tubes have brought about in long- S-M Clough-audio-system tone quality —
distance reception. Three of these tubes splendid also for code. One screen-grid
R.F. stage,Coils
regenerative
in the R.F. stages, with shielded S-M coils, detector.
in kit tune(non-radiating)
from 17.4 to
bring in distant stations on the next 10 kc.
204 meters; S-M 131X Coil ($1.25) exchannel
to
powerful
locals!
The
new
S-M
tends range to 350 meters, and 13 1Y coil
255 and 256 transformers set a far higher
to 650 meters. Aluminum shieldstandard of tone quality than ever known ($1.50)
ing cabinet included with 730 KIT $51,
before. Custom-built complete in 700
cabinet, $102.00; complete fat, with or fully WIRED $66. Also with 731
pierced metal chassis and antique brass Adapterverting itto(plugs
conshort into
wave)ajiy
KIT receiver,
$36, WIRED
escutcheon but without cabinet, $72.50.
$46. 732 Essential Kit, $16.50.
700 Shielding Cabinet
B and ABC Power Supplies
Beautiful two-tone brown moire finish,
The 675ABC with an adapter allows a
with walnut finish wood base, $9.25.
UX210 or UX250 power tube to be used
740 Coast-to-Coast Four
in the lastsupplies
stage ofB any
receiver
powerradioat 425,
135, —90,to
A time-tested and famous circuit — one which22 itvolts;
also 22-90 variable. A and
R.F. stage, regenerative detector (non- and
C power are supplied to the power tube,
radiating)
and two A.F.finerstages
— combined
2% UX281
volts forrectifier.
A.C. tubes
with immeasurably
coils,
the high and
used. IV2Usesand one
Priceif
efficiency of the screen-grid tube, all the $58
WIRED, or $54 in KIT form.
gain of smooth-working regeneration, and
670ABC Power Supply has max. D
new S-M Ciough-system audios, make the voltage
of 180; otherwise similar to the
740 theWIRED
greatestinvalue
the fifty-dollar
Price, WIRED, $46; KIT $43.
class.
700 in
cabinet:
740 (for 675ABC.
670B
Supply for B power only,
D.C. tubes) $75; 740AC (A.C. tubes) $78. 180 voltsPower
and lower voltages as in
Kit less cabinet: 740, $51; 740 AC, $53. 675ABC: max.,
WIRED $43.50; KIT $40.50.
685 Public Address Amplifier
For coverage of crowds of 1,000 to 676 Dynamic Speaker Amplifier
A single-stage power amplifier, using
10,000 people, indoors or outdoors, with
250 type power tube and one 281
one to twelve loud-speakers, the 685 Pub- one
rectifier. Used with any receiver, as
lic Address Unipac furnishes unequalled atypethird
stage before a dynamic speaker,
tonal clearness. WIRED $160.00; or
give wonderfully improved volume
KIT, $125.00. Other Unipacs $81.50 to itandwilltone
quality, WIRED, $55; KIT $49.
$117.00.
If you build professionally, write us about the Service StaAre you
"The radio
Radiobuilder"
regularly?
Every issue S-M
describes new receiving
and interesting
developments.
To all Authorized
tion franchises. Or if you don't build, yet want your radio to
be custom-made,
Service Stations, it comes free of charge; to others a nominal charge is
S-M will gladly refer your inquiry to an
made*
Use
this
coupon.
Authorized
Silver-Marshall Service Station near you.
II
Silver-Marshall, Inc.
838 W . Jackson Blvd., Chicago, U. S. A.
....Please send me, free, the complete S-M
Catalog; also sample copy of The Radiobuilder.
For enclosed
in stamps, send me the
following
:
.... (50c) Next 12 issues of The Radiobuilder
($1.00) Next 25 issues of The Radiobuilder
S-MNo. DATA
follows, Power
at 2c Units
each:
1. 670B,SHEETS
670ABC asReservoir
. . . .No. 2. 685 Public Address Unipac
No.Wave
3. 730,
Sets 731. 732 " Round-the- World" Short
No.formers
4. 223, 225, 226, 255, 256, 251 Audio Trans. . . .No. 5. 720 Screen Grid Six Receiver
. . . .No.
740
"Coast-to-Coast"
Screen
No.6766.7. Dynamic
675ABC
High-Voltage
Power Grid
SupplyFourand
Speaker
Amplifier
.No. 98 678PD
Sargent-Rayment
No.
Phonograph Seven
Amplifier
1_

■ jT ONE of our cooperating distributors, whose
^\ announcement directly follows, joins us in
presenting a descriptive summary of some of the
outstanding receiver and amplifier values to be
found in the new S-M line.

SILVER- MARSHALL,
Inc.
838 West Jackson Blvd., Chicago, U. S. A.
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Listen-In.
on

London

with

the

Round -the World

Four

NOT with any ordinary radio receiver, of
course — the Atlanti : is too wide for regular
broadcast receivers to bring you London programs. But turn on your S-M "Round-theWorld" set some night. Don't be surprised if the
language you hear is a foreign one, or if the
announcer mentions "Paris" or "Amsterdam,"
or "London" instead of the cities you are accustomed tohear from. Call your neighbors to
listen if you want to — but be cautious about calling anyone who has already explored the mysterious short-wave channels with an S-M set —
your wonders might sound very tame to him.
Perhaps by this time he is only interested in
New Zealand and Japan! For in short-waves almost anything is possible; amazing feats of distant
reception are becoming a matter of common
knowledge. (See prices on opposite page).
True
P5

m
j ji

1

Tone Quality
from

"New S-M Audios
S-M Clough-system audio transformers are guaranteed unconditionally to give better tone quality than
others, with higher amplification, regardles ofsize, weight, or price. They
sell in tremendous quantities, by
simply comparing results with others
in the comparison amplifiers used in
S-M demonstrations at recent radio
shows.
The large-size transformers (S-M
225, 1st stage; and 226, 2nd stage) are
$9.00 each; the smaller ones (S-M 255
and 256) are $6.00 each. The above
guarantee applies to both sizes.

The new 2-stage S-M 678PD Phonograph Amplifier is
priced so low that, while particularly adapted for dance halls
and small theaters, it is ideal for the home also. Used with
any 110 volt D.C. dynamic speaker, it takes input from any
magnetic phonograph pickup, or from the detector tube of a
broadcast or short-wave receiver, and, by means of its S-M
Clough-system audio transformers, supplies to the speaker
nndistorted the full power output of its 250-type tube. All
input power is taken from the 110 volt A.C. house-lighting
mains. Price, wired, $73.00; complete kit, $69.00.
Or you can get 250-tube power right in your present set by
inserting a 250 tube (with an adapter) in the last socket of
the set, and using the S-M 675ABC Power Supply — which
furnishes ABC power for the 250, and B power to the entire
set (or full ABC power to A.C. tube sets). Price, 675ABC kit,
$54.00, or factory -wired, $58.00.
We carry a full line of
S-M Products: each of
the kits, amplifiers, and
power supplies listed on
the opposite page is a
specialty with us, and
can be shipped promptly
from stock. A new edition
of our catalog is just out;
it contains a splendid
shoiving of the finest
quality kits, parts, and
accessories to be found
anywhere. The coupon
will bring it to you, free.
MAXIMUM
DISCOUNTS TO
DEALERS

WES
128
WESTERN
RADIO MFG. CO.
Chicago,
III. St., Dept. SM-12
128 W. Lake
Western

Radio

Mfg.

Co.

"The Big Friendly Radio House"
128 W. Lake Street
Chicago, Illinois

1
Please send at once your new FREE catalog, listing S-M parts radio
and kits
as well as many other
highest-quality
products.
N.i
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OTHER

THINGS.

WITH this issue, we start the promised department for
radio service men. The service man is a most important
element in the present radio structure but for some reason or
other he has been inarticulate. We know that a great many
readers of Radio Broadcast are doing service work, either on
whole- or part-time and we hope that those who are doing this
work will write .us, telling of their problems, how they are being
solved, and of topics they would like to see discussed. Incidentally, the head of one of the largest New York organizations
specializing in this work, Mr. John S. Dunham, writes: that
although
he believes
service derive
articlesfararegreater
of realbenefit
value that
"the
average service
man could
by painsthorough study
Radio
Broadcast's
from the taking,
beginning
and theof very
excellent
series of Data
Home Sheets
Study
Sheets, recently inaugurated. From our own experience, we
believe that service men generally need to increase their basic
knowledge." With this, we agree, but we are certain that the
experiences of service men are of deep interest to others working
in the field. It certainly goes without saying that no service man
can really
do his work intelligently unless he has a thorough
9i
background
in fundamentals.
THE application of power amplifiers, microphones, movingcoil loud speakers and similar apparatus for so-called public or group-address work seems to be increasing rapidly. This development ias natural and fortunate one and in our opinion due
largely to the increasing appreciation of what good radio apparatus can do. The question which most frequently comes up
is not the simple one of how to connect or to operate the gear
but what power output is essential for a given service. Radio
Broadcast
Data question.
Sheets Nos. 245 and 246 in this issue discuss Laboratory
this interesting

E. Rhodes joined the staff
Mr. Howard
in 1926,
EARLY
and since that time, his excellent
Broadcast
of Radio
articles have added much to the interest and technical value of
our pages. The popular Laboratory Data Sheets are Mr.
Rhodes' work. We are pleased to announce that effective
November 1st, Mr. Rhodes was appointed Technical Editor of
this magazine.
THE current issue contains many articles on subjects of
great interest to many radio folk. Notable among these are
the following: the article on cutting and grinding quartz
crystals, the data on underground antennas in "Strays from the
Laboratory," the references to sources of information on sound
movies, the article on experimental band-pass filters, the discussion of moving-coil and "magnetic" type loud speakers,
Mr. Kruse's article on amateur experimenting and finally Boyd
ingenious
Phelps'izingdescription
which is foundof onhis page
123. work in television synchron-

the long-promised article
THE January issue will contain worth
waiting for. Conand is
l
on moving-coi
interesting receivers, and power amplifier
structional stories onspeakers
as well as more useful data for the experiunits arementerpromised
and service man.
— Willis Kingsley Wing.
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Old Sayville Station Returns to Limelight
Herman P. Miller, chief transmission engineer of the Federal Telegraph Company, is stationed at Sayville, Long Island,
for the purpose of reconditioning the once-famous radio transmitter which was built there by the Germans in 1912. This
station was taken over by the U. S. Navy during the World War and abandoned in 1925; however, it may soon be one of
the most powerful marine stations in the world. This interior view shows a portion of the transmitting equipment. The
remotely controlled switching apparatus is mounted on the large panel in the rear, on the left is the adjustable inductor
for tuning the counterpoise, and the variometer in the foreground is connected in the antenna circuit.
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FIG. i. A NATURAL QUARTZ CRYSTAL CUT IH FOUR PARTS
"OST radio experimenters are now familiar with the advantages of using a
quartz crystal to control a radiofrequency transmitter. Although many articles
have been written on the use of a crystal oscillator, the actual procedure of cutting a proper
plate from a crystal of quartz has received relatively little attention.
This article is concerned mainly with the
actual operations and calculations used in cutting
and grinding a quartz oscillator plate from a
quartz crystal. It should be noted that a quartzcrystal oscillator does its most reliable work when
certain factors are kept constant. These are
plate
filament
plate andof "tank"
circuitand
tuning,
and voltages,
most important
all, the
temperature of the crystal.
Assuming the tuning to remain fixed, when a
crystal temperature is maintained constant, the
ordinary plate and filament voltage variations
cause only small frequency changes in a crystalcontrolled circuit. The frequency of such a crystalcontrolled circuit varies about one five-hundredth
as much as that of a similar tuned grid-oscillator
circuit with the same plate and filament voltage
variations.
SELECTING THE RAW MATERIAL
A PERFECT quartz crystal is rare, but
fortunately a perfect crystal is not required
for an oscillator. There are a few simple tests for
determining the suitability of a quartz crystal,
which require only the unaided human eye. A
good quartz crystal may be rough and dirty on
the outside, but generally is clear inside when
viewed by the naked eye, showing no colors or
dark regions. It also must be free from bubbles
and cracks. Quartz is often cracked mechanically
during mining. This of course would make it
unsuitable for oscillator use, as a crack would
lengthen into a complete break.
The optic axis of the quartz crystal, so called
because of the unique optical effects obtained in
« this direction, is located parallel to the edges

formed by adjacent hexagonal crystal faces. It
is in the direction of the dimension W in Fig. 3.
For reference in cutting as well as convenience
in clamping, a crystal should have at least one
of its natural hexagonal faces present. An ordinary crystal has all six hexagonal faces, and a pyramidal point on one end. The end opposite the
point is generally full of flaws and is broken off
in mining. Fig. 1 on this page shows a
natural quartz crystal, with the first three cuts
made for crystal oscillators. The left section
contains the point, and is of a quality suitable for
oscillator use. The right-hand section is full of

GR Y ST A L-CON TROLLED transmitting
stations are rapidly becoming the rule
rather than the exception. The new amateur
bands which become effective in iq2Q, and
the insistent demand for greater frequency
stabilisation among broadcasting stations,
make it imperative that transmitters use
quartz plates which will hold the frequency
of the station within very close limits. These
plates must be sawed from quart; crystals,
and then ground to the desired thickness.
This article, by R. C. Hitchcock, of the
IVestinghouse Electric & Mfg. Co., gives
the details of the modern technique of crystal
grinding, and should appeal to amateurs
and broadcast station engineers
— The alike.
Editor.
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bubbles and other flaws which make it unsuitable
for an oscillator.
Although the pyramid at the point of a quartz
crystal is bounded by true planes, the hexagonal
sides are seldom planes, their faces more often
showing striations. These striations resemble
steps, the crystal cross-section being gradually
made smaller by these definite steps in the direc-

tion of the point. Striations are sometimes closer
than tV inch and quite deep, and others may be
over an inch apart and so shallow that the
crystal
them. must be examined closely to distinguish
The striations, if they are present, are useful
as reference marks, as the first cuts are to be
made in exactly the direction of the striations,
that is, perpendicular to the hexagonal faces of
the crystal.
The usual specifications for a good quartz
crystal, or rock crystal, for oscillator cutting are
that it should be free from twinning, have no
flaws, and be of optical quality. It is true that
sometimes a crystal plate is a satisfactory oscillator while all the other properties mentioned above
are lacking. But in general, until one has had
experience and is willing to risk cutting plates
with the certainty that some will not oscillate, .
the best recommendation is that the proper
quartz crystal be secured from a reputable dealer
in minerals.
The cost of a quartz crystal depends on its size
and quality. For the quality specified above ihe
usual price is about five dollars a pound. A crystal
2j" across the hexagonal flats, and 3" over all
in length, weighs about a pound. For larger
crystals the price per pound increases. Clear
quartz crystals having dimensions all less than
one inch are quite cheap, but are not large enough
for quartz oscillators. These tiny crystals can
be used in fused quartz work and for ceramic
glazes, and are sold for a few cents a pound.
CUTTING QUARTZ
QUARTZ
and some
form for
of
machine isfor very
cuttinghard
is advised,
although
grinding quite satisfactory work may be done by
hand. Fig. 2 shows how an inexpensive polishing
head may be arranged for cutting a quartz
crystal. A lathe could also be used for this work,
but special precautions would have to be taken
to prevent the grinding compound from ruining
the bearings and the ways.
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FIG. 2
A copper or brass disc iV thick and 6" to 8"
in diameter revolves in a pan nearly filled with
No. 150 carborundum and water. More of this
cutting compound has to be added as the cutting
progresses, as a good deal of the material splashes
out. Shields should be placed to prevent the
spattering of walls and floors if the cutting apparatus isset up at home. A splash guard should
also be provided as shown in Fig. 2, and a ring,
R, put on the shaft to prevent the compound
from working into the bearings. During cutting,
the compound in the pan should be stirred so
that the carborundum is kept in suspension.
The crystal is bolted to a hinged piece as shown
in the figure. A thin wooden block is placed on
top of the crystal so that the crystal will be cut
clear through before the cutting wheel reaches
the hinged piece. The cutting speed should be
250 r. p. m. or slower. If an 1800 r. p. m. motor
is used, the pulley on the polishing head should
be 1800/250 = 7.2 times as large as that on
the motor. A motor of \ h. p. is about the right
size when the crystal rests on the cutting wheel
of its own weight, as shown in Fig. 2. About
twenty minutes will be taken to cut through a
two-inch crystal. If a weight is added to the
crystal to make it feed faster, a more powerful
motor will be required.
As shown in the picture in Fig. 1, the
first cuts are to be made perpendicular to the
crystal's hexagonal faces, and the section cut will
be a right prism. These cuts should be 1 .25" apart
so that the finished size can be made 1.10" or
28 mm. This width dimension is called W in
Fig- 3METHODS
OF SLICING QUARTZ CRYSTALS
TWO methods of slicing an oscillator crystal
from the right prism are shown in Fig. 3.
The original method, given in 1880 by the Curies,
is still used for all low-frequency crystals, and
sometimes for high radio-frequency crystals.
This is shown as Method 2. For frequencies higher
than 600 kc. (less than 500 meters wavelength) a
Method 1 crystal controls more power, is easier
to make oscillate, and uses less quartz. For a
given frequency a Method 1 crystal is about
two-thirds as thick as a Method 2 crystal.
Fig. 3 shows clearly how the slices are made;
a Method 1 plate has its faces parallel with the
crystal hexagonal faces; a Method 2 plate has its
faces at right angles to these faces. The dimensions L and W are not critical but good results
will be obtained if L is about 1" or 25 mm, W
being about 1.10 inch, or 28 mm.
The quartz prism is bolted to the hinged piece
and slices made according to Method 1 or 2 are
cut. The cutting disc wastes material and does
not cut squarely, so a larger slab should be cut
than is needed for the actual crystal size. For
frequencies
above 600 kc. a slice \" to \" thick
should be made.
The edges of the L and W dimension are

ground square, then beveled so that the crystal
will not crack along the edges while the flat surfaces are being ground.
The distance T is the oscillating dimension
and Fig. 5 gives the value of T for frequencies
between 600 and 4000 kc. The frequency and
wavelength are given in the left column, and the
oscillating dimension in both millimeters and
inches is given in the right column. The short
center column is a constant K, called the " meters
per millimeter," meaning that for each millimeter of a quartz oscillator there is a definite
electromagnetic wavelength. The larger T is, the
longer is the wavelength, X, the relation being
X = K T
(1)
The "meters per millimeter." or K, is found by

FIG. 3 METHOD Z.

dividing both sides of equation (1) by T, so that
X
meters _ ^
(2)
millimeter
For Method 1, K varies from 140 to 150 meters
per millimeter, while for Method 2, K is 100 to
1 10 meters per millimeter.
To use Fig. 4, line up the frequency at the
left column, with K in the center column, finding
T in the right hand column.
To be on the safe side, it is best to use the
smaller value of K for preliminary work so that
the crystal will be thick enough to allow for a
final adjustment. For precision better than 10
per cent, a wavemeter or some source of standard
frequency should be used. Fig. 5 gives only
apT=
proximate values of T. A more exact method
of
figuring T and how to find the proper K for a
given piece of quartz will now be given.
CALCULATING K FOR A CRYSTAL
(~\
V,£__UARTZ
as notedcrystals
above, have
and different
the only values
sure wayof K,
to
know the frequency is to measure it. However, a
fair determination of K can be made for a given
crystal, if the frequency is measured. Suppose a
Method 1 crystal for 1800 kc. is wanted, and
the value of 140 meters per millimeter for K is
used. This shows T to be 1.19 mm. When T is
ground to 1.19 mm. the frequency is measured to
be 1760 kc. sec. Using equation (4), to be derived
later, it will be found that the correct K for this
piece of quartz is.
300,000
300,000
143 meters
T F
1. 19 x 1760 millimeters
K=

1928

Putting this value of K in equation (4), the
correct T is
1 .166 millimeters
300,000 300,000
K F
'43 x 1800

Crystal — jggl

Catting Wheel
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The thickness measurement is used for convenience ingrinding, and is not as reliable as a
measurement of the frequency. The final adjustment of a crystal for frequency should be made
with a wavemeter or some known standard of
frequency.
For testing, the oscillator circuit of Fig. 4 is
suggested. A 10,000-ohm wire-wound resistor
and C battery provide grid bias. The use of a
grid choke coil should be discouraged; a good
crystal does not need it, and a crystal which will
not oscillate without a choke should not be depended on for control. At 1000 kc. over 50 watts
can be obtained from a single crystal-controlled
tube using only a grid resistor, and no grid
choke. For power work, from 20 to 50 watts, the
crystal must be kept at a fairly low working temperature to prevent overheating.
For frequencies below the broadcast band, and
as low as 25 kc. / sec, crystals are cut by Method
2, oscillating along the L dimension ,T being from
2 to 4 mm. K has the same meaning for these
low frequencies as for the regular Method 2
crystals oscillating in the T dimension.
NECESSARY PLANENESS OF CRYSTAL PLATES.
THE faces of an oscillator plate should be as
nearly flat and parallel as possible. That is,
T should be the same throughout the crystal in
order to have the whole crystal oscillating usefully as a unit. Tests have shown that the best
crystals have variations ~in~ T such that the corc are not more
responding natural frequencies
than .5 kc. different. For instance, a 1000-kc.
crystal may have thicknesses corresponding to
frequencies ranging from 999.75 to 1000.25 kc.
This makes it necessary to grind a high-frequency
crystal very accurately plane and faces parallel,
the accuracy required increasing as the square
of the frequency.
If X is the wavelength in meters, and F the
frequency in kc. sec, the well-known relation is
_ 300,000
(3)
r
Eliminating X between equations (1) and (3).
.„
300,000
^
300,000 (4)
K r
KT = j r
' or, T = 1L1j—
w
To find the relation between small changes in
T and F, equation (4)
is differentiated, giving
-300.000
dT
For frequencies from 600 to 4000 kc. the
curves of Fig. 6 give the thickness variation, dT,
for a frequency variation dF = .5 kc. To take
a particular case, a Method 1 crystal of 3000 kc.
should have a thickness variation of only 8.5 ten
ten thousandths of a millimeter, or 3.3 hundred
thousandths of an inch, if the .5-kc. variation is
allowed. From Fig. 6 it will be seen that Method
1 crystals must have only two thirds as much
thickness variation as Method 2 crystals of the
same frequency. This offsets to some extent the

FIG. 4
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possible to prevent getting
grease on it from the fingers.
For the first stages of
INCHE5
grinding an ordinary piece
of glass is flat enough. First
use No. 150 carborundum,
then 302I and 303J emery.
Pour the powder upon the
6.0 — _
glass, adding a few drops of
water, and mix it with the
KC/5EC
powder to make a grinding
paste. Move the crystal plate
around in circles, holding it
•3,000
with the finger tips. If desired,
the crystal may be fastened
to a block of metal with low
.1
melting wax, and the metal
block held by hand.
5.03t0
During
grinding
thickK
4.0- ness should
be the
measured
— .07
from time to time; be careMETERS
.09
2,000
ful not to grind down the
edges too far. If a certain
PER
spot is too high, a small brass
MILLIMETER
.08
-1,500
piece charged with the grindcompound
rubbedingover
it. should be
When approximately the
right thickness by micro.06
100meter, a crystal should be
tried in its circuit and the fre-1,000
150quency measured. If the
.05
frequency is much too low, a
new
calculation
of T should
—
2.0- .04.03
be made, as already men750
tioned.
Sometimes a crystal jumps
1.5abruptly to a higher frequency
during grinding, just before
T^HE thickness grinding
400the calculated thickness is
* may be done by hand,
FIG. 5
reached. This does not neces500-E
using a micrometer to mea600
sarily mean that this crystal
sure the thickness. Crystal
plates should be ground with
is useless, as often the frequency will jump lower by
their faces oriented as nearly
500
as possible like the plate
grinding
either L or W a
3
00-its different crystals, and has to be determined for little,
1.0- of the order of 0.020 inch. If a crystal
shown in Fig. 3. However, if a crystal 6has
refuses to oscillate when thin, although it
faces quite accurat
«0 ely parallel, a change of a few each one by a frequency measurement, the im.9degrees in having the crystal
portant
thing
is
to
have
the
faces
parallel.
oscillated
well when thicker, this is due to ir0£
Gasoline or benzol should be kept handy to
regularities inthe T dimension, and a grinding
111
bj plate line up with the one
shown in-FFig. 3 is not serious
off of the high spots will cause the crystal to
clean the grinding compound from the crystal
oscillate.
except as it changes the value
before measuring or testing in a circuit. After
.3When using a micrometer as the sole means
z of K. As this factor varies for cleaning, a crystal should be handled as little as
of testing a crystal plate thickness the plate
600
I-■
500
often deviates from a plane, the reason being
that a hollow- on one side and a high spot on
700
400
.7
the side corresponding
can not be detected by
800 H
■
an
ordinary
micrometer. W hen grinding very
\
900
thin crystals this is especially likely to happen,
1000
300
and often prevents the oscillation of an otherwise satisfactory crystal plate. One remedy is
to use a metal straight edge as a reference
200
u
in keeping the crystal plate flat and free from
.r
high or low spots. The crystal is held up to the
light, and the straight edge moved slowly over
20OO
the surface. The high spots will be seen to
touch the straight edge, and cracks of light
will indicate low portions.
100
3000
Polishing with rouge may be done with a
90
leather surface, but if the thickness is nearly as
INCHES 5in good as the 0.5 kc. variation of Fig. 6 gives, no
4000
60
ino
o
§
o
great increase in power or other advantage will
o
o
o
o© be gained by polishing the faces of the quartz
8
8
8
r
8 8
1 1 1 1 l 1 l 1
crystal.
It has been shown that high-frequency crystals
1
1 1 1 1 1 1 1 1 1 1 1 1 1— r
\9 t— <D § i MILLIMETERS
must be very accurately flat and parallel. The
s
oo
OOO
o
o
o p.
o
grinding of the thickness is by far the most im©
portant item of the whole operation of grinding
ALLOWABLE
THICKNESS VARIATION fdT) FOR.
a crystal. A few hours spent in careful and painstaking work in grinding the thickness will be
A FREQUENCY
VARIATION (dF) =.5 KC/SEC
repaid by the successful operation of the quartz
oscillator crystal plate.
FIG. 6
advantage of using less quartz
for the Method 1 crystal.
However, the advantage of
greater power still favors the
Method 1 plate.
Accuracy as great as given
above is impossible by ordinary grinding but indicates
the desired goal. Crystals
with thickness variations METERS
twenty times as great as
80 — 1—
given by Fig. 6 are often good
enough, even though their
frequencies are 10 kc. different at various points. If a
9 0—
crystal is ground with two
frequencies nearly the same
100— for instance, one half the
crystal at 1000.0 kc. and the
other half at 1000.5 kc. — an
audible beat note of .5 kc.
will probably be produced
and the crystal will not be
150satisfactory for control. This
will not occur if the two
thicknesses are irregularly
spaced over the whole
crystal.
For very high frequencies,
200due to the difficulty in making crystals plane enough,
it is recommended that a
tow-frequency crystal be used
in a circuit whose harmonics
are amplified to obtain the
300desired high frequency.
GRINDING QUARTZ

MM

honograph-Radio
Amplifiers
HOWARD
E. RHODES
Technical Editor

THERE is a natural link between the phonograph and the radio, for they both constitute means of bringing entertainment into
the home. In a sense neither is quite complete
without the other and both may be combined
advantageously into a single instrument. There
are many commercial examples of this — Victor,
Columbia, etc. — with which the reader is probably familiar. From a small but carefully selected group of records one can obtain a great
deal of pleasure, and, when the radio program becomes tiresome (as it frequently does), it is convenient to be able to turn on the phonograph
and listen to one's favorite selection. The pictures
in this article illustrate some apparatus, both
home-constructed and manufactured, that can
be utilized readily in assembling a phonographradio combination.
What apparatus do we need? For the radio set
we require a tuner with which we may select
and detect the radio signal, an audio amplifier,
and finally a loud speaker. For the phonograph
we require an electrical pick-up unit an audio amplifier and a loud speaker. The audio
amplifier and loud speaker may be arranged so
that they may be used interchangeably with
either the radio or the phonograph; these two
sections will differ, therefore, only in the first
part, a tuner being used for radio and an electrical pick-up for the phonograph. This article
is devoted to a description of an amplifier and
loud speaker combination designed to fit into the
lower compartment of a cabinet which also contains space for a radio receiver; located in the top
of the cabinet is a phonograph turntable. All
of the apparatus may, of course, be light-socket
operated. The choice of apparatus should be
limited only to the extent that good parts must
be used. The apparatus can be arranged in any
fashion suiting the desires of the individual constructing the set.
The picture. Fig. i, is typical and shows the

installation of an audio
amplifier in the bottom
compartment of a cabinet designed to house a
phonograph and radio.
The loud speaker is
placed on the baseboard
on which the audio amplifier was constructed.
The inside of the cabinet has been lined with a
layer of porous material
so as to prevent to some
extent cabinet resonance
which tends to make
some loud speakers
boom at the low frequencies. The blank
space at the upper part
of the cabinet is for the
radio tuner; we have
not shown a receiver in FIG. I. THE PLATTER PHONOGRAPH-RADIO CABINET WITH AN
this position because we AMPLIFIER AND REPRODUCER IN THE LOWER COMPARTMENT
wish to make it quite
evident that any good tuner may be used, be it to improve the final appearance of the instrument.
tuned r.f., superheterodyne or any other type.
The lid on the cabinet, shown in a slightly
The amplifier, shown in Fig. 2, constructed in
the laboratory to give the reader an idea of the
opened position, closes down on the compartment holding the phonograph turntable. There is kind of apparatus which may be utilized (any
ample room in this compartment to permit plac- good amplifier may, of course, be used), employs
ing the electrical pick-up in the correct position an a. c. -operated two-stage transformer-coupled
relative to the turntable.
circuit. A 227-type tube is used in the first
In front of the loud speaker is placed a baffle- stage and a 250-type power tube in the outboard shown in the picture lying against the left
put stage. The output of this tube — about 4.5
door. This baffle should preferably be con- watts — is more than enough for all purposes.
structed ofa piece of board about I or 1 J inches
LIST OF PARTS
thick of such dimensions as to fit into the opening in the cabinet. To hold the baffleboard in THE circuit diagram of this amplifier is
place it may be screwed to the front of the basegiven in Fig. 3, and those who have had
board on which the amplifier is constructed.
experience in the home construction of such
There is supplied with this cabinet a decorative
units will obtain the information they require
screen which fits in front of the baffle and helps from the circuit diagram and the pictures. Those
who haven't had such experience will do better,
we feel, to buy a complete amplifier or a complete
kit of parts, which can be assembled very easily.
The parts used in the amplifier are listed below.
Other makes of parts electrically equivalent
may, of course, be used.
The following is a list of the apparatus used
in the power amplifier constructed in Radio
Broadcast's Laboratory:
Ci, C2, C3, C4 Four Acme Parvolt by-pass condensers, i-mfd., 400-volts;
C5,mfd.
C6 Two
Acme Parvolt filter condensers, 21 000- volt;
600volts;
C7 One Acme Parvolt filter condenser, 4-mfd.,
Cg,densers,
C9, C10, i-mfd.
Cu Four
Acme Parvolt by-pass con- '
400-volt;
L One
ohm; dial light, 5-volt;
Li,30-henry
L» Two ; Samson filter choke coils, type-312,
Ri, One Ward Leonard fixed resistors, 5000R3 One Ward Leonard fixed resistor, 2000-ohm;
R2 ohm,
One type
Polymet
G-1303;metallized grid leak, 25,000-

FIG. 2. THE

PHONOGRAPH-RADIO AMPLIFIER CONSTRUCTED BY THE WRITER

R4 One Ward Leonard resistor, 5000-ohm;
Rs One Polymet metallized grid leak, 25,000ohm, type G-1303;
R6 One Polymet wire-wound resistor, 1 500-ohm,
type, W-1702;
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R7 One Electrad Truvolt resistor, 50-ohm,
The B-supply unit for the amplifier
type V-50;
is conventional, consisting of two 281Rs One Electrad Truvolt resistor, 10-ohm,
type tubes in a full-wave rectifier systype V-10;
^frequency characteristic of not
tem. In series with the output of the
.using filtering ingTid and plate .
R9 One Ward Leonard resistance bank,
rectifier
is placed a small 5-volt flash. supply to tubes .
type 507-6;
light bulb, L. If a short circuit occurs in
Rio One Centralab power potentiometer,
the filter system, or at any other point
175-ohm, type PF-175;
in
the circuit, the current through this
5000
10,000
Ti, T2, Two Sangamo audio transformers,
CYCLES PER SECOND
lamp
will increase sufficiently to burn it
type A;
out,
thereby
protecting all the apparatus
FIG. 4. RESPONSE CURVE OF THE AMPLIFI ER
T3 One National filament-lighting transfrom
damage.
former;
DESCRIBED IN THIS ARTICLE
The excellent frequency characteristics
T4 One General Radio power transformer,
of this amplifier are indicated by the solid
type 565-B;
T5 One General Radio loud-speaker filter, type for the audio-frequency currents, these currents
curve in Fig. 4. To give an idea of the importance of the various filter circuits, mentioned
587-B;
being kept out of the B-supply unit by the
Three Benjamin sockets, ux-type;
resistor Ri. Filter systems, consisting of resistors in a previous paragraph, we have also shown
One Benjamin socket, uv-type;
and by-pass condensers, are used in the grid in dotted lines the frequency-characteristic
Belden Hook-up wire;
and plate circuits of the 227-type tube, and also curve of this amplifier without the filters. The
Eight Eby binding posts;
in the grid circuit of the 250-type tube, for the importance of such filtering is obvious.
One Platter orthophonic cabinet, type PRThe home experimenter who likes to construct
The following tubes are required:
purpose of keeping all of the audio-frequency
currents out of the B supply. The filter in the his own gear may desire to build such an ampliOne power tube, 250-type;
918.
fier as we have described, but the professional
Two rectifier tubes, 281 -type;
grid circuit of the 227-type tube consists of
One tube, 227-type.
R2, C2, the plate-circuit filter is R4, C3 and the set builder who has or hopes to get some orders
grid-circuit filter of the 250-type tube is R6, d. for the construction of a phonograph-radio
combination can do the job more quickly by buyThe input to the amplifier is through leads The output of the amplifier feeds into the chokeNos. 1 and 2 which form a complete c ircuit condenser unit T5.
ing akit of parts or a completely wired amplifier.

FIG. 5. A GROUP OF AMPLIFIERS SUITABLE FOR USE IN PHONOGRAPH RADIO COMBINATIONS
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necessary A, and B voltages to both the amplifier and the radio-tuner unit.
A large number of special amplifiers which,
in some cases, may be adapted to phonographradio combinations, are also made by many manufacturers, including those mentioned in Table 1.
As an example we might consider the installation of power-amplifier equipment in a hotel.
In such a case one would require one or more
amplifiers arranged in the form of a group, each
amplifier supplying a certain portion of the
power for the loud speakers. The utility of such
an installation is, of course, increased if it is
arranged so that music from either radio stations or phonograph records can be transmitted
throughout the system. When this arrangement
is employed it is necessary to connect the input
posts of all the amplifiers to the same set of
terminals, and a switching system is needed to
connect either the output of a radio receiver or
the output of a phonograph pick-up to these
terminals. Any readers interested in the details
of such amplifiers will do well to write the
manufacturers mentioned in this article for
complete descriptions of this equipment.
An excellent power amplifier which, unfortunately, isnot illustrated in this article, is the
Amertran type 2-ap. This is a complete twostage transformer-coupled amplifier, the output
stage being push-pull. Either 171- or 210-type
tubes may be used in the push-pull stage and
the first audio amplifier tube may be either a
227- or a standard 20iA-type tube.

FIG. 3. SCHEMATIC DIAGRAM OF THE WRITER S AMPLIFIER
Many such amplifiers are made — several are
illustrated here — and a list of a few of the best
units, with their characteristics, is given in
Table 1.
COMMERCIAL

Table I — Data on Power Amplifier Units and Kits
Manufacturer

Type
No.

Silver-Marshall

682-250

Silver-Marshall

682-210

Silver-Marshall

678-PD

POWER AMPLIFIERS

IN FIG. 5 are illustrated two Silver-Marshall
* "Unipacs;" both of them satisfactory for use
in a phonograph-radio combination. Data on
these and other S-M. amplifiers is given in
Table 1. As indicated, these amplifiers may be
obtained either completely wired or in kit form.
The 678-PD amplifier is especially interesting in
connection with this article since the circuit is
arranged so that the field of the dynamic loud
speaker acts as the filter choke and is energized
by the d.c. current flowing through the filter
circuit. This amplifier, with its 250-type output
tube is capable of supplying up to 4.5 watts of
undistorted audio-frequency power, to the loud
speaker.
In Fig. 5 are illustrated also some of the power
amplifiers made by the Samson Electric Company, which may be used in constructing a
phonograph-radio combination, or any other
unit from which high-quality reproduction may
be desired. Data on the various models are
given in Table 1. It will be noted that the
amplifier PAM-17 is similar to the PAM-16 except that it supplies field current for a dynamic
loud speaker. The type pac-2 amplifier should
be used where the unit is also to supply B voltages for the radio tuner. This amplifier, it wil! be
noted, also supplies a C voltage of minus 4§ volts
which may be used to bias the grids of the r.f.
tubes in the receiving set.
The National Company also makes a power
amplifier that may be used. This amplifier is also
illustrated in Fig. 5, and Table 1 gives complete
data on the various models. Model 8110 is a
complete power amplifier and B-supply unit, but
the Push-Pull amplifier does not contain any
power supply and, therefore, must be used with
a separate power unit designed to supply the
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Prices
Kit

Wired

$96.50

$111.50

$102
$66

Samson

Samson

PAM-17

American Trans
former Co.

45, 90, 135

1.5, 2.25

None

None

None

None
45, 90, 135

None
1.5, 2.5

$175
None

8110

8050
Pull
Pushplifier
2-APAm-

None

$125

$85
National

1.5, 2.25

$125
PAC-2

National

45, 90, 135

$73

PAM-16

Samson

National

$117

VoltagesReceiver
Available for
A. C.
B Voltages Voltages

$75

45, 67
(adjustable)
45, 67
(adjustable)
None

None
None

None

None

$40

$60

Description of Amplifier
Two-stage
transformer-coupled.
226 in first
stage and one 210
or 250fiersinare output
two 281stage.
tubes.RectiAn
874
glow
tube
is
used.
Same as 682-250 except that
output
push-pull.
Either 210stage
or 250is tubes
may
be used.
Two-stage
226 in transformer-coupled.
first stage and one
250 tube in output stage.
Rectifier is one 281 tube. This
model supplies current for
field speaker.
excitation of a dynamic
loud
Two-stage transformer-coupled.
227
in pull
first stage
and 210's
in
push
output
Rectifier
isinone
281 stage.
tube.
This model supplies current
to the field winding of a
dynamic loud speaker.
Same as pam-17 except that no
provision is made for supplythe field of a dynamic
loud ingspeaker.
Two-stage transformer-coupled.
227
in first stageoutput
and 210's in
push
Rectifierpullis in
one 281 tube.stage.
An
874 glow tube is used. This
modelC bias.
also supplies a — 4.5
volt
Three-stage resistance-coupled.
Uses one 210 power tube in
output
stage.
281 tube.
OneRectifier
201a andis one
one
240
stages.are used in the first two
Same as type 8110 except that
the output tube is a 250 and
the rectifier is a type 280 tube.
This unit is a two-stage transformer-coupled
amusing type
210 push-pull
or does
250
tubes
inplifierthe
not contain
aoutput.
power Itsupply
and must therefore be used
with
a separate
the National
Typeunit250.such as
Two- stage transformer-coupled.
Either a227-or20lA-type tube
in210-type
the firsttubes
stage inandthe171aoutputor
stage
which isa push-pull.
It does
not contain
power supply
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IT IS the privilege of all men to consider the
age in which they live as the zenith of human
progress. In our little world of radio, the
last decade has been a kaleidoscope of evolution
and to-day we stand at the brink of a titanic
realignment of the communication and entertainment worlds, with the versatile vacuum
tube as its cornerstone. We cannot escape the
conclusion that this decade will prove the most
significant in the history of the stage, the screen,
the phonograph, and the broadcasting industry.
Radio has grown from a humble sideline of
the electrical industry and a pursuit of the former
amateur experimenter, who refused to abandon
his hobby, to the position of key industry of the
entertainment world. The application of vacuum
cube amplification to practically every phase of
aural and visual entertainment promises to make
broadcast reception only one phase of the manysided business which will constitute the radio
industry of the future.
Five years ago, the prostrate phonograph
industry was revitalized by adopting the methods of the broadcast studio in recording and the
audio system of the radio receiver for reproduction. More recently, the motion-picture industry,
by an almost identical process, has incorporated
sound entertainment as an integral part of
screen reproduction and is, in consequence, enjoying an amazing revival.
Slowly but surely, drama, concert, vaudeville,
motion pictures, phonograph, and broadcasting
are being drawn into the vortex to form a huge,
unified entertainment business, destined to
reach staggering proportions in volume of business and to achieve undreamed of heights in the
character of entertainment and education which
it brings to the home. By this
process, also, the economic
problems of broadcasting will
be solved definitely and the
spasmodic character of production inthe industry significantly readjusted.
SOME PREVIOUS PREDICTIONS
|N THE January "March of
1 Radio," we ventured some
predictions as to an ultimate
home-entertainment machine,
comprising broadcast receiver,
phonograph reproducer, radio
picture recorder, film projector
and, some day, television reproducer. Nebulous as this
conception then appeared, it
seemed to us inevitable because
of the natural technical and
artistic alliance of these once
separated fields. In June, we
were able to chronicle the first
practical step in this direction,
the rumored merger of the
Radio Corporation of America
and the Victor Talking Machine Company. To-day, all
the important phonograph companies are in the radio business.
Concurrently, came the talk-
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ing-movie boom, utilizing many of the inventions developed for radio.^More recent developments are providing the structure for the actual
manufacture of such a device.
The principal motion-picture producers are
licensed already by the Bell System to use one
or both of their two methods of sound synchronized film systems. Vitaphone uses phonograph
records mechanically synchronized with the
film; Movietone records sound impressions
directly on the edge of the film by means of a
light shutter system. These light impressions are
converted into sound at the motion-picture
theatre by passing light through the sound track,
upon a photo-electric cell.
The R. C. A. more recently entered the field
by exploiting a system developed by the General
Electric Company, using the oscillograph principle to make the sound record on the film. Having
entered the field later, there are, as yet, only a
few Photophone licensees, as the R. C. A. system
is termed, but with the prospective alliance with
the Keith-Albee-Orpheum circuits and the Film
Booking Offices of America, a huge number of
theatre installations by Photophone are in prospect. Several other systems are soon to appear.
Acute shortage of equipment exists and there is
a feverish rush to speed theatre installations for
the reproduction of sound pictures.
At the present time, the R. C. A. and the Bell
System are in competition in the sound-picture
field. If the precedent of broadcasting is followed,
a combination of these rival interests will be
effected ultimately. Five years ago, the Bell
System laid the foundations for the National
Broadcasting Company by operating the first
chain of stations with weaf as the key, while the
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Radio Corporation and its associates maintained
wjz as the competing key station to a chain
connected through telegraph lines. Intense
competition proved uneconomic, with the result
that the National Broadcasting Company was
formed as a merger of the two systems.
UNIFICATION INCREASES EFFICIENCY

JI7ROM the standpoint of efficient and eco' nomic operation, unification of broadcast
studio management, concert bureau direction,
recording of musical accompaniment for sound
pictures, phonograph recording and vaudeville
management is a natural alliance. The operation
of broadcast input amplifiers, of electrically
operated devices for phonograph recording and
of sound-film recording devices, as well as of
reproducing equipment in theatres and public
address systems, is technically similar. Nothing
could be more natural and logical than the
merger of these activities.
There are, however, some practical obstacles
to the joining of so many forces. Political sentiment isagainst the concentration in a single hand
of so many potent means of influencing public
opinion as are presented by broadcasting and
motion pictures. The leaders in the radio field
have, at no time, been in greater need of unified
public support and of intelligent management of
their public relations. The very fact that all the
prospective mergers are announced as being
only in the negotiation stage is recognition of the
need for public approval in advance of actual
consummation.
The principle of unification and concentration
in industry is founded upon efficiency in public
service. So long as the policies of huge corporations are directed with impartiality, we not only tolerate,
but encourage the unification
of such important agencies of
general welfare as the telephone
service. Likewise, we may look
forward to centralization of
broadcasting, motion pictures,
phonograph
recording
and ultimately television,
provided
that
service to every element of the
public, every taste, every strata
of society, and every shade of
religious and political belief is
considered in proportion to
their needs. The actual completion of such mergings may
have to await additional legal
safeguards but, more likely
than not, the immense detail
of negotiation is the only immediate problem to be met.
The merger of radio, phonograph, and theatre interests by
a leading group of the industry
will, undoubtedly, result in
NEW SUPER-DIRECTIONAL HORN
similar alliances on the part of
The huge loud speaker illustrated above was developed by the Victor Talking Machine
the other radio manufacturers.
Company, Camden, N . J., and was designed to have marked directional characteristics.
There can be no practical
The horn is used to remove the hazards of landing dirigibles by providing a means of
communicating directly with the ship while it is in the air. Successful results have monopoly of any artistic effort
been obtained in tests with the U. Victor
S. Navybuilding.
Dirigible J-4 flying at 1500 feet over the and, undoubtedly, in the prospectively combined fields, we
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will see competition of a character similar
to that now applying in our more limited
radio spectrum. The Radio Corporation activities, itappears to us, are only an example
which will be followed by the entire industry in
time. We also regard it as likely that, although
patents may be an important part in the Radio
Corporation structure, by the use of alternative
methods or by licensing, a competitive field will
be built up.
RESULTS OF UNIFICATION
TO THE radio manufacturer, the combination of these now separated industries
promises an immensely increased volume of business and less seasonal fluctuation in production.
To the home user of radio equipment, it will
offer a more versatile source of entertainment
of both aural and visual character. To the artist,
it means greater opportunity to participate in a
much wider range of activity, instead of restriction to a single field of entertainment, such as
recording, radio, screen, or theatre. The unit of
sale in radio equipment will rise manyfold, and
a billion dollar industry will soon appear. Every
element of the industry will enjoy greater prosperity, proportionate to the greater diversity
and service which it renders.
WGY

Protests New Allocation Plan

vociferous objections to the
THE most
allocation plan have been advanced by
wgy, which has been allotted a "daytime
which it may use up to the point
only" channel, res
with kgo. Under the Comthat it interfe
mission's definition of sunset, this is three hours
after sunset in the East, limiting wgy to transmissions up to about eight p. m. in winter and
nearly eleven p. m. in summer. If kgo stands by
for one hour after sunset, wgy gains most of the
important hours when it serves its more distant
listeners. The Commission points out, in answer
protests, that the First Zone, and
to wgy's
particularly New York State, has more than its
share of powerful stations and that there is one
station of 30,000 watts and one of 50,000 watts
within a hundred and fifty miles of wgy. Certainly, if the principle of equitable division
among zones and subdivision of zone quotas
according to states by population is to be ob-
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served, there must be time sharing of one form or
another on the part of at least one of the powerful stations in the First Zone with a station in
another zone, so long as there are but eight
exclusive channels per zone. Wgy was selected
for such sharing, no doubt, because it is not the
original source of chain programs but acts
principally as a relay station. Had wjz or weaf
been selected for sharing with a Pacific coast
station, the effect would have been a great hardship upon the largest broadcasting audience in
the world.
WGY HAS NATIONWIDE POPULARITY
\ A/GY has pointed out that it is one of the
" * pioneer
stations
withinthethemost
widespread
audience
of any
station
United
States.
Radio Broadcast's questionnaires certainly
support the contention that wgy has the most
enthusiastic "distance" audience of any station
in the country. The requirements of equitable
distribution are, however, inescapable. The exclusive channels of the First Zone cannot be
assigned exclusively to chain stations or only to
those within service range of New York City.
The only alternative offered the Commission
is to suggest a time-sharing arrangement by wgy
with one of the New York stations, either wjz or
weaf. While this might be satisfactory to wgy,
it certainly would be a blow of such serious proportions toNew York listeners that it accounts
for the fact that the Commission did not consider that course. The original engineers' plan,
calling for fifty exclusive channels, provided
room not only for wgy in the First Zone but better
allocations for additional leading stations in all
zones. Reduction of the cleared band to forty
channels has complicated greatly the problem of
providing adequately for all the good stations
in all the zones.
One way out of the present situation might be
a more liberal definition of "sunset." The Commission has ruled that daytime stations shall
close down at the average time for sunset during
a given month, at the point where the western
station, subject to interference, is located. However, night broadcasting conditions do not prevail immediately upon the setting of the sun, but
only after quite complete darkness. Therefore,
the same sundown regulation as is used for the
lighting of lights on motor cars mav be more
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suitable for broadcasting regulation. The addition of an extra evening hour at such peak
times as ten and eleven p. m. would greatly
lighten the economic burden now placed upon
stations limited to daytime broadcasting. We
urge that experiments be made to determine the
proper time for establishing an official broadcasting sunset, because we believe this offers a loophole for improving the position of the worthy
stations, now compelled to sign off just at the
hours when they begin to have a fighting chance
to make enough revenue to meet their expenses.
The Chicago stations which protest and ask for
better channel assignments do not receive much
sympathy from the average broadcast listener.
Chicago stations have dominated the dials for
too long a time in the memory of the broadcast
listener to cause anything but glee when it is
announced that the Commission has somewhat
reduced the proportion of ether territory assigned to stations in that city. Chicago has had
its way about radio long enough and it will be a
relief to listeners, who like dial twisting, to find
something other than Chicago stations on the
clear places.
Reasons for the 300-Mile
Chain Regulation

requirn, not
Commissio
that the same
shall
be
of theprogram
THE ingregulation
duplicated in the exclusive channels by
stations separated by less than three-hundred
miles, has, for the time being, been waived, pending further investigation of the subject. Some
months ago, in considering the problem of the
frequent duplication of chain programs in the
few clear channels, we pointed out that an ideal
solution lay in limiting the nmmberof exclusive
channels assigned to stations of the same chain
to four or five widely separated points, requiring
that the bulk of chain broadcasting be conducted
on regional rather than nationally clear channels. In practice, however, such regulation leaves
an insufficient number of high-grade, independent stations, now carrying non-chain programs,
to fill the clear channels thereby freed.
Some form of regulation is necessary, however, ifthe real objective of the clear channel is
to be accomplished. The distant listener, beyond
the high-grade service range of any broadcasting
station, depends upon the nationally cleared
channels for his program service. If he finds all
stations within his range on these cleared channels radiating the same program, the fundamental objective of giving the rural listener the
best broadcasting service and the greatest
variety through cleared channels is not achieved.
It was such a consideration which caused the
Commission to pass the 300-mile separation
regulation. The principal reason that the regulation adopted failed is that there is an insufficient number of high-grade independent
stations to fill the cleared channels; not that
there is anything fundamentally wrong with the
regulation itself.
The Fight for
Short-Wave Allocations

VIEW OF SAN FRANCISCO RECEIVING STATION AT DALY CITY, CALIFORNIA, SHOWING
ROTABLE LOOP AERIALS. THIS STATION IS OPERATED
BY THE FEDERAL TELEGRAPH FOR THE RECEPTION OF MARINE SIGNALS

S. Davis
DwightRadio
Y ed oftheWarFederal
Comrequest
hasETAR
SECR
mission to set up a new amateur band
between 5000 and 10,000 kc. This proposed band
is to be used for amateur work in cooperation
with Army radio stations. Oldtimers will remember that one of the first broadcasting stations in New York was wvp, operated under the
supervision of the Army with the cooperation of
a committee of amateurs. This station did its
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STATIONS

share in the early days to introduce broadcasting
to New York.
/^\NE of the more ambitious of applicants for
short waves is the newly formed Universal
Wireless Communication Company which wants
no less than 116 short-wave channels. To begin
its proposed service, it asks for an experimental
license to operate a New York-Chicago circuit,
to be followed, upon its success, by stations in
fifty leading cities. There is no indication of the
competence of the organization involved or its
financial resources in the press dispatches. Certainly, its sponsors are not overburdened with
modesty because they have the courage to ask
for frequency space worth many millions of
dollars.
A considerable number of non-communication
companies have applied for short-wave channels.
Perhaps one of the most interesting applications
is that of the Montgomery-Ward Company,
which wishes to link nine factory branches, three
hundred existing stores, and ultimately 1500
stores by short-wave radio telegraphy. The means
now used for communication purposes for this
extensive group are the mails because telegraphy
is too expensive for the purpose.
If a rental had to be paid the Government for
the use of a channel, proportionate to its worth,
it is unlikely that many of the private services
now contemplated would be undertaken. The
situation with respect to short waves is exactly
similar to what would occur if we could have
free telegraph lines, the only expense to the user
being to furnish key and operator. Perhaps many
of the Government's problems could be solved by
turning over the channels in each class of service
to the highest bidder. Such a process would be a
shocking one to those who consider radio a democratic Utopia, but it would eliminate a lot of the
useless fighting now going on; limit the employment of radio to services in which it is truly
superior and essential; avoid filling short-wave
channels with private services, requiring discrimination against late but deserving applicants
and, in addition, make radio a revenue producer
for the Government.
IN SUPPORT of the Radio Corporation of
*its America's
application
67 short
representatives
stated forbefore
the wavelengths
Commission
that its principal purpose was to distribute
10,000 incoming transatlantic radiograms and
2000 transpacific radiograms daily. 95 per cent,
of these messages are addressed to individuals
and corporations in thirty leading cities, which
it is proposed to link. The R.C.A.'s representative stated that Western Union, with its 25,000
offices, and Postal with its 2000, are unwilling to
make satisfactory arrangements for handling
these messages. The proposed radiogram forwarding business is not enormous and it seems
unfortunate that a special system of communication must be set up in competition with existing nationwide systems of wire communication
to handle such a reasonable amount of traffic. It
is within the Commission's jurisdiction, in considering the merits of this application for short
waves, to inquire why the wire facilities of the
country are not available on satisfactory terms
to handle the traffic involved.
With the Broadcasting Stations

l programs was
ANEW departure in politica
offered by the Democrats when they put
on Irving Berlin, William Collierand Gene
Buck on a coast-to-coast network, together
with Fred Barrens' Democrat Orchestra. That
political speeches require entertainment support
has always been recognized, but this was the

THE RADIO OPERATOR OF THE COURTNEY FLIGHT AND HIS APPARATUS
Hugh Gilmour, the radio operator who accompanied Captain Courtney on his attempt to fly the Atlantic, is
shown in his London home with the apparatus which he removed from the Dornier Wal flying boat when he
was rescued by a life boat from the " Minnewaska" after floating in the ocean for fifteen hours.
first political broadcasting accompanied by a
goodwill, musical program.
WALTER DAMROSCH, the dean of American orchestral conductors, has always
found the education of children in music his
happiest work. Under the sponsorship of the
Radio Corporation of America, he is now enabled to carry this out on a more extensive scale
than he dreamed possible ten years ago. He is
directing forty-eight school concerts in four
series, each series designed for a different group
of school and high-school students. The first
series is for children of the third and fourth
grades; the second for the fifth and sixth grades;
the third for seventh grade and junior high
school; and the fourth for high schools and
colleges. In this series, Mr. Damrosch takes up
each instrument and describes its part in the
spectrum of music. He also analyzes various
musical themes in a carefully worked out curriculum. Schools are actively taking advantage of
this meritorious educational use of broadcasting.
THE Bureau of Standards is undertaking
the calibration of crystal oscillators for
broadcasting stations on a moderate schedule of
fees. The tremendous volume of work entailed
in preparing for the new allocation requirements
is, no doubt, overwhelming the personnel of the
Bureau. We can count on the customary faithfulness of Bureau of Standards employees to do the
job with the utmost speed consistent with the
standards of accuracy which they maintain.
AN IMPORTANT addition to the Columbia
chain is wbbm of Chicago which, for its
power, has extremely good coverage in the central west.
\ A / LS, the famous Sears-Roebuck station in
* " Prairie
Chicago,Farmer
has .been
publication,
The
E. L.soldBilltohasthebeen
retained
as its director. Inquiring persons point out that
the Commission is not required to approve this
sale and that it is not under obligation to grant
a license to the station under the new ownership.
DY INCREASING its power to 10,000 watts,
kwkh becomes the South's most powerful
station.

\ A/LW of Cincinnati and wtic of Hartford,
' " Conn., officially have been granted 25,000watt construction permits and may use an additional 25,000 watts experimentally.
THE Federal Radio Commission quickly
yielded to the protest of Iowa, demanding
an exclusive channel, to which it is entitled
under the quota arrangement of the Davis
Amendment. Because of congestion in Chicago,
the Commission, in its original set-up, had borrowed achannel for that city from Iowa. This is
the first, but not the last, example which will
show how useless the borrowing clause will prove
in practice. When there is a universal shortage
of any commodity, it becomes impossible to find
anyone who will loan freely to others. Certainly,
nobody feels inclined to make any sacrifices so
that Chicago may have additional stations.
AN OPINION by Federal Judge James H.
\V ilkerson confirmed the right of the Federal
Radio Commission to regulate wavelengths and
the power of broadcasting stations under the
Radio Act of 1927. This decision was rendered in
Chicago in the case of Stations wcrw and wedc,
which stated that the Commission's power reduction, required under the new allocation plan,
represented confiscation of property without
due process of law. The effect of the decision
is merely to change the scene of argument from
a Chicago court to one in Washington where,
under the Radio Act, such appeals must be
brought.
Progress in the Field
oj Aircraft Radio
THEtransmitter
first of ainstallations
more powerful
of radio
at antypeimportant
aircraft junction point is to be completed
at Cleveland, Ohio, in the near future. It is of
2000-watt power and promises to give reliable
radio-telephone communication with aircraft in
flight for a distance of a hundred miles and many
times that distance by telegraphy. The standard
aircraft frequency of 335 kc. will be employed.
Eleven aircraft centers, other than Cleveland,
are being installed at the present time, and all
of
them will be in operation within the next six
months.
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I 1TILIZING 500-watt high-frequency trans^ mitters a complete chain of stations has
been established as the communications network for the Chicago-Dallas air route. The
cities at which the transmitters are located are
Fort Worth, Oklahoma City, Wichita, Kansas
City, Unionville, and Moline.
D ELLEFONTE, PA., is the location of another
radio aircraft installation. This important
center for air mail service will have a directive
radio beacon, somewhat similar to that installed
at College Park, Md. Announcement is also made
of a new type of vibrating reed which is used as
an indicator on the plane, in which change in
frequency with temperature is practically eliminated.
Radio Abroad

patent decision was
A VITALLY important ller
made by the Comptro
General of the
Patent office in England when a compulsory license was granted to Loewe Radio Company. Under this compulsory license, the Loewe
Company will make three- and two-element radio
valves at license fees of 10 s. and 7 s. 6 d. respectively, instead of £1, 17 s. 6d. and £1, 5s.,
heretofore asked by the Marconi Company. In
the decision of the Comptroller General, he
stated that he was "satisfied that a case of
abuse of monopoly rights had been established."
The decision further states: "When we come to
consider the scale on which the applicants hope
to manufacture in this country, the Loewe valve
will be recognized as offering a new advantage
or utility for which it may be well worth sacrificing the superior sensitiveness which the use of
reaction admittedly affords. Broadcasting has
become a feature of our national life and a
commercial policy which excludes large sections
of the public from its full enjoyment is not, we
think, a justifiable policy.
"The Marconi Company have secured a
dominant position by gathering together in their
own hands a large series of patents which, taken
collectively, cover almost all
broadcasting receivers of an efficient character. It is to be remarked
that not one of the five patents
now in question is for an invention originating with the Marconi
Company. Three of them are
American, one is French and one
is German in origin.
" It is a kind of super-monopoly.
The applicants cannot seek alternative terms from competing
monopolists. They are absolutely
in the hands of those who have
gathered together this far-reaching
aggregation of monopolies."

that it has now purchased a 50-kilowatt transmitter which will be operated, in normal times,
by Radio Suisse. The station and its personnel
may be taken over by the League, upon notice,
in emergencies.
THE Government of Australia, under a new
law, has taken over the ownership, equipment, and facilities of broadcasting stations of
the Class "A" type. A system somewhat similar
to that now established in New Zealand is being
adopted for the control of broadcasting.
A COMMISSION has been appointed in
Canada with a view to laying plans for the
establishment of a national radio system, similar
in character to the British Broadcasting Company. The commission will study the situation,
not only in Canada but in Great Britain and the
United States. Naturally, the owners of broadcasting stations are opposing the move.
In the Visual Broadcasting Field

NT is
A. LAFOU
ISSI
COMM
s in his zone,
d ONER
as advisingH.station
reporte
,
ted
in visual broadcasting that,
interes
sion will shortly
" In my opinion, the Commis
issue orders for the regulation of television and
ssion,
broadtransmi
picture
re, particu
the
that inyou"thedefer
suggestlarly
I , therefo
cast band.
purchase of any equipment or the making of any
investment until such action has been taken."
If restrictive regulation must be applied to
this experimental art to the discouragement of
those who are risking their time and money in so
problematical a field, it would be a good idea to
get it over with. There is no known reason for
regulation at this time because picture broadcasting iscausing no trouble of any kind, but
the Commission has so often and so repeatedly
thrown the shadow of threatened regulation
upon it that progress in extending picture broadcasting has been totally stopped. If the new field
must be stifled by the Commission, the sooner it
is done the better, because all the money, so far

courageously spent by experimenters, is practical y atotal loss should the Commission pass any
serious restricting regulations. Further waste in
experiments may as well be stopped, sooner
rather than later, and protracting the agony is
not in the least helpful.
A VERY fine publicity story emanated from
wgy, following the broadcast, on the evening of September 1 1 , of the radio play from their
studio. The television transmitter was working
on the occasion. The story stated that synchronization of speech and vision was perfect, but
there were no comments as to the character of
the images received. Those, technically acquainted with the subject, were inclined to smile
at the statement that perfect synchronization
was accomplished, not because there was any
doubt that it had been done, but because it
would have been wonderful if anyone discovered
a practical means of transmitting speech and
television out of synchrony under the conditions
involved. A statement by Dr. Alexanderson, who
is receiving wgy's transmissions at Lake George,
a distance of two-hundred miles, reported trouble
from a mirage or delayed image. Television may
prove useful in securing data with reference to
the heaviside layer.
THE Experimenter Publishing Company has
sued a magazine which was to appear under
the title Television. The application for the
injunction was. of course, denied by the New
York Supreme Court. Somebody ought to publish alist of patented words.
News of the Radio Industry
INpatent
URGING
of the R. ofM.thatA.
poolingindustry
plan, Lesupport
Roy J. Williams
Association pointed out that the automobile
industry, which solved its patent difficulties
by means of an identical scheme, did not find a
single patent basic. The R. M. A. plan, as our
readers will remember, provides for the pooling
of non-basic patents at the option of their holders, and permits patent holders
to exempt so-called basic patents
from the pool. The argument,
however, does not hold good for
the radio industry because there
are many patents of a decidedly
basic character still [in force. The
pooling of non-basic patents is of
negligible importance.

THE British Broadcasting Company's educational curriculum
includes literary readings in
French, German, and Latin from
biographical sources, and a wide
range of subjects presented in
English on literary, historical,
geographical, and musical subjects.
This educational program is summarized completely in a brochure
on the subject which should interest ambitious American program directors.

NEW AUTOMATIC SOS RECEIVING APPARATUS

League of Nations announces that its plan of establishing apowerful radio-telegraph
station has advanced to the point

The S. S. "Cedar Bank" recently has been equipped with Marconi apparatus
Jor automatically receiving SOS signals. The signals are received by the threetube regenerative set shown on the left, and below the receiver is the selector relay which ringsstateroom,
bells, in whenever
the radio anroom,
the bridge
and up.in the operators'
SOS onsignal
is picked
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A RECENT
statement rises
of the
R. M. A. innocently
to
the point of humor when it seeks
to throw aspersions on the accurate and comprehensive statistics
which the National Electrical
Manufacturers' Association has
issued with the cooperation of the
Department of Commerce. The
R. M. A. now proposes to go into
the statistics business also, utilizing agencies of a character undisclosed to assist it. "The study of
available, but incomplete statistics, largely estimates, is being
made by the Committee which
will present recommendations to
the R. M. A. Board of Directors
for the development of real statistics which are reliable and may
be of actual service to all branches
of the radio industry." Silly
publicity
character
certainly doesofnotthis
reflect
glory upon
those who issue it. — E. H. F.

FRONT VIEW OF SKYSCRAPER"

The

RECEIVER

"Skyscraper
By

CLIFFORD DENTON
Ferranti, Inc.

type tubes. The output transformer, T3, should
FOR a long time the neutrodyne type of the set will lose some selectivity. In out-of-town
receiver, consisting of a two-stage neulocations, where very sharp tuning is not re- be of a type designed for use with the particular
tralized radio-frequency amplifier using
quired, the set generally will give most satis- loud speaker which is to be used with the set.
The designers of the receiver, feeling that many
factory operation with the antenna switch on
20iA-type tubes, a non-regenerative detector
terminal No. 2.
experimenters might have available an audio
and a two-stage audio-frequency amplifier,
The output of the tuned circuit L1C2 feeds the amplifier and, therefore, desire only to construct
justly has been considered an excellent set —
sensitive, selective, and easily controlled. The
grid circuit of the first 222-type tube which in the radio-frequency and detector circuits, have
receiver described in this article has these plus turn feeds into the r.f. transformer consisting of shown the jack J2 in the plate circuit of the desome additional good characteristics. This set L2L3. This transformer is wound on a threaded
tector. Ifa separate amplifier is to be used it
uses two stages of r.f., detector and a two-stage
hard-rubber tube. The plate coil is wound first should be connected to this jack.
As we mentioned in a previous paragraph all
with a small-size wire in the bottom of the
audio amplifier, and to this extent is to be likened
to a neutrodyne — but here the similarity ends. grooves and on top of this primary winding the the battery circuits of the receiver have been
In this receiver two 222-type screen-grid tubes secondary is laid, the secondary wire being of a filtered carefully in order to prevent common
are used in the r.f. amplifier and, as
coupling which is often the cause of oscillations and motorboating. The screen-grid
a result, it becomes unnecessary to neuvale
circuits
of the two r.f. tubes are filtered
tralize the r.f. circuits and greater amplification isobtained. The use of the
by the 10,000-ohm resistors, R2 and R3
and the condensers, C5 and C6. The plate
CT'HE receiver described in this article is a development
screen-grid tube in the r.f. stages makes
of Robert Arnold, in association with the laboratory of circuits of these tubes are filtered by resisit essential that shielding be used and
Ferranti Company in the United States. The set was
tors R4 and R5, each with a value of 50,000
that all the plate and filament circuits be the
examined and tested in operation in New York City by a ohms, and the by-pass condensers, C7 and
bypassed and filtered to prevent common
member of the staff of Radio Broadcast Laboratory and
Cg. The detector circuit is filtered by the
coupling between the various circuits,
it performed very satisfactorily. The set is quite selective 4-mfd. condenser C9 and the resistor Ri.
which would result in oscillation. As part
of the shielding, it is recommended that and the fidelity is excellent. Radio Broadcast will be Filtering in the detector circuit is esRemler tube shields be placed over each pleased to hear from those who undertake the construction
pecially important since even a small
amount of coupling at this point will
of the set.
of the 222-type tubes.
Constructional
data
is
not
given
in
this
article
for
affect the characteristics of the audio amStarting with the antenna connection
complete information of this sort may be obtained directly
plifier and either make it distort or hum
we will review the circuit arrangement
badly, and in some cases the coupling may
—The Editor.
used in this receiver, and in this way we from the Ferranti Company.
be sufficient to make the audio amplifier
will be able to bring to the attention of the
oscillate.
1
reader the various interesting design feaThree filter circuits are located in the
tures which the set possesses. The circuit
audio amplifier. The grid circuit of the
diagram of the receiver is given in Fig. i.
The input circuit to the receiver is arranged so size such that it lays on top of the groove. The first audio-frequency amplifying tube is filtered
turns ratio is 1 to 1. The coils are mounted on a by a 2-mfd. condenser, Cm, and a 50,000 resistor
that either an antenna or a loop may be used.
R7- The plate circuit is filtered by a 20,000-ohm
The loop is connected to the two terminals
standard four-prong base and plug into sockets
resistor, R8, and the condenser Cn with a capacity
marked "Loop" in which case no ground need be mounted on the sides of the shields, as indicated
of 2 mfd. The third filter circuit is located in the
in the picture of the receiver.
used, although a ground may be connected
grid circuit of the input push-pull transformer,
This secondary, L3, of this transformer feeds
to the ground terminal if one desires. The
antenna connects to the first coil Li, through a into the second radio-frequency tube whose out- T2, and it consists of a 10,000-ohm resistor, R9,
and the condenser, C12, whose capacity is 2 mfd.
small 0.0001-mfd. fixed condenser, Ci. The switch
put circuit supplies energy to the next transformer consisting of L4L5; this transformer is [Push-pull amplifiers frequently have a tenSW2 adapts the set for use on either a short or a
dency to oscillate especially if the power tubes
long antenna, and, when the set is put into similar in construction to the preceding one. A
have slightly different characteristics. If the
operation, reception should be checked on both
C-bias detector is used; the plate is supplied
amplifier does oscillate it can be overcome by
positions of the antenna switch. In locations
with 90 volts through the 50,000-ohm resistor,
Ri, and minus 6 volts is used on the grid. The
placing a 50,000-ohm resistor between the
where there are several near-by broadcasting
stations and a selective receiver is essential, the output of the detector goes to the first audio
center-tap of T2 and R9, in the grid circuit
antenna switch should be thrown to terminal
transformer, Ti, across the primary of which is of the input push-pull transformer. This resistor
No. [. With the antenna switch in this position
connected a jack, Ji, to which a phonograph
should not be by-passed. The use of this resistance will not in any manner adversely affect the
the set is very selective; if the switch is thrown
pick-up
uni't
may
be
connected.
The
output
cirto terminal No. 2 the volume will increase but
cuit of the audio amplifier is push-pull with 171 a- quality. Editor.]
95

RADIO

96

BROADCAST

DECEMBER,

1928

Loop
Aerial

C- 4f>2 V.

FIG.

I. COMPLETE SCHEMATIC DIAGRAM OF THE "SKYSCRAPER" RECEIVER
2-watt;
LIST OF PARTS
The values of resistance used in the filter cirR4, R5, Rg, Rn Four Tobe resistors, 20,000-ohm,
cuits are such that both of the r.f. tubes and the
TP HE apparatus used in constructing the R6, R7 Two Tobe resistors, 50,000-ohm, 2-watt;
first audio tube may be supplied with 180 volts
* model of this receiver illustrated in these
RioMVV-6M;
One Carter midget potentiometer, type
from the power supply, and the filter resistance
pages is given below. The total cost of the
will reduce this voltage to the correct value for parts listed is $95.00. The builder may substitute
R12 One Carter rheostat, 6-ohm, type 506; .
the operation of the particular tube. An ex- electrically equivalent parts.
R13,
R14, Two Carter resistors, 15-ohm, type
J-5-I5;
ample will make this clear. Consider the first
The last four items in the list, and also the
Ti One Ferranti transformer, type AF-5;
audio stage, in which socket is recommended
tuning coils, are especially designed for use with
T2 One Ferranti transformer, type AF-5C;
the use of a ii2A-type tube. The d.c. plate this receiver, and may be obtained by writing
resistance (not the a.c. plate resistance) of this directly to the Ferranti Company. Those who T3 One Ferranti transformer, type OP-8C for
magnetic speakers, type OP-4C for dynamic
tube is about 20,000 ohms. This 20,000-ohm
desire to construct this set can also obtain a
Two
Remler tube shields, type 56;
plate-circuit resistance is in series with a 20,000speakers;
booklet giving complete constructional data from
Three Hammarlund shaft couplers, type FC;
ohm filter resistance, R8, across 180 volts. Therethe Ferranti Company for $1.00.
Three Na-Ald sockets, type 424;
fore, half the voltage will appear across the tube
The list of apparatus follows:
and the other half across the filter resistance.
coils; Na-Ald sockets, type 428, for plug-in
Three
Therefore, there will be about 90 volts on the Ci mfd;.
One Tiny-Tobe fixed condenser, 0.0001Three Benjamin sockets, type 9040;
plate of the 1 i2A-type tube.
One
pair of Benjamin brackets, type 8629;
C>,
C.3,
C4
Three
Remler
SLAV
condensers,
Volume is controlled in this receiver by varyTwo National drum dials, type VF with type-28
ing the potential applied to the screen grids of C5,0.0005-mfd.;
illuminators;
C6, C7, Cs, C13, C14, C15, Ci6, Cn, Cis Ten
the r.f. tubes, this adjustment being accomTobe by-pass condensers, 0.5-mfd., type 300; Two Carter screen-grid connectors; type 337;
plished by Rio, a 6000-ohm potentiometer. In C9 202;
One Tobe condenser, 4-mfd., type 240;
One Yaxley mounting plate and cable, 7-wire;
Four Eby binding posts, insulated;
series with this 6000-ohm potentiometer is C10, Cn, C12 Three Tobe condensers, 2-mfd., type
Ten Lynch resistor mounts;
placed a fixed resistance, Rn, with a value of
Acme
wire in colors to match Yaxley
20,000 ohms so that not more than the rated
Li,85;L2-L3, L4-L5 Three Ferranti tuning coils,
cable,flexible
for wiring;
" Skyscraper"-type;
value of 45 volts can be applied to the screen
One Aluminum base, 10-gauge; drilled;
L.6 One Hammarlund r.f. choke coil, type RFCgrids.
Onefinish,
Bakelite
On the front panel of the receiver are four
drilled;panel, 8" X 24" X tY', walnutRi One Tobe fixed resistor, 50,000-ohm, 2-watt;
controls, besides the on-off switch. The two small
Three Aluminum Co. of America standard
Ji One Yaxley jack, open-circuit;
shields, drilled;
knobs at the lower-right and left-hand corners
One Yaxley jack, closed-circuit;
are the filament rheostat and the volume con- J2R2,watt;
R3, Rs Three Tobe resistors, 10,000-ohm, 2- Thirteen rubber insert rings, for feed lines
through base.
trol, respectively. The drum dial on the left
tunes the antenna condenser, C2, and the righthand dial tunes the other two condensers, C3
and C4, which are ganged together.
For the past several months development
work on the "Skyscraper" receiver has been in
progress
the this
laboratories'
of the
Ferranti
Company.in For
reason the
writer
feels
certain that those who construct the set will
obtain as satisfactory performance as he has
from the various models which have been undergoing tests. Optimum performance can be assured only by following as closely as possible
the arrangement of apparatus illustrated in
the pictures on these pages and in the wiring
layouts supplied with the construction booklet.
For this reason it is recommended that set
builders, who contemplate building the receiver,
send for this booklet. If, after the construction
has been completed, the set does not perform
in an altogether satisfactory manner the wiring
should be checked carefully and the various
tubes should be tested. It is also a wise plan to
examine the B power-supply device, as poor reTHIS PICTURE SHOWS THE EXACT ARRANGEMENT OF PARTS ON THE CHASSIS
sults may be caused by incorrect plate voltages.

MANY engineers take
the vacuum-tube voltmeter for granted, i.e.,
they seldom stop to
consider its limitations and inaccuracies.
Many times within the past two years
we have seen described in more or less
technical papers the "slide-back" voltmeter with a direct or implied statement
that it is an infallible device for measuring voltage.
The circuit diagram for a "slide-back"
voltmeter is given in Fig. i. It consists of
a vacuum tube biased so that the plate
current is quite small and so that a.c. input voltages change this steady C bias,
thereby changing the plate current. The
plate current is then brought back to its
original value by changing the steady C
bias by means of the potentiometer. The
difference between the two values of bias
(with and without a.c. input) is the peak
value of the input voltage. The negative
halves of these cycles drive the grid more
negative, but, since the tube is already
overbiased, the plate current changes but
little. The positive halves of the cycles,
however, reduce the steady negative C
bias, and the plate current increases. Then
the potentiometer is varied and the steady
C bias is "slid-back" until the same platecurrent reading is obtained.
To test the accuracy of the instrument we used a Weston model 301
milliammeter with a full-scale reading
of 1500 microamperes. With 45 volts on
the plate and a C bias of minus 4 volts,
the plate current was 200 microamperes This
steady current was balanced out of the microammeter by using the A battery voltage or by
means of a "bucking battery" (B) as shown in
dotted lines in Fig. !. Now, when an a.c. voltage
of 2.05 peak was placed on the input, the plate
current increased,
and C webias"slid-back"
tentiometer until the
meter read thean poin-

Accuracy of the
"Slide-back"
Voltmeter

crease of0.35 volts. When an input of 4.0 volts
was used a net change of 1.6 volts in the C bias
was required before the current plate was the
same.
Clearly the method fell down. A change of
C bias due to a.c. voltages could not be balanced
out by an equal change of d.c. voltage.
In the next test we put .33 milliamperes
through the meter by means of the battery B,
in Fig. 1, and the C bias on the tube was adjusted so that no change took place in the deflection of the plate-current meter when the
plate voltage was turned on or off — in other
words, we placed sufficient bias on the tube so
that the plate current was zero. This point cannot be determined exactly, of course, but if

1 — -ToooWwV^W-i
ohms
.1.1 10'000

FIG.

I. SLIDE-BACK VOLTMETER

a

!trays:

Laboratory

the meter has an initial reading changes in this
deflection are noted easily.
Now when an a.c. input voltage was placed on
the tube, the C bias changed, the plate current
changed and a deflection was noted. The steady
bias was then increased so that turning on or
off the plate battery to the tube made no change
in the reading of the plate-current meter.
When an input peak a.c. voltage of 10 was applied to the tube a change of 9.5 volts steady
bias was necessary to reduce the plate current
to zero; other readings are noted in Table 1.
TABLE I
Steady current through 500 microammeter=331
microamperes. Steady bias to cause no deflection 89%
on meter=
7.7 volts when Ep=45 volts
d.c. volts
input a.c.
accuracy
to reduce
95
peak volts
Ip to zero
4.05
5.8
6.1
3.6
7.5
8.2
92
9.5
94
14.3
10.1
14.5
99
16.3
15.6
96
18.3
17.5
96
Substituting a more sensitive meter, say a
Westinghouse 500 microampere meter, or a
Weston zero-center galvanometer with a sensitivity of 60 microamperes per division, increased
the accuracy somewhat. But even with the 1 500
microampere meter we could balance out an a.c.
voltage with a d.c. voltage with an accuracy of
about 90 per cent. Larger input voltages could
be read more accurately.
When used in this manner the "slide-back"
voltmeter is accurate enough for all ordinary
measurements. The device is inaccurate when
operated, as is often done, so that a fairly large
steady current is obtained in the plate circuit,
and the bias is so adjusted after an input is
applied that the plate current returns to this
value. The nearer one can get to the actual zero
plate current point, the more accurate the instrument as a whole becomes.
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FOR A long time we
Hum in the "Lab"
threatened to throw
Circuit Receiver out OUT B-SUpply unit
and build a new one.
With the four-tube "Lab." circuit receiver (August Radio Broadcast) considerable hum appeared in the loud
speaker in spite of rather thorough filtering in the B supply itself. We began to
wonder where the noise came from; was
it inductive pick-up from the power line
running near the audio-transformers, or
was it picked up in the first- or secondaudio, detector or r.f. tube?
The audio amplifier of the receiver was
perfectly quiet, as evidenced by shorting
its input through a 10,000-ohm resistor.
Running the detector from a 45-volt B
battery helped a bit, but the hum was
still too loud. Running the r.f. tube from
a 90-volt B battery killed the hum completely. Larger filter condensers across the
90-volt B-supply lead did no good. What
could
Let beus the
looktrouble?"
at the r.f.-tube circuit in
Fig. 2. Notice that the 90-volt lead from
the inpower-supply
whichit ishasfiltered
some
a.c.
it no matter unit
how— well
— is connected directly to the detector input coil. This is a very high-impedance
circuit, equivalent to Fig. 3, and any a.c.
current flowing will build up a large voltage and subsequently will be amplified
by this detector and audio tubes.
The first experiment was to wind a
primary coil about the detector input
coil, as in Fig. 4. The noise dropped out.
The solution was then simple: isolate the primary
winding of the coil from the secondary, as in Fig.
5, and ground the lower end of the detector coil.
Now the power-frequency noise is effectively
grounded as far as the detector input goes, and,
therefore, no hum gets on to the tube's grid.
Figure 5, then, gives the circuit diagram of an
r.f. amplifier
the entering
"Lab." Circuit which willandirondetector
out a.c.forhum
the
receiver from the B-supply unit via the r.f.amplifier
plate circuit.
In the course
of the experiment leading to the
elimination of the hum from the circuit, the leads
to the regeneration condenser were reversed.
Considerable difficulty was experienced in
"holding-down" the circuit, and it was impossible to neutralize the amplifier completely without placing a shield between the regeneration
condenser and the detector tuning condenser.
When, however, the regeneration condenser was
connected correctly, that is, stator to the detector plate, all difficulty disappeared, and a
high-gain stable amplifier resulted. Readers who
have trouble with the circuit, evidenced by the detector oramplifier oscillating continuously, might
try reversing the leads to this small condenser.

FIG. 2. ORIGINAL "LAB

CIRCUIT
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SO FAR as we are concerned
the following quotation from
a letter from our good friend
Dr. G. W. Pickard closes the
subject of trick and underground antennas: —
"On page 259 of the September issue of Radio
Broadcast I notice an appeal for definite quantitative data on the underground antenna.
Probably by this time you have found the various references necessary, but in case you have
not, I'll give some of the desired facts.
"As you know, there are underground antennas
and antennas. Some of these consist of plates or
coils of wire, variously insulated, but aside from
the sucker type of radio fan, no one has taken
them seriously, and so far as I am aware, no
quantitative measurements have been made.
But the real, more-or-less-useful type of underground antenna, consisting of a long, straight
insulated wire buried at a slight depth in the
ground, is the subject of a considerable technical
literature, and its reception characteristics are
quite well known.
"First, consider 'Short- Wave Reception and
Transmission on Ground Wires (Subterranean
and Submarine) ' by A. Hoyt Taylor, Proce dings I.R. E. Vol. 7, No. 4, August, 19 19.
Taylor points out that the buried wire antenna
is strongly directive, receiving signals best in
the direction of its length, and but feebly fromXc
directions normal to the wire. He also explains
that reception is possible because of a tilt in the
wave-front, which gives a component of the electric vector
1— vwwwv
parallel to the wire.
"Next, take my paper, ' Static
Elimination by Directional Reception,' Proceedings I. R. E..
Vol. 8, No. 5, October, 1920,
wherein it is explained that if
static and signal come from
different directions, properly
oriented directional aerials will
eliminate more static than
0.001
signal.
"Finally, consult 'The
FIG.
Wave-Front Angle in Radiotelegraphy' by L. W. Austin,
Washington Academy of Science
Journal, pages 101-106, March 4, 1921, wherein
it is shown that waves are slightly tilted forward
in the direction of propagation, this tilt being
small and of the order of o°-3°.
"It is obvious without going further into the
literature of the subject that buried wires often
give better signal-static ratios than does the
conventional open antenna, simply because they
receive directionally.
"Now for a numerical answer to Radio Broadcast's question; what is the relative signal
strength of a fifty-foot wire in the open, and the
same length of wire buried? If the wire in the
open is truly vertical, and the earthed wire is hori-

More Data on
Underground
Aerials
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zontal and but lightly
covered with earth,
reception on the buried
wire will be somewhere
between o and 3 per cent,
of that on the vertical
wire, depending upon soil
resistance and the consequent tilt of the wave.
If the wire is buried
quitedeeply, both theory
and Taylor agree that
the wave tilt will increase, and hence a somewhat better signal will
be obtained on the more
deeply buried wire. If
you really
wish toto pursue this matter
the
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FIG. '■). THE IMPROVED "LAB" CIRCUIT RECEIVER
bitter end, that is, litersee Wireless
on the part of listeners for low-frequency
ally run it into the round,
McGraw-Hill, 1915, demand
tones all out of proportion to their natural
Telegraphy by Zenneck,
-1..3
particularly pages 260-262 and Figs. 310-317
values. Mr. Rhodes's figures (Table II) show that
-8.0 -5.2
working a good -1.7
amplifier out -1.1
of an -3.5
impedance
showing examples of tilted waves for different
-8.6
-0.5 may ruin its charsoil constants.
for
which it was not designed
-3.2
acteristic.
-1.7
-2.0
-2.3 -1.0
see, there
mystery,
this"You
matter.
Thereis no
is no
divisionno ofmagic
the about
wave
TABLE II
from the transmitter into two distinct parts,
Frequency cycles
2000
one traveling under and the other over, the
Rp ohms
60
1000
4000 6000
earth's surface. There is no inexplicable filtering 5000
0
action in a layer of dirt which will strain the
0
0
10.000
static out and let the signal through. A long 20,000
buried wire is merely an in- 30,000
+1.3
TU +2.8
efficient but directional an+2.6
tenna, and, if it can be aimed
+0.6
The amplifier consisted of two Sangamo type-A
at the signal and not at the
transformers, a cx-327 first-stage and cx-350
static, it will give a favorable
second-stage tube. The output device consisted
signal-static ratio.
"But more power to you in of a General Radio Type 587-D which is made
your attack upon the thousand
up of a 15-henry choke and two 2-mfd. condensers. The current into 4000 ohms was read
and one fake contraptions
which grow like weeds upon our while the input voltage was kept constant. The
unfortunate roofs, burrow fool- table gives the necessary data on the measurements. The current at 1000 cycles when the amishly in the ground and litter
the tables of the uninformed
plifier worked out of 10,000 ohms was taken as a
fan. I am afraid an appeal to zero level; all other adjustments of frequency
3
reason will not reach effec- and input impedance are compared to this value.
Thus, at 60 cycles and worked out of 5000 ohms,
tively the class you would
the amplifier is down 1.7 TU compared to 1000
protect, therefore, the best way
would be to make fun of these fakes. With wire cycles when worked out of 10,000 ohms.
The amplifier has the best characteristic when
cones, triangles and other Euclidian-looking
objects on the roof, weird tangles of wire in worked out of 10,000 ohms, and it is assumed it
pits on the front lawn, Geppert and other din- was designed with this impedance in mind.
Working it out of 5000 ohms causes a rise at
gusses guarding the radio receiver, a poor,
puzzled radio wave must scratch its head and
the high frequencies where the secondary capacity begins to resonate with the leakage rewonder how it would ever get in."
actance of the transformer. Perhaps this is beFROM time to time we see
cause lower input resistance is equal to lower reIs a 112 Tube
flected resistance in this resonant circuit so that
the statement in an article
Needed in the
First stage?
the resonance becomes more pronounced. This
about high-quality audio amplifiers that it is a good plan theory is borne out by the fact that many amplifiers, which are perfectly stable when operated
to use a 1 12-type tube in the detector socket because of its low output impedance. The object out of 10,000 ohms, begin to oscillate badly at
is that under these conditions the first audio
5000 or 6000 cycles when worked out of low
transformer works out of a tube whose im- impedances.
pedance is, ostensibly, 5000 ohms, instead of
The Sangamo amplifier begins to fall off when
12,000 ohms for the 201-A. Therefore, the articles worked out of 20,000 ohms but is still much betargue that the low-frequency response will be
ter than many when worked out of the impedances for which they were designed.
better. We have often suspected this to be a
piece of nonsense, and recent tests made in the
The truth of the matter is that a well-designed
transformer is engineered with some particular
Laboratory by Howard Rhodes on a two-stage
input resistance in mind. When worked out of
Sangamo amplifier have proved our contention.
this resistance the characteristic will be the
Little or nothing has been said about what
happens to the high-frequency response of an
best, if this resistance is something else the characteristic goes bad. If the resistance is 5000
amplifier when the impedance out of which it
works is changed. It seems to be assumed tacitly ohms a 1 12-type detector tube will give better
that nothing happens, or if it does, the difference over-all frequency response; if it is 10,000 ohms
does not matter. This may be part of the gen- a 201-A detector will be better.
eral negligence on the part of amplifier designers
The question remains, what is the output
to consider the high frequencies as unimportant,
impedance of an average detector circuit? Who
knows? — Keith Henney.
occasioned without a doubt by the unreasonable

A

Test

Set

for

the
By

CT*HIS is the second article on practical
■*■ service problems by Mr. Alcorn. In his
first story, the author discussed what seemed to
him the ten leading service troubles, analyzing
some of them in detail. This one deals with
short circuits and the "case histories" represent actual and most interesting experiences which should be useful not only to
those who have occasion to service or use the
particular sets referred to, but also to those
doing service work on almost any set. Surprisingly little really helpful data has appeared in print on service problems. It is our
hope that these articles by Mr. Alcorn, and
other similar articles which we may publish,
will in a measure fill this real need.
— The Editor.

IN SERVICING radio receivers repair men
and radio dealers are confronted constantly
with mystifying problems which tax their
ingenuity to the extreme. In some cases several
hours of experimenting may be necessary before
it is possible to locate the trouble and start work
on the repair, whereas other times an unusually
baffling condition may be cleared up accidentally in a few moments. The writer does not wish
to infer that he has found the solution difficult in
all, or even a majority, of the problems in radio
servicing, for this is not the case. On the contrary, the owner's description of the receiver's
performance often permits one to diagnose
the trouble, and other times it is possible to
analyze the difficulty by merely turning the
tuning controls for a few moments. However,
there are a sufficient number of unusual ailments
which a receiver is apt to contract to make this
line of work full of interest.
In last month's article of this series the writer
described several unusual experiences which he has had in locating
troubles caused by open circuits. It
is admitted that the difficulties cited
were out of the ordinary, but they
serve to point out the type of work
a service man must be prepared to
tackle. In all probability open circuits of the types described may
never be experienced by the reader,
but they are typical of the peculiar
problems which present themselves
every day. While on this subject
there is one new case of open-circuit
trouble which may be of interest.
The writer was called upon to repair an Atwater Kent Model 35
receiver, and after testing the various
circuits it was found that there were
a great number of open circuits.
Both audio transformers were burned
out, the grid suppressors were open,
the primary windings of the radiofrequency transformers were defective and, in addition, several by-pass
condensers were blown out; in fact
the set was almost a total wreck.
However, after all of these parts had
been repaired or replaced the set still
refused to function, although the
usual tests showed the continuity
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The second installment
of a series of articles
relating the experiences
of a radio service man
of all parts to be in order, except that the
B potential did not reach the plates of the
tubes. After considerable checking, the trouble
was located in the battery cable, but not in
the place where one would normally expect to
find it. The A+ wire in the battery cable of this
receiver is fitted with a lug for connection with
the storage battery, and the B — wire is connected
with the cable in this lug. In some way the B —
wire had become loose, and an oxide had formed
which insulated the wire from the cable. W hen
this difficulty was repaired no further trouble
was experienced with the receiver.
GOOD EQUIPMENT NEEDED
IN THE servicing of radio receivers a repair
* man is lost without the proper tools and testing equipment. Both of these items are of
equal importance and their selection deserves
the most serious consideration. With a welldesigned portable test set it is possible to locate
most all causes of trouble in a fraction of the
time that would otherwise be required, and, if a
complete set of tools is available, the receiver
often
may when
be repaired
in thehimself
customer's
However,
equipping
with home.
tools
and test apparatus the service man should always consider the equipment from the viewpoint
of portability and convenience.
In addition to its utility value a service man's
equipment accomplishes another very important
result; namely, it creates a favorable impression
in the mind of the client, and this is very important. Therefore, when building or buying
portable equipment it is wise to consider its appearance aswell as its usefulness.

There are a number of excellent test sets
available on the market, and, if the service
business will stand the strain on its pocketbook, one of these instruments is an excellent
investment. Such apparatus is now being made
by Hoyt, Jewell, Supreme Instrument, Weston,
and other instrument manufacturers. The writer
recently had an opportunity to experiment
with the test set made by the Supreme Instrument Company, and, while it is rather expensive,
it is as complete an outfit as could be desired.
The set is designed especially for use in the field,
but it is also excellent for work in the laboratory.
It consists of an oscillator, a wavemeter, a
calibrated variable condenser, and a powersupply circuit which operates direct from the
a.c. line. The set is housed in a neat case which
also provides space for carrying tools, tubes, and
enough supplies to meet the usual requirements.
It may be considered a portable laboratory.
Unfortunately most service men cannot consider purchasing elaborate test equipment of
the type referred to in the above paragraph,
because of the high cost of such apparatus.
However, it is possible to build a very satisfactory set-checking device at a considerable
saving in expense. It is true that such a set tester
may not be quite as versatile as a commercial
product, but it may be constructed so that it is
satisfactory for most purposes. The set checker
designed by the writer will indicate short circuits, open circuits, and the general condition
of tubes in both a.c. and d.c. receivers, and it is
made up of meters that every service man
should own. Of course, if high-grade meters
are used the cost may be as high as $40, but this
is considerably less than the average commercial
outfit.
PARTS NEEDED
A LIST of the apparatus required for the
construction of the set checker is as follows:
One
double-range
panel-mounting high0-200
volts;d.c. voltmeter, 0-8 and
resistance
One panel-mounting d.c. milliammeter, 0-100 milliamperes;
One portable triple-range a.c. voltmeter, 0-4, 0-8 and 0-150 volts;
Two
Benjamin
Nine Carter tip sockets,
jacks; ux-type:
Two single-pole,
button switches;double-throw pushOneswitch;
double -pole double -throw
One double-pole single-throw switch;
One wooden case (large enough to
provide space for accessories) ;
One bakelite panel.
The accessories used with the test
set follow:
One set of test prods;
One socket adapter, UX199 to UV199;
One201 socket
a; adapter, UV199 to UX199;
One socket adapter, UX199 to uvOne Jewell uy socket adapter, type-
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One test cord (made by connecting
two
bases by six feet of
521; UX199battery
four-wire
cable).
The complete schematic diagram
of the set tester is given in Fig. 1 .
The portable a.c. voltmeter is not

100
connected directly in the tester, but it is a
necessary piece of equipment which should
be on hand at all times. One of the sockets
called for in the list of parts is connected in the
position indiacated by the tube in the diagram;
the
markedof "test
plug" aresocket.
connected
to four
the wires
terminals
the second
The
notations on the drawing indicate many of the
ways in which the tester may be used, but a few
additional pointers may be of interest.
In checking a battery-operated receiver with
this set tester it is best to start by removing
each tube of the set in turn and inserting it in
the tube sockets of the tester, the test plug socket
of the tester being used for the test cord which is
also plugged into the empty socket of the receiver. Next, throw the double-pole switch to
one side, but change it quickly to the other side
if the d.c. voltmeter is incorrectly connected, i.e.,
if the needle tends to move in the wrong direction. With the tester connected in this manner
the milliammeter will indicate the condition of
the circuit under test; if the deflection of the
meter is correct for the tube used, it is necessary
to assume that the circuit and tube are operating
properly, but a large deflection indicates a short
circuit and zero deflection indicates an open
circuit.
After the above check has been completed it
may be necessary to make further tests in
order to locate the exact position of the opened or
shorted circuit. In this connection it is interesting to note that tip jacks have been provided on
the tester so that each of the meters may be
used separately. When testing a.c. sets the
portable a.c. voltmeter is used to measure the
filament or heater potentials, and then the circuit is checked in the usual manner with the
tester. It should be remembered that the d.c.
voltmeter will not record the filament voltages
of an a.c. set, and, therefore, the double-pole
switch should be open when making the tests.
The tools and replacement equipment which
it is necessary for a service man to carry with him
in the field vary in different territories. In districts where it is necessary to travel a considerable distance from the shop it is essential that the
equipment be very complete, and it should
consist of a large assortment of tools as well as
a number of replacement parts, such as transformers, condensers, etc. On the other hand,
when working in a city a large kit of tools and
parts is not essential. However, it is always advisable to carry a complete assortment of tubes
and a few minor parts such as grid leaks, fixed
condensers, amperites, etc. For city work the
tools which the average service man considers it
necessary to carry are a pair of long-nose pliers,
a screw driver and an electric soldering iron.
AN EFFICIENT TOOL KIT
"T^HE writer was once employed as field en' gineer for a well-known manufacturer, and,
while acting in this capacity, he covered
most of the southern states. In this work
it was necessary for him to carry a very
extensive kit of tools in order to be able to
meet all conditions. In this particular case
the tools were carried in a case with straps
for each tool, thus making it difficult to
lose equipment as each strap had to be
filled before leaving the scene of work. A
list of the tools included in this kit is as
follows: flat-nose pliers, long-nose pliers
round-nose pliers, diagonal pliers, slipjoint pliers, long-nose angle pliers, duckbill pliers, ratchet screw driver with three
blades, screw driver with screw-holding
attachment, set of Stevens Spintite
wrenches with detachable handle, Yankee
push drill, American Beauty soldering

RADIO

BROADCAST

A HANDY A.C. VOLTMETER AND TEST PLUG
iron, bits, reamers, and counter-sink bits. The
miscellaneous equipment consisted of solder,
soldering flux, tape, saddle tacks, lead-in strips,
ground clamps, etc.
SHORT-CIRCUIT TROUBLES
TROUBLES caused by open circuits, which
werearediscussed
in last types
month'sof
issue,
only oneat oflength
the many
difficulties experienced in the repair of radio
receivers. Short circuits cause the service man
nearly as much worry as the former, and they
will be considered in the following paragraphs.
Short circuits, it might be explained, occur in
accessories as frequently as in the set itself, and
they frequently are the result of carelessness or
inexperience on the part of the person installing
the receiver.
Short circuits due to carelessness or inexperience frequently are found in the Radiola Super
Eights
Radiola 20's.
In these
receivers
six dry and
cells the
are connected
in series
parallel,
and
in installing these batteries a short circuit is often
caused by two negative terminals touching
each other, thus shorting one or more batteries
and
the setanother
to go "dead."
time isis
lost causing
and often
set of Much
batteries
ruined before the real cause of the trouble is
discovered.
Another rather baffling short circuit, which is
encountered frequently, is found in the older
types of reflex receivers, such as the de Forest.
Although there are few of these sets in city
homes, many of them are still being used in
outlying farm districts. This particular short
manifests itself as an open circuit, and, when the
set is tested with a set checker the results indicate a burned-out transformer. However,
further testing will show that the transformer is
perfect; the trouble being caused by a shorted
condenser in shunt with the primary or secondary winding of the transformer. When the faulty
condenser is removed the set will function but
bad distortion will be experienced until the
condenser is replaced.
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An interesting short circuit of a peculiar nature was discovered recently in a Radiola 18.
The receiver provided entirely satisfactory results for several months before the trouble
developed, and then the owner reported that the
only way it was possible to obtain reception
was to remove the first r.f. tube. The service
man who was sent on the job went prepared to
replace the tube which he considered defective.
However, it was found that fhis was not the
cause of the trouble. Upon removing the set
from the cabinet after the usual test failed to
indicate the fault, it was discovered that when
the tube was inserted in the socket, instead of
fitting into the contact springs, one of the filament prongs pushed its contact spring against
another lead, thus causing a dead short circuit
through the first r.f. coil and making the set inoperative. A simple operation with a pair of
pliers shifted the spring to its proper position
and corrected the difficulty.
One of the simplest receivers ever placed on
the market developed one of the most unusual
difficulties which has ever come to the attention
of the writer. The set referred to was one of the
old bread-board-type Atwater Kent receivers,
and because of the simplicity of the receiver no
complications were expected when the call for
a service man was -received. The owner stated
that the set performed perfectly on the previous
evening, but that he was now unable to coax it
into operating. When the service man arrived he
discovered that the set would play satisfactorily
when held in the hand, but as soon as it was placed
on the table it was inoperative; this was indeed
an unusual condition. After carefully checking
the set it was found in perfect condition, and
then the surroundings were examined. Finally
the trouble was found to be caused by the table
cover on which the set had been placed; the
cover being made of metallic tinsel, it caused a
number of short circuits in the exposed wiring of
the receiver. Then a little judicious questioning
disclosed that the lady of the house had placed
the table cover under the set during the day,
and this explained why the set performed on the
previous evening.
Table covers having metallic tinsel in their
make-up have been the cause of more than one
set being inoperative. A few days after the
experience described above a service man was
asked to repair a Radiola 18 which was found
to have a short circuit caused in this way. In
this particular case the location of the short
circuit was never discovered, but removing the
table cover corrected the difficulty.
CARELESSNESS IN SOLDERING

INNUMERABLE short circuits are caused by
carelessness in soldering at the factory, and a
recent example of this was found in a Radiola
30A. This set had been operating perfectly for a
period of three months when it suddenly stopped,
and all the usual tests failed to disclose the cause; even the continuity
to place
test of the manufacturer did not show
't( ofPushMeterButton
in Plate
Circuithigh Scale
external
Bat. in series anything wrong, still the set remained
' 1iConn.for
with low side
of Meter
perfectly silent. Finally, it was discovered after a careful inspection, that
a thread of solder, which was so fine
that it was barely visible to the eye,
was
across the antenna and ground conConn.for separate
nections. This thread of solder probably
use of Meter
was caused by the iron being slid from
one connection to another when the
set was wired and it did not cause a
.' D.P D.T.S. To cut Voltmeter
short circuit until the vibrations from
Toof Voltmeter
reverse polarity from Circuit
the speaker caused it to sag. However, in
of
the proper position, a thin piece of solder
t--' jTo(TestFilaments
Socket Plug
is as effective in stopping the operation of
FIG. I. DIAGRAM OF THE TEST SET
a receiver as a piece of No. 14 bus bar.
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THE number of radio service men appears
to be increasing with great rapidity.
Many service men, both old and new are
readers of Radio Broadcast and quite naturally
look to these pages for information of specific
help to them in their daily problems. It is true,
in a sense, that every radio article is of some
help to those working in the field, but articles
prepared with the problems of the service man
chiefly in mind are badly needed.
Regular features now found in this magazine
are designed to be of general help to those working in this field. In this classification fall the
Radio Broadcast Laboratory Data Sheets,
Radio Broadcast's Service Data Sheets on
Manufactured Receivers, "Strays" from the
Laboratory, "Our Readers Suggest . . .," and to
a certain extent, Radio Broadcast's Home
Study Sheets. And, beginning with the November issue, we started a series of general articles
on radio service problems by B. B. Alcorn.
The chief problems encountered in the field by
service men are classified in order of their importance byMr. Alcorn as follows:

serving their purpose unless they are in the
hands of one who really knows how to use
them." This service man concludes: "The servicing of radio receivers is a profession that no
one need be ashamed of and the radio industry
would certainly suffer if all service men were to
be removed from the field."
The radio service man will not depart from the
field, for he is too valuable a part of the present
radio structure. "The Service Man's Corner" in
Radio Broadcast will, we hope, be of help in making his work easier, by affording a medium where
ideas and comment useful to him can be exchanged.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

V\ TITH this issue, we start a regular page
W for the practising service man. This
department will, we hope, he a forum where
service men can discuss their problems, get
their pet ideas into print, and see now and
then a hint which will he useful in their daily
work. Contributions, which preferably should
be short, to the point and typewritten, are
solicited and will be paid for if used. Address
your articles to the editor, "The
Man' s
-TheService
Editor.

Dead tubes.
Run-down batteries.
Open circuits.
Defective parts.
Defective grounds.
Use
of various
"gadgets."
Defective
antenna.
Misconnections.
Short circuits.
Lightning arresters.

A few of these problems were discussed in Mr.
Alcorn's November article. In later articles, he
treats of the others. Do men actually facing the
problems of curing sick radio sets in the field
agree with this estimate? If not, in what order do
they list the troubles? What interesting shortcuts to the work in hand have they evolved?
What simple test-sets have they built for their
own use? What small and persistently annoying
little problems have been solved in practise?
Wouldn't a short description of any one of these
pet ideas prove helpful to others doing the same
sort of work? "The Service Man's Corner" will be
a regular feature of Radio Broadcast from
this issue on, and contributions from service
men and professional set builders are welcomed
and will be paid for at regular rates.
WHAT ONE SERVICE MAN SAYS
THE data that I feel is most needed by the
service man is along the lines of test apparatus that he can construct himself, and so know
the whys and wherefores of what is happening
when he uses the test sets, I have found a number
of service men who can use the more elaborate
test sets put out by
several concerns.
But few of them
understand what
the different readings show them
about the condition of the receiver
under test. These
really fine pieces of
apparatus are not

Field Suggestions
\ A / HEN I received a letter from the editor of
^ * Radio Broadcast, suggesting that suggestions from service men would be appreciated
and asking if I had anything to say, 1 felt much
as I would if anybody had hinted that 1 might
improve Bobby Jones' drive. And — in case you

Corner.'

don't
— myaround
golf drive
a sine wave.
1 haveknow
fooled
withlooks
radiolike receivers
for
some time,
starting
just soafter
radioI
opened
up after
the war,
1 can"ham"
safely say
know nothing about radio. (You know, when you
first start, you know it all). I've picked up a few
kinks, most of which are doubtless ancient history
to real service men. But I am glad to write about
them in the hope that it will help bring to light
some really good information on the subject from
others. There seems to be a surprising dearth of
information
on the subject; I can't find any book
that covers it.
Use of a Set-Analyser: The service man should
have in his kit a good set analyzer, of any good
make. Working without one makes the job
harder than necessary, and the use of one has a
valuable psychological effect on the set owner,
which is worth something. This unit should be
capable of measurements on both battery- and
a.c.-operated sets, and its use should be
thoroughly studied.
Another tool almost as useful is a modulated
oscillator that will cover the broadcast spectrum,
which can be modulated for balancing sets using
neutralized circuits. I have one that is small, selfcontained, and does the job. Single-control sets
are now in wide use, and if the condensers in the
set under test do not gang or do not follow very
closely, the receiver cannot give its best performance. One of these oscillators will permit the
101

service man to adjust the condensers to a nicety.
Unless there is an adjustment provided, you do
it by bending condenser plates, of course. The
plates will get out of line in shipping, even when
every care is taken at the factory. That, we are
sorry to say, is not always the case. (A modulated
oscillator was described on page 90, June, 1927,
Radio Broadcast).
A tool 1 want is a tube checker working off
the a.c. light socket to handle any of the usual
tubes. They are on the market, but the price is
too high for me and I am hoping Radio Broadcast will tell us how to build one. [A description
of such a tube-checker as constructed in our
Laboratory will appear in "The Service Man's
Corner" in an early issue. — Editor.]
■ • — H. J. Goddard, Ellendale, N. D.
miscellaneous service suggestions
R. GODDARD has noted down some other
M service suggestions, which follow:
Line-voltage control: The advent of a.c. sets
has shown up the floppy condition of the average
commercial power line as nothing' else could.
Many a set is hooked to a line that varies from
105 to 125 volts. The latter condition is especially hard on tubes. Every service man should
see to it, if the line voltage is high, that it is
reduced to normal before it reaches the set. A 50- .
ohm resistor that will handle around 40 watts
will do the trick. I like them variable particularly
if they can be mounted on a bracket in a console,
out of sight. They are cheap and will pay for
themselves in no time. 1 'd like to see some reputable company build such a resistor that can be
plugged-in between the outlet and the set plug
so that a turn of the cap will permit adjustment.
There should be a big sale for them. [A number
of resistors which can be used for this purpose are
now on the market. Although none of them have
precisely the features which the writer desires,
the adjustable units are satisfactory for the purpose.— Editor.]
Excessive plate voltage: Don't forget that a high
plate voltage is almost as hard on a tube as high
filament voltage. Watch that plate voltage if
you want your tubes to last.
Blinking a.c. tubes: Every now and then you
find an a.c. tube that is a blinker. These tubes
start all right when cold, but when heated, a small
break in the heater filament separates and for
all practical purposes, the tube goes dead. When
it cools a bit the ends come together and the tube
starts
bad case theof tubes
"fading"
due to again.
this veryI found
thing. aWatching
and
noting which filament goes black of course localizes the trouble. [See p. 428 Radio Broadcast,
April 1928, where this point was discussed at some
length. — Editor.]
Ca ut ion : Ever
notice tionsthe
to keepinstrucyour
hands out of a set
when the a.c. is on?
Manufacturers do
that because they
are sore at the
mortician.
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with our recently anIN ACCORDANCE
nounced intention to broaden the scope of
this department, while not departing from
its original purpose of serving the broadcaster,
we are going to print considerable material on
sound movies, of the same general type as the
articles which have already appeared in "As the
Broadcaster Sees It." For those readers who are
interested professionally in talking pictures
additional references will be of interest. I have
prepared these in the form of a haphazard, informal bibliography — haphazard because sound
movie articles giving varying degrees of technical
information are appearing in great numbers and
in widely scattered publications, so that any
sort of complete collation is out of the qtaestion,
and informal because it contains comments and
information not usually included in the austere
files of bibliographies. The list:
Transactions of the Society of Motion Picture
Engineers. Vol. XII, No. 33. The current issue of
this publication contains "A System of Motion
Pictures with Sound," by H. B. Marvin of the
General Electric Company; and "Some Remarks
on the Acoustical Properties of Rooms," by J. B.
Engl. Marvin's article is a description of the
General Electric system as of April, 1928. With
modifications and additions from other sources,
this has become the R. C. A. Photophone system.
The discussion is interesting, in that a good many
questions are asked and answered which are
likely to occur to almost all students of soundmovie technique. Copies of this issue may be
secured from the Secretary of the Society, Mr.
L. C. Porter, 5th and Sussex Sts., Harrison, N. J.,

I EE

ShhTTT

<:aui.
«

at $2.50 each. Earlier issues have also contained
sound-movie material.
Motion Picture Projection, by James R. Cameron. Cameron Publishing Co., Inc., Manhattan Beach, N. Y. The fourth edition of this handbook contains over 1200 pages, of which 124,
starting with page 699, are devoted to sound
movies. There are descriptions, mostly of the
"hand-out" variety, of Movietone, some of
Hoxie's pre-Photophone equipment, Vitaphone,
Vocafilm, and Phonofilm. The paper on the last
named is ascribed to Dr. De Forest. Following
these general outlines there are detailed instructions for the operation of Western Electric
sound-picture apparatus. Apparently this stuff
is reprinted from the manufacturer's bulletins.
It includes general layout wiring diagrams. The
whole book is $6.00.
Bell System Technical Journal, Vol. V, No. 2,
April, 1926. Published quarterly by the American
Telephone and Telegraph Co., 195 Broadway,
New York City. $1.50 per year; 50 cents per
copy. This issue contains a treatise on "The
Alkali Metal Photo-electric Cell," by Dr. Herbert
E. Ives. The general characteristics of central
cathode and central anode cells are given, together with a consideration of the effect of such
factors as gas, polarization and wavelength of
the incident light, the nature of the emitting
material and the surface coated with it, temperature, etc. A selected bibliography is included.
For those who can follow scientific expositions
articles of this and the following type are very
valuable.
General Electric Review, Vol. 31, No. 7, July,
1928. Published monthly by the General Electric
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Company at Schenectady, N. Y. §3.00 per year;
30 cents per copy. This issue contains an article
by Dr. L. R. Roller on ' The Photo- Electric Cell."
It is of the valuable
same scholarly
as Ives'
paper and
contains
curves. type
A few
references
are
given as footnotes.
The American Cinemaiographer, Vol. IX, No. 6,
September,monthly
1928. Abycamera
man's magazine
published
The American
Society
of Cinematographers, Inc., at the Guaranty
Building, Hollywood, Calif. Yearly subscription
is $3.00; single copies, 25 cents. Material on sound
pictures is printed quite regularly. The issue
cited contains a story by Delmar A. Whitson on
his system, and a discussion by the editor on
"Who Invented Talkies?" The material is uneven
and often not free from mistakes, but should
prove informing to readers who do not know
much about the field and want to acquire semitechnical knowledge.
The Motion Picture Projectionist, Vol. I, No. 1 1,
September, 1928. This magazine is published
monthly by the Craft Publishing Co., 45 West
45 Street, New York City; its readers are mostly
motion-picture operators and the material is
semi-technical, about on the same level as that
in the Cinematographer. The September, 1928
issue contains a leading article on "Light Sensitive
Cells" by Samuel Wein, a discussion by Friend
Lescaboura on "Just What May We Expect of
Television?" some Electrical Research Products
material, a reprint from the Electrical Workers'
Journal by Prof. C. M. Jansky, "How a Rotary
Brush ture
of transmission)
Light Paints
andPictures
variousfrom
littleAfar"
items(picof
interest. Like most of the movie-trade journals,
it carries a lot of audio picture stuff.
Exhibitors Herald and Moving Picture World.
This trade weekly carries a monthly supplement.
Better Theatres, which contains semi-technical
sound-movie articles of varying degrees of reliability. The New York office is at 565 Fifth Avenue. Subscription costs $3 .00 a year. The September 1issue
carried a oftheatre
sium, the conductor
which architects'
announced sympoas one
of the major conclusions, "Corrective work will
be necessary in houses where no acoustical properties now exist," while some of the contributors
were responsible for such illuminating statements as, "Will probably require the use of loud
speaker equipment" (in answer to the question,
"What effect will the synchronized pictures have
on the acoustics in building the theatre of the
future?)" and, "Yes, where this has not been
considered, sounds and tones are more sharp,"
the question being, "Will it be necessary for present day theatres to reconstruct so as to provide
for the proper acoustical properties in the auditoriums?" Although the number of such inane
answers was large, the idea of the symposium
was good and a few searching commencs were
elicited. A comical piece in this issue was an
illustration of a section of the dome of a theatre,
showing treatment with acoustical felt, and captioned, "Acoustics in the Fox Theatre, Detroit."
In the September 29 issue F. H. Richardson,
who edits the "Better Projection" department of
the Exhibitors Herald and Moving Picture World
had a discursive but fairly informing article on
"The Pick-Up, " covering methodsof get ting audio
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input to the amplifiers from film and disc sound
records. The illustrations were excellent. Richardson talks on paper, so to speak, which is fine
in fostering informality but uses up a lot of
words when carried too far. The August 25 issue
of the same magazine carried a description of
the RCA Photophone system, under the title of
"How RCA Photophone Times Synchronism."
Except for the title and a few mistakes in the
text, the article was informing enough.
The combined bibliography and review printed
above will give some idea of the variety of publications inwhich articles on or pertaining to
sound pictures are to be found. It includes only
those periodicals in which such material appears
more or less regularly.
Broadcast Standardisation

Manufacturers'
Electr
THE
) ical
ation al(NEMA
AssociNation
has a transmitter
Section which deliberates occasionally
on the subject of what broadcast transmitters
should be like and in what terms it is valid to
talk about them. The last meeting, in June,
1928, discussed a number of technical subjects
especially pertinent in view of present developments.
The following methods for adherence to assigned frequencies by means of automatic master
oscillator control are specified:
a. Quartz crystal
b. Standard clock with harmonic amplifier
c. Tuning fork
d. Magnetic striction bar
In any case it is specified that the master oscillator is to be arranged to be independent of external changes in humidity, temperature, barometric pressure, or loading.
Under the allied subject of frequency monitoring the Section adopted as a standard the use of
an oscillating or heterodyne frequency meter
whose frequency is held constant by one of the
methods above, and so constructed that it can
be shipped periodically to a primary standardizing laboratory.
In rating the coverage of a broadcasting station the population contained within the area
over which the field strength is 5000 microvolts
per meter, or more, is considered basic. Beyond
this, under favorable transmission and reception
conditions, it is permissible to add the population
within a circular area having a radius four times
the mean radius of the basic area. In determining
the distances corresponding to the 5000 microvolts per meter field strength, measurements
are to be made during the daytime on not less
than 10 radii spaced at approximately equal
angles around the station.
AH this is, of course, empirical, but it is certainly effective in bringing down estimates of
broadcast coverage from the blue sky to the
solid earth. Applying the method to a specific
case, we may use the Radio Field Strength
Contour Map of Washington D. C, and Vicinity,
presented as Fig. 9 in the paper by Bown and
Gillett: "Distribution of Radio Waves from
Broadcasting Stations over City Districts,"
(Proceedings I. R. E., Vol. 12, No. 4, August,
1924). This map was based on measurements
made on the old wcap 500-watt transmitter,
which is no longer in existence. The contour
lines in the case of Washington are quite close to
circles, the transmitting conditions being favorable for urban conditions (few high buildings,
and a general distribution of low buildings and
open spaces). The 5 millivolt per meter contour
is a circle with a radius of about 14 miles around
the transmitter. The population within this
circle would have been the basic population

© Fairchild Aerial Camera Corp.
AN OLD MAP SHOWING RADIO FIELD-STRENGTH CONTOURS OF WEAF
SUPERIMPOSED
ON AN AERIAL
PHOTOGRAPH
OF NEW YORK CITY
served by wcap. Under favorable conditions
wcap would have been credited with the population within a radius of 56 miles (four times the
mean radius of the basic area, in this case fourteen miles). The half-tone on these pages
shows the radio field strength contours for weaf
superimposed
York City. on an aerial photograph of New
In rating the audio-frequency characteristics
of a broadcasting station the NEMA Transmitter Section prescribed the following method:
The number of octaves transmitted above 800
cycles (the mean speech frequency) and those
transmitted below 800 cycles, with a deviation
not to exceed plus or minus 1 TU, measured
from the microphone input terminals to the
rectified antenna output, shall be counted, and
the smaller of these two numbers multiplied by
two. The resulting number shall stand as the
audio-frequency characteristic rating of the
station.
On this basis a transmitter with a frequency
characteristic flat within 1 TU between 100 and
7000 cycles would receive a rating of 6, since it
transmits 3 octaves both above and below 800
cycles. If it only went up to 4000 cycles its rating
would drop to 4, since it would be based on the
two octaves above 800. Even if it went down as
low as 50 cycles it would receive no extra credit,
since the method of rating requires a balance
between the ability to transmit high and low
notes. About the highest rating within reach is 8,
entailing flat transmission up to 12,800 cycles on
the high end, and 50 cycles on the low. Apparently no one can get credit for going down below
50 cycles. If loud speakers are improved this
point might be criticized, and likewise the 1 TU
tolerance is open to question, since it cannot be
detected by ear. A 3 TU tolerance might be preferable in practice. The general method, however, seems excellent.
Under "Modulation Capability" the committee
specifies a single-frequency sine-wave audio
input, to the maximum degree of modulation
possible without "noticeable distortion," the
analysis being on the basis of rectified radio-frequency output.
For the purpose of supervising modulation the
Section specifies the use of a standard volume

indicator, on the scale of which the following
relative limits are to be allowed:
Constant
testing tone
30 divisions
Music peaks
Piano peaks
20
15-20
Speech
30
These values correspond to standard practice
in chain broadcasting. The piano is more sensitive
to slight overloading and so is given more margin,
while speech isnouncemenkept
a value
where with
ants wil not down
break tointo
the music
obtrusive loudness.
Regarding microphone set-ups for broadcasting the committee decided that, in "view of the
present relatively undeveloped state of this
portion of the art," this subject should be tabled.
This was no doubt a prudent move, since as
things stand there are as many microphone
set-ups for a given aggregation of musicians as
there are musicians, announcers, engineers,
musical directors, acousticians, program managers, commercial sponsors, studio supervisors,
and advertising experts in the room, every
man is sure he is right, and nobody can prove
anything one way or the other.
Under "Standard Reference ('Zero') Level for
Broadcasting Use," the NEMA group laid down
the following specification: "It shall be standard
for broadcasting use, to regard the term 'reference
level' ('Zero level') as referring to a power of 10
milliwatts, corresponding to a current of 4.17
milliamperes flowing through a resistance of 600
ohms, tionorshould
2.47putvoltsa stop
acrossto 600
definithe ohms."
endless This
wrangling
about "zero level" which has been going on
among the broadcasters.
Transmitter name plates, says the NEMA,
should contain the following data: (a) Power
rating in kilowatts; (b) Radio-frequency range
over which the set will deliver full power; (c)
Characteristics of the antenna for which the set
is designed. That the power rating is to be in
terms of power delivered to the antenna should
have been specified, since in many countries
power to the plates of the radio-frequency tubes
is the basis of rating.
If the Transmitter Section continues its work
on this plane it will become one of the most
infl uential agencies in this branch of the industry.
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Filters

By KENDALL
CLOUGH
Engineering Department, Silver-Marshall, Inc.

"pOR months we have been trying to secure
■*■ quantitative data on band-pass selectors
and Jitters for use at broadcast frequencies.
Not only does Mr. Clough, who is Chief
Engineer of Silver Marshall, Inc., give the
result of his laboratory work, but he gives some
idea of how the home experimenter may play
with the circuit for himself. Mr. Clough
promises more interesting how-to-do-it material for an early issue.
— The Editor.

A CONSIDERABLE amount of material
has appeared in the engineering press on
band-pass filters for radio-frequency
tuners. Principal among these is the circuit discussed by Dr. Vreeland in the Proceedings of the
Institute of Radio Engineers, March, 1928. In
his paper Dr. Vreeland points out very completely the advantages of the use of a band-type
filter in the tuner of the receiver, but for the benefit of those who have not had access to this paper,
these advantages are redescribed here.
If we were to connect a stage of radio-frequency amplification, as shown in the circuit of
Fig. 1, and run a resonance curve at 1000 kc.,
we would find that the circuit responded at and
about resonance as shown in curve a of Fig. 2.
Now in receiving a signal from a transmitter at
1000 kc, we would find that, in the course of
modulation, frequencies varying from 995 kc.
to 1005 kc, had been combined with the carrier.
Obviously, if the reproduction is to be of the
best, a band of frequencies must be transmitted
from the antenna to the loud speaker with equal
amplitudes rather than the single carrier wave
only. Just how wide this frequency band should
be has been the point of many discussions, some
contending that we need to regard only a band
5 or 6 kc. either side of resonance, while others
believe that a band 10 kc. wide each side of the
carrier is necessary for perfect fidelity of reproduction. The finest audio equipment manufactured to-day is designed on the 5 kc. basis, so it
seems superfluous to consider a band of greater
width than this. We are not concerned here with
the actual band width, however. The fact remains that, whichever stand one wishes to take,
the resonance curve a of Fig. 2 does not permit
the free passage of a band of frequencies of any

M = 20uLh
FIG. I
A transformer with a tuned secondary constitutes
the coupling device used between one radio-frequency
amplifier tube and another in the vast majority of
present-day receivers.

THIS PICTURE SHOWS THE EXPERIMENTAL BREADBOARD RECEIVER
WHICH THE WRITER CONSTRUCTED TO TEST THE BAND-PASS PRINCIPLE
appreciable width. It will be seen in the curve
that a frequency 5 kc. off resonance is amplified
only 83 per cent, as greatly as the carrier, and a
frequency 10 kc. off resonance only 62 per cent,
as great.
RESULTS WITH THREE STAGES
PROM an interference standpoint the single
1 stage of amplification would be far from
adequate for modern conditions, so we have
shown the resonance curve b in Fig. 2 which was
obtained by cascading three of the circuits. It
can be seen that the selectivity to an interfering
station is greater, while the 5 kc. amplification is
only 60 per cent, of normal and the 10 kc. amplification 25 per cent, of that of the carrier. The
operation of this receiver would be equivalent
to the use of a tuner with a perfect band pass
and an audio amplifier having good amplification of the bass notes and falling to 60 per
cent, of the bass amplification at 5000 cycles,
and 25 per cent, at 10,000 cycles. It should be
remarked that the receiver having the resonance
curve b of Fig. 2 would not be considered a
particularly selective receiver, so the reader can
judge for himself the side-band cutting that is
going on in the high-grade selective outfits. The
ear is a tolerant device, and never seems to miss
that which it has not heard.
Now, it may be demonstrated that the resonance curve shown is a definite geometrical shape.
By this we mean that there is no adjustment
(such as the resistance of the coil, the primary
coupling, or the L/C ratio) which will cause the
circuit to admit, say, a 5 kc. band with more
facility without admitting an interfering station
10 or 20 kc. off resonance with corresponding
facility. Thus, the only circuit of the usual resonant type which would provide perfect fidelity
would be a circuit infinitely broad, a mathematical fiction which would be worthless in reality.
104 change in the shape
This indicates that an entire
of tuner response would be desirable.
The dotted-line rectangular curve of Fig. 2
would be the theoretical ideal shape. This shape
is not capable of attainment, but there is a cir-

cuit, old in the art, which under proper conditions will produce a response approximating this
curve more or less closely.
Dr. Vreeland has discussed a similar circuit
(Fig.be3) shown
in detailthatin this
the paper'
but it
can
circuit mentioned,
is the analytical
equivalent of the circuit with which we are to
deal, Fig. 4, and which has been covered theoretically inall standard texts. So thoroughly has it
been discussed that there is little we can add to
the treatment other than to present curves and
observations made in the laboratory. It is hoped
that certain readers will find sufficient material
and interest in these notes to enable them to go
on with the experiments in this interesting field
of band-pass filters which is far from a state of
perfect practical application.
The theory of this circuit indicates that, when
the coils, coil resistances, and condenser capacities are identical in each circuit, both circuits are
tuned to the same frequency (due to the identical
construction) when operated independently.
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If the voltage across the condenser in Fig. i (e->)
were measured as the frequency of the voltage input
to the preceding tube was changed, a curve similar
to "a" in this graph would result. If three stages were
used, the selectivity would be greater, as shown by
the decreased response at points jar away jrom
resonance in curve "b."
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However, they actually tune to two separate
frequencies when operated with coupling between the two circuits as shown. In other words,
if the coils and capacities are of the proper size
to tune both circuits, Li, Q, and L> Q>, to a
frequency of Fi kc. independently, the combination will not have any resonant peak at Fi kc,
but will have two resonant peaks at other frequencies. One of these peaks will be Fm kc. above
the frequency of resonance, the other will be
Fm below the frequency of resonance and this
interval of Fm is defined by the equation:
■0)
This equation says in simple terms that, if the
mutual inductance between the coils is A per cent,
of the inductance of either coil, there will be a
peak of resonance A/2 per cent, either side of the
frequency of resonance of the circuits considered
independently. Thus, in the circuit of Fig. 4, if
we select two coils of 230 microhenries each, tune
them independently to 1000 kc, and then
couple them with a mutual inductance of 2.3
microhenries, there will not be a resonant peak
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(diagram a)

How the circuit actually was set-up to he measured. A screen-grid tube fed the vacuum-tube voltmeter by
means of the band-pass coupling mechanism. Diagram A — Two possible methods of obtaining one per
cent, coupling between the two Silver Marshall coils used by Mr. Clough.

plished by disconnecting the primary condenser,
Ci, and tuning the secondary to resonance with
the desired wave, then disconnecting the secondary condenser, C2, and tuning the primary. It
was necessary to use a strong signal from the
oscillator while tuning in this manner as the
transfer from one coil to the other was very
low. After tuning each circuit independently,
both condensers were connected and the curve
for a particular frequency measured. These
curves were taken at 600, 1000, and 1500 kc,
and are shown in the full lines of Fig. 6. It will be
noted that they check very well with the theory
of the circuit, for in the 600 kc. curve Fig. 6a,
we have the two resonant humps lying very close
to 3 kc. off resonance on either side while in the
1000 kc. curve, Fig. 6b, they are 5 kc. off the
FIG. 4
normal resonance of the individual circuits. The
Mr. Claugb chose to study this variation of the V ree1 500 kc. curve did not turn out as well, although
land scheme — he uses the mutual inductance be- the separate resonances can still be distinguished.
tween two coils as the coupling impedance.
It will be noted that the curve at 1000 kc. compares very favorably with the ideal curve as the
at 1000 kc, but there will be two other peaks,
amplification varies very little in the 5 kc. pass
band either side of the carrier. Attention is called
one at 995 kc, and the other at 1005 kc. Anticipating that this arrangement would approximate
to the variation with frequency in the width of
the band passed in the three curves, which was
ideal selectivity, the circuit was set up for measurement and curves were run.
predicted in equation (1) to which we will refer
later.
ANALYSIS OF CURVES
obtained with the screenTHE circuit used for these curves is shown in gridThetubelow inamplification
the above curves is of no moment for
Fig. 5. Two commercial coils of very low-loss our discussion. It was due to the low value of
construction, the specifications of which are given coupling used between the tube and primary
on the circuit, were chosen for the tuner. Two
circuit (20 turns at the base of the coil), which
mechanical placements are given in Fig. 5A was employed in order to prevent the tube cirwhich resulted in a measured mutual inductance
cuit from affecting the coil circuit until the curve
of 'i per cent, of the coil inductance. In order to shapes were assured.
compensate the tube and other capacities of the
In order to compare the shapes of the band
curves of Fig. 6 with the performance that
circuit, the tuning of the condensers was accomwould be obtained when using
the same tube, coupling, and coils
in Fig. 7, the secondary circuit
was removed and the measurement repeated with the single
circuit shown in Fig. 7. These
curves are plotted in dotted lines
in Fig. 6 so they may be compared
with the band-pass filter performance. Itwill be noted that at each
measured frequency the selectivity
of the band circuit is greater than
the ordinary resonant circuit and
that the amplification is about
on a par, one with the other.
Other curves were checked using the whole primary coil for
coupling to the tube. It was
FIG. 3
found that the curve shapes remained substantially the same
Dr. Vreeland's circuit started all the discussion regarding
as
shown
in the full lines of Fig. 6,
hand-pass tuning for broadcast-frequency amplifiers. It conbut the amplification went up to
sists oftwo identical coils and condensers tuned to the same
an average of 30 per stage.
frequency and coupled together by an inductance.

NEW FILTER UNIT
ZITHER studies of this circuit indicate that
^-^ the coil resistance must be kept very low
in order to maintain the desired shape of curve
and amplification for the stage. A similar type of
band-pass filter having two sections has appeared
recently upon the market and the writer had an
opportunity of running a curve on the selector
feature. The size of the coils was such that a high
resistance could be predicted and the resulting
curve is shown in Fig. 8. It will be noted that the
amplitude varies very badly with the frequency
and the band effect, while better than the average tuner, is far from the desired shape.
To check by actual observation the effect of
the band passed on the reception, a receiver was
made in breadboard style with two of the band
circuits and screen-grid tubes. Feeling that some
readers may desire to hear this circuit for them—H
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A commercial receiver uses a system somewhat
similar to the one described in this article. The re- \
sult obtained in measuring the ratio between output
t selector is1and input voltages
band-pass
P
shownof insuchthisa figure.
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The compute schematic diagram of the experimental breadboard receiver which is pictured at the head of
this article. Note the thorough filtering of all the screen-grid and plate leads, the volume control which varies
the screen-grid voltage, and the absence of shielding except the single metal plate.
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good band-pass filter effect. Good coils are
usually large physically, so good band-pass filters
can be expected to have a considerable amount of
bulk in their finished form.
(2) That with good coils, better selectivity
per stage can be attained than is to be had with
the same coil operating as a conventional radiofrequency transformer. In general, it can be said
that this increase will not be great enough to
compensate the greater cost of the band-pass
tuner stage, which is at least double that of the
single circuit.
(3) That the width of the band passed will
vary with frequency when attempting to tune the
broadcast band by means of fixed coils and variable condensers. This follows from the theory of
the device, and was confirmed by the curves which
show that with a 1 per cent, coupling the
band passed was 10 kc. wide (total) at 1000 kc;
6 kc. wide at 600 kc. This constant percentage
relationship prevents the attainment of the
correct band width except over a small range of
frequencies without changing the coupling between the coils. A similar situation has been long
tolerated in radio-frequency transformers, however, so this is not a serious consideration.
(4) That it is not possible to cascade sufficient
of these stages to obtain the degree of amplification that is usual in sensitive radio receivers
without prohibitive cost and constructional
difficulties.
(5) Far superior tone quality can be obtained
by the use of a band-pass device than from the
use of simple resonant circuits. It is undoubtedly
on this last point that the band-pass filter will
find a prominent place in the radio art.
LIST OF PARTS

selves, the complete circuit diagram of this set- in the past. The two tuned circuits above present
sufficient selectivity to form very fine receivers
up is given in Fig. 9, as well as a photograph
from which the physical considerations can be with a good "untuned" amplifier of this type.
seen. One coil of each of the pairs was mounted
CONCLUSIONS
in slots so that the coupling could be varied, thus
varying the width of the pass band. The distance
\ A/H1LE this is not intended to be a "final
between coils used in making the curves was
' * hearing" on the subject of band-pass
marked so that it could be referred to during amplifiers, it would appear that sufficient maoperation of the receiver.
T his receiver was operated for
two evenings in conjunction with a
THE apparatus used by the writer in making
this investigation is given below. There is
Silver-Marshall type 682-250 pack
with remarkable results from a
nothing special in any of the parts, and similar
quality standpoint. Several unapparatus would perform as well. The coils, as
biased observers stated that it was
mentioned above, must be of low-loss construction.
the finest quality of reception they
The list follows:
had ever heard, noting particularly
the excellent timbre of the high
Li — 1 S-M r.f. choke coil, No. 275;
notes of the piano and organ. It
would be even safe to say that
L2,(minus
L3, L4,
L5 — 4 S-M inductances, No. 140
primary);
some of the curse is removed from
FI
Ci,0.0003
C2, 5-mfd.;
C3. Q — 1 Four-gang condenser,
soprano solos when the overtones
+ 45 +135 G. 7
are freely admitted by a band
C5, Ce, Cn — 3 Parvolt condensers, 2-mfd.;
filter.
C7, C8 — 2 By-pass condensers,
'i 0.1 mfd.;
The dotted curves in Fig. 6 were taken with this circuit, which is C9 — 1 Carter condenser, 0.0001
By placing a milliammeter (0-3)
5-mfd.;
in the plate circuit of the detector,
C10 — 1 Condenser, 0.00 1 -mfd.;
an auto-transformer in which part of the coil is used as primary
and
all
of
it
as
secondary.
Ri — 1 Filament resistor, 10-ohm;
the double hump of the curve could
R2 — 1 Potentiometer, 3000-ohm;
be noted at the lower broadcast freR3 — 1 Filament ballast, 10-ohm;
quencies. Selectivity was ample for Chicago
terial has been presented to arrive at the followR4
— 2 Filament ballasts, 10-ohm;
ing conclusions with regard to circuits of the
conditions, good clear spaces being obtained be1 Durham clips;
grid leak, 1 -megohm;
8Rs— — Fahnestock
tween the local stations in a location where local
type discussed:
field strengths were very great. In these clear
(1) That the coils must be carefully matched
VTj, VT? — 2 Screen-grid tubes;
and of low-loss construction in order to obtain a Det — 1 Detector tube, 312-type.
spaces on the dial two out-of-town stations could
be heard weakly, but the amplification of the
1
■ 1
system was not sufficient to provide a good signal.
1
The receiver in the form indicated could be called
1
1
an excellent local receiver of the highest quality.
'*
To extend the scope of this model beyond local
** /
reception, two possibilities present themselves
ft
1
for the future. The first would be the addition of
band-pass filter stages. This does not appear
feasible except for those who can bear the expense
l\I \
1
and the necessary difficulties attendant with the
f I1 u
\ \
1
1
matching of the large number of stages which
1 — 1—1
V 111
/
would be involved. The other possibility is the
1
! WL
use of a broad amplifier having no manual ad1 11
justments and equally responsive over the whole
1
broadcast band. Many will recall the amplifiers
600KC. +10 +20
( B) 1000
KC. +10 +20
of this type used in the early days of broadcast(A)
ing when the tuned radio-frequency receiver
FIG.
6
came to the rescue. Perhaps with more general
knowledge of electrical theory better success
The result — note that in each case the dotted curve, which represents a conventional transformer
could be obtained with this type of circuit than
with only the secondary tuned, has poorer selectivity than the double-tuned transformer.
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Resonance in Radio Circuits
Part I
TTTHENEVER one tunes his radio receiver or transmitter he performs
V' one of the most interesting and most fundamental experiments in all
electricaltical y al science;
he demonstrates
a phenomenon
that underlies
pracradio work.
This is the phenomenon
of resonance
which occurs
in an a.c. circuit under certain conditions of inductance, capacity, and
frequency.
study, experimentally, this phenomenon of resonance, we will need
theTofollowing:

o

LIST OF APPARATUS
1. A simple radio-frequency generator consisting of a vacuum tube
connected to a coil and
100,000 u
condenser as in Fig. 1.
The
platevolts
potential
150-180
may beof
supplied
by
a
standard
B-power unit.
2. A meter which will
read
current. radio-frequency
The Weston
Model 425 thermogalvanometer
is a good
It will measureat
3>„ example.
115
milliamperes
frequencies,
has a
§ radio
resistance
of 4.5 ohms,
£ and costs $18.50. This
12 inis rather
but,
view ofexpensive,
the number
of uses to which it can
be put, it is found in
every well-equipped
laboratory.
Other meter
manufacturers
similar
meters. make
FIG. I
3. A coil. The one used
in taking data for this
experiment was part of
a Browning-Drake Kit and had the following dimensions: number of
turns,
46; No.
length
of winding
was about
24 and
was spaced1-11/16";
about thediameter,
diameter 2-11/16".
of the wire.The wire
4. A calibrated variable condenser — a good one is a General Radio Type
247-E in which the capacities are engraved on the dial.
PROCEDURE
Start up the generator, and if possible, measure its frequency or wave
length. This is not essential, however. Connect the coil, the condenser,
and the current meter in series. Couple the coil loosely to the generator
inductance, and slowly tune either the generator or the tuning condenser
until somedicatedcurrent
read onis athemaximum,
meter. Tunemaking
through
inwhen the iscurrent
sure"resonance,"
that the meter
does tor,notand go
off
scale.
Now
use
as
loose
coupling
as
possible
to
the
generaplot the current (or deflections of the meter) against condenser
degrees and condenser capacities, as the tuning condenser is varied
the generator.
A specimen
"resonance"
is shown
inthrough
Fig. 2. resonance
Add the
a 10-inductance
towith30-ohm
seriesthewithformula
the circuit
Calculate
ofresistance
the coil infrom
givenandin repeat.
Home
Study Sheet
No 2 (August
RadioandBroadcast)
necting wavelength,
inductance
capacity, and from the formula conX LX C
C(wavelength)==3.54
is in mmfd.
L is in microhenries
wavelength is in meters.
DISCUSSION
What is happening that the current in such a combination of apparatus,
known as a series-resonant circuit, increases at first slowly, then more
rapidly, then decreases sharply, and finally falls off to a very low figure?
The answer may be found in Home Study Sheets 7, 8 and 10. In these
sheets the effect of a capacity, and an inductance upon the a.c. current
in a circuit was discussed. Thus, in an inductive circuit

where

Xl
6.28 L. J
and in a capacitive circuit,
1=
Xc = EX6.28xCXf
and when L, C, and R all exist in a series circuit, the current I is

E— Xc)2
I = E=
z l/R2+ (Xl
=
E
VR2+(Lw-c^y
where

Z is called the impedance of the circuit
to is equal to 6.28 X f
f is the frequency in cycles
X is the reactance of L or C

Now an inspection of this formula for current shows that the capacity
reactance is to be subtracted from the inductive reactance to get the
total reactance in the circuit which, combined with the resistance, forms
the impedance which controls the flow of current. If, therefore, we add
sufficientductive
capacity
reactance
to thecombined
circuit, soby that
it is equaltheirto values,
the inreactance, the
two, when
subtracting
add up to zero, and the impedance then is composed of the resistance only.
In other words, tuning the condenser changes the capacity reactance,
thereby decreasing
increasing
the current.the total reactance, decreasing the impedance, and
This is exactly what was done in the above experiment. We balanced
out the inductive reactance, which is determined by the coil and the
frequency, by changing the capacity reactance, which is determined by
the condenser and the frequency. When the two reactances are equal in
value but of opposite effect, the total impedance offered to the flow of
current isis avery
low, consisting of R only at this value of L, C, f, and the
current
maximum.
In a series resonant circuit the current may become very high although
the driving voltage, which is across the entire circuit, may be fairly small,
and although the individual reactances of the coil and condenser are
large.
VOLTAGE IN CIRCUIT
As rent
in all
circuits
the
acrossThus
any thepartvoltages
is the product
the curthrough it and its voltage
impedance.
across a ofresistance,
inductance, or condenser in such a circuit are:
Er = IXR
El=I X Xl=ILw
Ec=IXXc=
and since the current at resonance may become very high — it is governed
by the denser
voltage
and resistance
the voltage
the coil and
may become
very high. only
For —example,
if 100across
milliamperes
flow conin a
circuit at a resonant frequency of 1000 kc. when the inductance is 200
microhenries, the voltage across the coil is
El = I x Lto=(100 X 10-3) x (200 X 10-«) X (6.28 X 1000 X 103)
=125.6 volts
although, if the resistance in the circuit is 10 ohms, the impressed
voltage necessary to drive 100 milliamperes through it is only one volt.
A series circuit may be tuned to resonance by varying either the capacity as is usually done — or the inductance, or the frequency. Below the
resonant frequency the principle reactance is capacitive. The inductance
offers little reactance at low frequencies. At frequencies higher than
resonance, the major reactance is the inductance, because the condenser
reactance steadily decreases with frequency. At the resonant frequency
the two reactances are equal, and hence the voltages across them are
equal. This occurs when Xl = Xc, or when
159200
when L=y.h, C=mmfd. f =kc.
)L x c
Thus
a series-resonant circuit
is a kind of
voltagedriving
multiplier.
small
voltageA
across a low-resistance
("Low-loss") circuit
will cause
high current flow ata resonance
and a large voltage to
ductance and coil.
appear across
the in- zo
f=
PROBLEMS 5
1. Assume L = 200 iij
microhenries,
= 500 Q
mmfd,
R=10 C ohms.
Calculate the reactances, impedance, current,ductive
resistive,
and inand capacitive
voltages
in
the
when E=10 volts.circuit
Plot
all thesequency fromagainst
fre400
to
600
500 510
kc. If the experiment
outlined
under
Procedure has been carried out ,
FIG. 2
use the values of L
and C obtained there
and
R=10 is known, calculate the voltage across the circuit
ohms. assume
Since the current
at 2.resonance.
How do the two calculated inductance values check?
3. Does the current lag or lead the voltage below the resonant frequency? At the resonant frequency what happens to the phase angle?
What above the resonant frequency?
4. In an amateur transmitter tuned to 40 meters, the antenna current is
one ampere. This flows through a series tuning condenser of 100 mmfd.
capacity
at resonance.
must thethecondenser
5. In Problem
1, whatWhat
is thevoltage
ratio between
current atstand?
resonance and
at 20 kc. below resonance? What would be this ratio if R were doubled, or
halved? Do you see the importance of low -resistance circuits?
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reactances equal, the currents are equal,
T) ESONANCE
radioseries
cirthe circuit as a whole is neither capacitive or
cuit in one ofmaytwooccur
ways.in aThe
inductive and, therefore, must be resistive
resonant circuit was discussed in Home
Study Sheet No. 11. Suppose, instead of < 22
only, so far as the generator is concerned.
At this frequency, then, the circuit looks
having the voltage impressed in series with
like a resistance to the
and the
the inductance and capacity, it is impressed
R- generator,
CR
expression
above for
its°r impedance
is
across the condenser and inductance conThus,
nected in parallel, as in Fig. 1. What
properly called its effective resistance.
happens, as the frequency is changed?
DISCUSSION
20
„
L2W2 L
6.28 inductance
xf
where toL == coil
Unfortunately the experiment to show
just what happens to the various currents
Li
C resonate
= capacity
required to
and voltages in such a circuit is difficult to
the coil
perform. It is simple, however, to calculate
R = series resistance of coil
what happens and to plot it. Instead of
300 320 340 360 380 400
For example if L = 200 microhenries.
going into the laboratory for this experiR = 10 ohms and f = 1000 kc. Reff =
ment, then, we shall rely on the slide rule
IS
FREQUENCY IN KC.
and graph paper to delve into another in160.000 ohms. ■
teresting radio phenomenon known as
FIG. 2
PROCEDURE
parallel
resonance.
In a series
circuit the same current flows
1. Assume L = 200 microhenries. C = 500
through all the units, but the voltages
across these units may differ. In a parallel circuit, the same volt- mmfd., E = 10 volts. As the frequency varies from 400 to 600 kc.
age exists across the branches, but the currents through them differ. calculate; a. reactance of inductive and capacitive branches, b. currents
The total current, I, flowing out of the generator, in Fig. 1, is the sum
in these branches,
c. total current flowing from generator, d, impedance
presented
to generator;
of the currents flowing in the two branches. Since, however, a capacity
reactance is considered as a negative reactance, the current through such
2. Plot all of this data against frequency.
a reactance may be considered as having an algebraic sign opposite to that
of a current through an inductive branch. The total current, then, is the
difference of the currents, i.e.,
PROBLEMS
1. If the coil in Procedure has 15 ohms resistance at 300 meters, and
I = II — Ic
the grid what
and filament
vacuum-tube
amplifier
is connected
the
and from previous Home Study Sheets, the currents in these branches circuit,
impedanceof adoes
the tube work
out of?
Suppose itacross
is in the
plate circuit of a power tube
may be calculated if the reactance
which
feeds
100
milliamperes
into
and the voltage is known.
The formula above, which gives it. What is the power required
200 |il
the togenerator
flowing that
in- from the tube if P = Is Reff
the parallel current]
circuit, shows
1000 v.
if the current in the capacity
2. An antenna-ground system
0
has a capacity of 0.00025 mfd.
equals ance,thethe difference,
current inorthegenerator
induct- An
inductance is to be put in
series with it so that the entire
current, becomes zero.
circuit will be resonant to 400
IMPEDANCE OF
meters. Calculate the total circuit
PARALLEL » CIRCUIT
inductance. If a distant station im-?
across this system causes
V-f
The impedance of any device voltage presses
of 100 microvolts, what
or circuit may be defined as the voltage is across the inductance
ratio between the voltage across at resonance?
®
it and the current through it.
Thus, the impedance of a parallel
3.ing An
stationsetsworktuned circuit is
on 600interfering
meters also
up
across the antenna a voltage of
400
100 microvolts. If the system is
tuned to 400 meters, what voltage
320 340 360 380
and if. at resonance, the current,
at the interfering frequency will
I, is zero, the impedance must
appear across the inductance?
FREQUENCY IN KC. C =
be infinitely
300
FIG. I
rent would nothigh,
flow because
out of curthe
4. Suppose in series with the
generator no matter how high its antenna is connected a circuit like
FIG. 3
voltage.
that of Fig. 1 and tuned to 600
meters. Assume the resistance of
A series-resonant circuit, looked at from the viewpoint of the generator
R=
is a very low-impedance circuit at resonance. The current it draws from the coil is 10 ohms. Calculate the impedance this circuit would offer to L =
the generator is large. On the other hand, at resonance the impedance of the 400-meter and the 600-meter, signals. Then calculate roughly the
to unwanted voltage across the inductance L. The coma parallel-resonant circuit, looked at from the generator, is very high, ratio ofpletewanted
antenna system is shown in Fig. 4. Incalculating the impedance
and the current fed into it from the generator is very small. Series circuits
are used when low impedances are desired; parallel circuits, when high neglect the effect of L and C.
impedance circuits are needed.
5. If doubling the inductance of a coil doubles its resistance, too, what
If we measure, or calculate, the current flowing in each of the two
shunt tuned
has doubling
branches in Fig. 1, and the total or generator current as well, we shall effect upon the effective resistance
a smallerof acondenser
wouldcircuit
be used
to reach
obtain curves similiar to those in the accompanying figures. These are the inductance? Of course, the
resonant condition. How much smaller
theoretical
curves
and
do
not
take
the
resistwould
the
condenser
be?
ance of a circuit into account. Resistance
usually exists in the inductance of such a
circuit, but in well-designed radio circuits it
6. A plate-supply
has considerable
is small compared with the inductive react120-cycle
hum in itsdevice
output.
Suppose a
ance of the coil. If this is true, the impedparallel
tuned
"trap"
is
placed
inistheavailable.
positive
ance into which the generator feeds current
lead.
A
30-henry
inductance
Calculate the size of condenser needed. If
at
resonance
is
equal
numerically
to
L;
<j>2
where R is the resistance of the coil. r
the inductance has 500 ohms resistance what
As the frequency of the generator is
impedance will the trap offer the 120-cycle
current?
changed, the current through the inductance
decreases and the current through the
capacity increases as in Fig. 2. At very low
7. The maximum voltage gain that may be
frequencies there is a large difference besecured from a screen-grid tube may be calcutween the two currents — the inductance curfrom Gm X ofReff,
where andGm Reff
is theismutuallatedconductance
the tube
the
rent being the larger — and so a large current
flows fromquenciesthethe capacity
generator.current
At very ishighmuch
freimpedance of the tuned circuit into which the
tube
works.
Assume
that
Gm=300
micromhos,
greater than the inductance current and so a
L=
microhenries,
wavelength=300
large difference current, i.e., the generator
and 200calculate
the maximum
resistancemeters
that
current, flows as in Fig. 3. For this reason,
!
can
be
tolerated
in
the
coil
and condenser
below the resonant frequency the generator
which
tunes
it
to
permit
an
amplification
of
views the circuit as inductance shunted by a
60. If the resistance of the coil is doubled,
condenser whose reactance is so high it takes
what happens
to the gain of the tube and coilcondenser
combination?
but little
At frequencies
ance thecurrent.
inductance
has little above
effect resonupon
the generator current and so the circuit is
Note: Readers may send their answers to these
said to be capacitive. At the frequency
FIG. 4
questions to the Editor to be checked.
which makes the inductive and capacitive
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trical input. We have stated already that, if a scant 30 per cent., when actuated by push-pull
THE end of an average day, the wastepaper baskets in the Editorial Office speaker could be made 10 TU more efficient than
amplifiers. When, however, they are actuated by
of Radio Broadcast are almost filled the best of our present devices, we could obtain
ordinary transformers, and from a single power
sufficient volume of sound from it without using
tube, the efficiency drops to as low as 20 per cent,
with press releases written about every known
with some distortion. In some of the cheaper
kind of a radio equipment. It is a rare release expensive power apparatus.
which contains information which can be used
makes, the efficiency is further impaired by
The fact that the efficiency of the unit which
the release mentions differs at various power
in this magazine. The truth is, that it is a rare
mechanical
losses due to the cone suspension."
release which has any information of use to levels indicates, according to the engineer, "conOur
engineer
has
nothing says:
to do "The
with push-pull
it. Equal element
efficiencies
anyone. Occasionally, however, the mail
clerk brings one which promises a great <*©('!
ions can be obtained with either single or pushdeal.
pull amplifiers and transformers. An efficiency of30 per cent., is probably high
The following statements are taken RADIO folk feel keenly that, out of the mass of nearfor even the best of the dynamic speakers.
from a release dated August 29th, titled
accurate statements and downright mis-statements
about topics which may at the moment he uppermost , there Any speaker worked from improper con"Little-known Facts About Well-known
must be some generally accepted facts to which they may
Cone Speakers," and signed by the Director
ditions will perform unfavorably."
of Research of a cone-type loud speaker cor- cling. This is usually so, but the search for simple and real
The release: "These figures, let it be
poration. The replies to these statements
truth is not easy. In the comparative merits of different understood, are electrical only, and to
were made at our request by an engineer types of loud speakers, the flow of inaccuracies has re- obtain the overall efficiency, we must
who has no connection with the loudcently been especially strong. The short discussion here of subtract the cone losses. It is quite true
speaker industry, but who, in our opinion,
that in cones of the same size — the 18-inch
the comparative merits of the magnetic vs. the movingis equipped with as much unbiased data
coil loud speaker is as technically accurate as we know how size, for instance — the efficiency of a cone
actuated by a dynamic unit is greater
as any engineer in the country. His in- to make it, without ascending to the rarefied atmosphere
terest, as shown in his statements below,
of higher physics. We hope it proves interesting and than that of one actuated by an electrois the interest, of engineering truth. We valuable to our readers.
magnetic unit. This is due to the greater
— The Editor.
believe this little debate may give our
power available for flexing the material,
readers more information than a much
provided, of course, that the source is
longer article written in conventional
capable of furnishing the energy. On the
other hand, it is well known that the
style and form.
The release: "It is freely claimed that the siderable lack of linearity in response. When the amplitude of the apex of the cone varies inversely
efficiency of the usual rocker-type driving unit ratio of input to output is not linear, the har- as the square of its diameter, plus a logarithmic
for cone speakers is from 4 to 7 per cent., and
constant for air slippage."
monics are very bad."
that its power rating is strictly limited to that
POWER VS. EFFICIENCY
EFFICIENCY OF DYNAMIC UNITS
for which it is set. The Western Electric unit,
for example, is set for 1 watt, the BBL for 2.5. CPEAKING of moving-coil loud speakers, the '"PHE engineer: "The power available has
watts, while the Stevens unit will take 3 watts
*■ nothing to do with efficiency; the losses are
^ release states, "The very best design availand still maintain an efficiency of 7 per cent.,
able develops an electrical efficiency of only 50 what reduce it. Dynamic speakers may be made
although at 0.5 watt its efficiency is only 2 per per cent., and this figure is attained only by to have less eddy current and hysteresis losses
employing a push-pull transformer which has than the rocking-armature units. In the latter
cent."
been designed specially and constructed of very
type the armature itself is saturated rather
Our engineer replies: "The so-called wattage
that can be put into a speaker varies with the expensive material.
heavily. In addition, mechanical masses are supfrequency. The Western Electric cone handles
ported better and distributed so that imped"The electrical efficiency of some of the most
about 1 5 watts at the lower end of its response
popular makes of electrodynamic speakers is a
ances, both mechanical and the resultant electrical, are more uniform and permit of
without striking the pole pieces. Because
better matching in the dynamic type.
of its rather greater efficiency than most
cones this gives as much sound output as
"This is true for a constant radiating
power at a particular frequency, and proa cone 3 TU less efficient capable of hanvided the whole moves as a unit (piston)
dling watts."
3
without interference between the front
We should like to put in a word here.
and back faces. This latter is not the case
The average listener need not worry about
for the Western Electric type of cone,
the power-handling ability of his loud
and is true for the dynamic only when the
speaker. What difference would it make if
109
baffleboard is sufficiently large (diamehis speaker could handle 100 watts of
energy without smoking, blasting, or
massive and"In
damped."
hitting the pole pieces? What he should
Theter),release:
practice this works
be interested in is the amount of sound he
FIG. 1. FREQUENCY RESPONSE CURVE
out so that if an 18-inch cone requires
0.008-inch amplitude down to 100 cycles,
OF A TYPICAL MOVING-COIL SPEAKER
gets out of the speaker with a given elec-

AT
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then a 7-inch cone will require 0.062 inch
down to the same frequency. If, however, a
dynamic speaker could reach only 100 cycles,
it would not be satisfactory; and to reach
48 cycles, a stroke of plus or minus \ inch
or \ inch is necessary. It is, of course, theoretically possible to make a dynamic unit with this
stroke, but at the present time there are only two
commercial speakers of this character, and both
are sold complete with amplifier and power plant.
The very best dynamic unit for 7-inch cones has
a possible stroke of plus or minus 3% inch. Others
have a possible stroke of tV inch. One type examined in our laboratory had as little as a 3Vinch stroke."
The engineer: "This depends upon how much
energy must be radiated. Under any reasonable
conditions it will be superior to the Western
Electric type of cone in radiation (area x amplitude) at frequencies below 300 cycles because
of the baffleboard's effect."
ELECTRICAL TROUBLES
TP HE release: "Electrical troubles are caused
* by the following factors: To begin with,
dynamic units are not provided with a spring
resilience as are the electromagnetic units. Pushpull actuation is therefore more essential. Again,
in all cases an output transformer of special
design is required, and unless made of special
alloy cores, which are quite costly, it can introduce quite as much distortion as a third stage
of audio amplification."
The engineer, replying on the spring resilience
of the cone-type speaker: "That is the reason
dynamic units are so very much superior to
balanced-armature speakers from the standpoint
of harmonics generated. Since they are always
actuated by a.c. theoretically no restoring
force should be necessary. The current itself will
always return the moving system to the starting position. Push-pull actuation is obtained by
the ?.o, not by any push-pull feature of the
amplifier system. The currents fed to a speaker
by a push-pull amplifier can in no possible manner be told from those fed by a single-tube
amplifier as long as neither is overloaded and
the d.c. component is eliminated by a transformer or blocking condenser."
The release: "Many makes of dynamic speakers now on the market are provided with cheap
transformers, so that the distortion caused by
combinations of capacities, chokes and resistances— including cut-off filters intended to cover
up poor design — tends to cut down the efficiency.
The engineer: "This is equally true of other
types."
The release: "The greatest electrical loss, how.- Permanent Magnet

FIG. 2. CONSTRUCTION DETAIL OF A
BALANCED-ARMATURE MAGNETIC UNIT
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ever, occurs in the movable coil itself. The impedance ofthe movable coil is not matched with
the secondary of the output transformer; and
even when it is nearly matched, the I2R loss
of the coil is enormous. The reader can obtain a
really practical picture of this loss if he stops to
consider that in a correctly designed step-down
transformer whose ratio is 50 to 1, the secondary
wire is No. 18 while the dynamic coil is wound
with No. 30 or 32! This means that the dynamic
coil is being overloaded from 300 to 400 per
The engineer; "The losses (I2R) in the coil are
fairly large compared to those in certain other
parts
cent."in the system, and account largely for the
30 to 50 per cent, efficiencies instead of 100 per
cent. It is still better than the 3 to 7 per cent,
efficiency obtained by other types. The moving
coil cannot be considered as "overloaded" unless
it is mechanically or electrically likely to be
destroyed." FIELD COIL EFFICIENCY
HpHE
electrical
dis*■ cussedrelease:
above "The
are those
of theefficiencies
signal system
only. In addition, we must consider the efficiency
of the field, which is from 10 to 25 per cent. When
a field for the signal of a 1 12-type tube was required, this was quite immaterial. To obtain a
field for the signal from the 2 10- or250-type tubes
in push-pull, however, requires enormous power.
"Dynamics of the kind having a signal efficiency of about 20 per cent., with the field rated
at 1 ampere at 6 volts were found to take 6 watts
at 6 volts, while those having a signal efficiency
of 30 per cent., required 16 watts. Those with a
signal efficiency of 50 per cent, demanded a 50watt field. The latter field requirements are far
above the usual output of eliminators. Hence the
field cannot be used as the eliminator filter choke,
but must be fed with a separate rectifier."
The engineer: "Proper design of the magnetic
circuit can reduce greatly this loss and apparent
inefficiency."
In this connection, we understand the Vitaphone loud speakers in factory production have
an average efficiency of 35 per cent., and that
the field of these speakers consumes about 10
watts.
The release: " In conclusion, it should be noted
that the deep bass notes developed by many
dynamics are additive resonance, and if one likes
this effect one can readily obtain it by much
cheaper and simpler means. The deep resonance
is caused by the fact that most dynamic cones
are fastened to a metal frame which, in turn, is
bolted to a large wooden baffle acting in the
capacity of a diaphragm. This serves to accentuate certain low frequencies. To prove this, let
the reader actuate a dynamic unit thus mounted,
with an organ record of low pitch, and he will
hear clearly a bass drum accompaniment. If this
effect is desired, the same results can be produced
with an impregnated cloth cone (of curved angle)
glued to the same kind of baffle and actuated by
a high-power electromagnetic unit."
The engineer, "No loud speaker is quite so free
from the effects of resonance as the dynamic with
a piston-type paper cone or properly designed
moving system and horn. The reproduction of
low notes is not due to resonance. The wooden
baffle does not act as a diaphragm. In fact, the
less it moves
,nure effective it becomes."
OUR DECISION
\ A/E HAVE enjoyed this little argument.
* ^ The cone desigr.ji is correct in stating
that good cone-type speakers can deliver excellent quality; the engineer, whose feeling in favor
of "dynamic" speakers is so evident, is correct

FIG. 3. CONSTRUCTION DETAIL OF
A MOVING-COIL
SPEAKER UNIT
too — for the best possible reproduction, a good
moving-coil
superior to a speaker of
the Western speaker
Electric istype.
There is only one more statement we hope
everyone will understand — all speakers are
dynamic speakers in that some of their parts
move. All dynamic speakers, however, are not
"moving-coil loud- speakers" which are the
type the engineer favors, and what nearly everyone thinks of when the word dynamic is mentioned. Up to the present time there is no type of
speaker generally available which is the equal of
the better grades of moving-coil loud speakers
More Data on Loud Speakers
HpHE above argument will be followed by addi* tional data on dynamic speakers, as the Editors
have made arrangements with Joseph Morgan,
of the International Resistance Company, for
the preparation of another of his articles on loud
Speakers — the first appeared in August Radio
Broadcast and was called "All About Loud
Speakers." The second of Mr. Morgan's articles
will
"AllbeenAbout
Dynamic
Loudevery
Speakers,"
and hebe has
instructed
to take
type of
dynamic speaker now easily obtainable and put
them through their paces in his laboratory. His
article will contain curves showing how the various speakers respond to the necessary audio frequencies, what field currents they require, how
much audio power is necessary, what their advantages and disadvantages are, and where the
magnetic type of speaker stands in the path of
progress toward better and better radio reception.
The advantage the second of Mr. Morgan's
articles will have over other dynamic-speaker
descriptions is that his remarks will be based
upon laboratory measurements and actual tests,
not upon matters of opinion. Together with
the present article made up of the remarks of
two engineers, it ought to equip any serious radio
thinker with sufficient data to decide for himself
and advise his friends on the question,
"Is it
— The Editok.
worth while to invest in a dynamic speaker?"
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A TYPICAL WELL- ARRANGED

AMATEUR
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Transmission
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THE transmitter described in the last two
installments of this series will supply its
owner with a considerable amount of
pleasure, whether he be experimenter, scientist,
engineer, tinker, or friendly "rag-chewer." It is
not intended especially for the highly specialized
message-handler, but is quite adapted to the
uses of that group as well.
Just how it may be made to serve these various purposes may be told best after we have
pushed aside certain very widespread hoaxes.
That it is really necessary to do this can be made
plain by recalling that grotesque hearing at
Washington wherein a large group of gentlemen
demanded all the short waves' — and more — from
the Federal Radio Commission. Not only did
these representatives have in mind purposes
that ranged from worthy to silly, but a goodly
proportion of them were filled with the most
amazing illusions as to the possibilities of short
waves. Surely Mr. Average Citizen is at least as
badly off. In order to give him a fair start one
must surely equip him with something approaching the truth.
The fault lies with the evergreen enthusiasm
of the reporter and the fish stories told him by
the station owner. Between them they produce
an illustrated story about some amateur station
which is claimed to "talk to every country in the
world and be in touch with Australia every
night." (The quotation is genuine.) Probably
neither one recognized this as a plain ordinary
lie— yet a lie it is. No amateur (or professional)
station can "talk to every country in the world"
for the good reason that not all countries have
stations which can reply. Again, one is perfectly
safe in saying that no amateur station in this
country has ever maintained daily contact with
Australia (or any other foreign country with the
exception of Canada or Mexico) for even one year.
Any attempt to claim that a shorter demonstration isa proof can be set down as an admission

ROBERT
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that the speaker is not familiar with the seasonal
and climatic vagaries of short waves. There are
many cases on record to show that quite good
international amateur contacts may exist for
several months, only to disappear completely
with no assurance of recurrence twelve months
later.
International amateur contacts are a postgraduate activity in any case. The beginner may
make an occasional contact of this sort but as a
rule the signals are weak, the interference is

BRASS-pounders, message-handlers, ragchewers — these are terms dear to the heart
of all amateurs. In this article Mr. Kruse
puts such divisions of the amateur lists into
their proper places, and points out that the
true experimenter is a combination of all
three — and has lots more fun. In the bargain,
Mr. Kruse gives some directions about
operating the master-oscillator code-andphone transmitter already described by him in
Radio Broadcast.
— The Editor.

strong and the contact at best is fleeting, even
with good operating skill. Where a contact is
recurrent it is almost invariably due to a schedule, careful hunting and breathless listening —
plus some "filling-in" by the receiving operator.
Working in that manner certain operators, such
as Clifford Himoe, who just returned from the
McMillan Greenland Expedition, and Fergus
McKeever of Lawrence, Kansas, have accumulated extraordinary strings of "calls-exchanged"
and not a few international contacts have persisted for weeks or months. These feats have the
same relation to the results obtained by an
11 I

ordinary operator that Will Rogers' rope spinning
has to my attempts — or yours.
THE LOW-POWER MYTH
ATanarchy
ONE time
there existed
state of nearin amateur
radio, a occasioned
by
the installation of high-power broadly tuned
transmitters by those amateurs who could afford
them. The rest of the congregation was allowed
to sit and' listen. This was combatted by legislation and by a campaign for low-power records.
The expected result of such a campaign followed
in the form of a low-power cult which was surrounded byas much exaggeration as the international contacts. We read of this or that station
which operates a receiving tube (replaced how
often?) at 350 volts and is in "constant" (all
newspaper radio contacts are constant) communication with amateurs all over the country
(even where there are none). Because superb
operators like Mason and Waskey maintained
Wilkin's lane of communication with sets of the
one-mouse-power class we are asked to believe
that the range of a battery-driven set using a
receiving tube is 500 or 1000 miles. But, nothing
is said of the frequent failures, of the painstaking
repeat-repeat-repeat, of the nerve-straining
listening, and of the weary hours spent in searching for a lost whisper.
If, indeed, these tiny transmitters were capable
of reliable work over distances, then we must
suspect the Western Electric Co. of being very
badly informed; a 500-mile transmitter manufactured by this company occupies most of a
standard boxcar when it is shipped.
It all boils down to this, the range of a shortwave transmitter varies with time, weather,
operator's skill, location, interference, and
adjustment. The total variation that results is
certainly at least as large as 10,000 to 1, and it
is quite possible for the same small set to communicate with its antipode with fair signal and
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on another occasion to fail entirely to "get out of
town." There is also another factor which multiplies the above by another 10 or so. This is the
fact that "you can always hear a signal on
schedule" if it is even partly readable, through
that same signal may have been begging vainly
for attention for months past.
THE FRIENDLY "RAG-CHEWER"
CEVERAL years ago when engaged in the
^ process of exploring the wave band of 1 5 to
100 meters a group of experimenters became very
much disgusted with the existing fad for extreme
curtness toward any radio activity other than
the handling of messages. After listening to a
large number of the messages, and handling
man}' of them ourselves, we became convinced
that they were mainly of no consequence and
could be replaced with profit by tests and
friendly conversations. F. C. Beeklev, QST's
Advertising Manager, and L. W. Hatry, wellknown to readers of this magazine, conceived
a purely paper organization to be called the
"Rag Chewer's Club." In order to become
a member of this organization one had to
furnish written proof of a 30-minute nonmessage-handling radio conversation with another amateur station, whereupon there was sent
out a membership certificate made up as a
burlesque of the I.A.R.U. and A.R.R.L.
certificates. It was hoped that, if amateurs could
once be induced to assume a human friendliness
toward their radio contacts, they would never
again lapse to the same machine-made routine.
That hope was fulfilled to such a degree that
the mailing of the "certificates" became almost
a full-time job for one person. Even now, after
a number of years, the idea is still alive and one
may derive considerable pleasure from a friendly
conversation with other transmitting amateurs
in various parts of the United States.
AND THE CALL CARD
C EYERAL years ago Don Hoffman of Akron,
^ Ohio contributed to this picture the idea of
sending a postal card as friendly acknowledgement of a radio conversation. His postal card
Lightning Switch
required by
Insurance
Company
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had the radio call, 8ux, printed across its face in
large letters, and other information was penwritten across it.
Within a year the call-card was a fad and
every conversation wound up with " Pse send
card," orof active
simply stations
"qsll".discovered
Shortly after
the
owners
that this
the cost
of the cards, and the time to write them, would
shortly compel abandonment of radio activity —
and as a result they sent fewer of them. Then
ensued a violent argument which has raged these
three years with no conclusion arrived at. The
amateur across the Atlantic especially is not at
all pleased with the remarkable lack of consideration shown by his American neighbor who fails
to reply to all of the apalling flood of cards and
letters from European listening posts which
have no transmitters. Meanwhile the varieties of
cards grows, but no more colors are available,
the limit having been reached in Lawrence
Mott's famous Catalina Island series, terminating with an eagle-trimmed card in five colors
and gold. Beyond that even the Southern
California imagination has not gone.
THE EXPERIMENTER
1 PROPOSE to give a considerable space to the
* experimenter because he is in the most interesting ofradio fields, also because he is least
organized and least catered to. Let us begin by
explaining the seeming contradiction in the
preceding sentence.
The experimenter, whether he uses a microphone or key, must say something with it, and
unless he uses an outright automatically sent
test signal there is no easy way to avoid "ragchewing" or "message-handling." This causes
him to be included in one class or the other although he has no primary interest in message
totals or call cards, does not gain any satisfaction
from the activites of either of the groups, and
intends to stop sending as soon as he has worked
out the problem that happens to be under way —
which is likely to be anything under the sun
from an antenna test to an investigation of the
electron distribution in the upper atmosphere
during an eclipse of the moon. In addition to this
To Antenna
^-To Counterpoise
Ground

Antenna
Separate

FIG. I. ARRANGEMENT OF APPARATUS
The table should be about 2Q to jo inches high. If much operating is done the leg room should be entirely
free of shelves, batteries or other obstructions. The location of the key is optional, but the transmitter switch
should be convenient to the left hand.
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the experimenter works best in small groups
which break up and re-form about various problems, making it very hard to keep track of their
performances or to give them any of that entirely
proper publicity which will call in new aid.
By tradition organization has centered about
message-handling, and personnel or cash has
never been placed in back of an attempt to create
a coherent experimenter class or a clearing house
for information. This has been done for other activities which, in some cases, have received support extending as far as the employment of
laboratorians to solve problems by proxy!
All of these things contributed to an unhappystate wherein the experimenter was an outsider,
compelled to seek out his own co-workers,
handle all his own correspondence without aid
and then, if he had energy left to do any effective work, to take his reward in personal satisfaction. The experimenter is usually neither a publicity seeker nor a shirker, but even he resents
such an unfair situation. Several years ago, in an
attempt to even matters up, I formed the," Experimenter's Section, A.R.R.L." This organization was as loosely put together as the " Rag
Chewer's Club" and the motives were not entirely different.
"Section"
to issue
at intervals
listsThewhich
would proposed
tell all members
what work was being done, and by whom, thus
facilitating inter-member contacts. To this were
to be added occasional outline-suggestions and
the results, which were to be circulated in mimeograph form or made into magazine reports when
of sufficient interest. Although this work never
received more than one fourth of one man's time
it really made surprising headway. From it
developed the Official Wavelength Station
scheme of Don Wallace, the Standard-Frequency
transmissions of Ixm and 9XL-WCC0 under
Lansingh and McCartney, some really worthwhile information on transmission r.f. chokes,
a variety of circuit improvements, the fine
General
Electric and andamateur
"April contritests,"
much article-material
a considerable
bution toward a changed attitude of the amateur
as to experimental work.
IS IT WORTH WHILE?
/^~\NE may question with perfect justice the
value of amateur experimental work, since
the professionally equipped laboratory seems so
much better able to cope with questions than
the amateur.
This may be answered either by logic or from
the record. First of all, the logic may be taken
from
think)soJosh
said,so" much
It's better
not to(1know
muchBillings
than towhoknow
that
'aint so." That is the handicap of the trained
man seeking new trails — he is too sure of many
facts that are not facts, too certain that a whole
variety of things cannot be done, too inclined
to reason out his course. Furthermore, he cannot escape this tendency, for he is always under
the eye of his associates who feel likewise, and
usually under the surveillance of an impatient
production department which does not want
everything tried and but one thing finished.
The amateur is not so; he is not required to be
logical, or to know any theory from which the
result can be predicted. Therefore, he blathers
around cheerfully with just the faintest contact
with established knowledge, and often he falls
over the most amazing and fundamental discoveries. Later the engineer and the physicist
and the mathematician will refine and make useful these discoveries. However, it is a fact that a
good share of the fundamental things in radio
have been discovered with the poorest of equipment and in the face of contrary opinion.
This is, of course, not a suggestion that all
established information is wrong. It is. however,

REMOVING

NONSENSE

an earnest suggestion that the experimenter
always be inquisitive and ever ready to try those
things that seem to be vague or incorrect. Whatever the conclusions may be which these tinkerings and testings give forth, they should be
aired. Progress comes from comparison and
from the matching of results.
It seems that sooner or later there must exist
an agency which may act as a clearing house for
the needs and questions of the experimenter in
a manner somewhat as adequate as the provision
now made for other activities. This will be a
rather difficult matter to frame, for it will be required to deal with all manner of interests from
the most serious and important to the case of the
misguided boy who is trying earnestly and
persistently to determine whether Hartley or
Armstrong invented the "best sending circuit."
THE INNER URGE
I^HAT this agency does not exist now will not
matter greatly to a real experimenter; when
the genuine radio experimenter is interested
in a problem time, cash, and correspondence deter
him no more than a violent golf fiend is deterred
by a pneumonia fog. Similarly I also suspect
that such stubborn persistence does produce the
best work. At any rate the genuine radio experimenter need not read this discussion, nor
will I convert anyone who is not already an
experimenter of some sort. The thing is organic,
like red hair, and if artificially produced is
equally temporary.
THE MESSAGE-HANDLER
AS HAS been suggested above, the handling
of amateur radiograms seems to carry less
opportunity for developing something worthwhile than do other uses of amateur radio.
In the main it serves only to develop operating
skill which can then be diverted to worthy ends.
The messages handled meanwhile are mostly
worthless in the same manner that a copybook is
worthless after one has learned to write.
The applications of that operating skill have
been advertised so widely that it seems almost
useless to mention them. Radio contact with
exploring expeditions, occasional emergency
work when wires are down, application to military situations, have all been mentioned many
times. There exists an Army-Amateur scheme of
cooperation as well as a Navy-Amateur scheme,
the activity of each differing materially in various territories. The object of these systems is
that in case of war there will exist a partly
trained reserve.
Recent hearings before the Federal Radio
Commission suggest that if no better agreement,
can be made between the various interests who
"must" have radio for emergency contact we
may well consider the possibility of a publicproperty or corporation-operated radio emergency net whose operators may keep in practice
by talking to amateurs. A preliminary tryout
of such an idea was instigated some years ago by
G. L. Bidwell of Washington and operated by A.
L. Budlong for the Pennsylvania railroad. It
gave a very good account of itself and I (who began as a skeptic) feel that, with somewhat
stronger support, it would have expanded easily
into the scaffolding on which a permanent
system such as suggested could be erected.
Certainly the tryout would have been made
easily with amateur stations — and can to-day..
It would be a most unhappy matter if instead
we were to have a horde of privately owned
stations working for their separate owners, having no contact in normal times and hampered by
financial affiliations so as to be unable to work in
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FIG. 2. SWITCHING ARRANGEMENT
Switch l changes the antenna so that various bands may be employed. Switch 2 shorts or opens the antenna loading coil used to operate on the 180-meter band. Switch 3 turns on and off the a.c. power input to
the transmitter. Switch 4 turns on and off the A battery — if used. It must be kept away from Switch 3, and
if ax. is used in place of the A battery switch 4 is not necessary. Switch 5 is the lightning switch required by
the fire insurance company.
the free-handed manner that a good emergency
net must base upon.
The suggestion just made, is that certain but
ill-defined military value seems to be the main
reason for the message-handling game. Expeditions will not continue indefinitely to depend on
amateur stations, though they will continue to
use amateur operators because they are able to
work under limitations of apparatus. International message handling is involved just now
in a great bog of diverse opinion from which it
may not emerge for a long time, if . indeed it
emerges.
TEST TRANSMISSIONS
I CANNOT resist a paragraph regarding test
* transmission. These sendings are typified by
the "test number one, test number two, test
number three" of the man making circuit adjustments or by the dreary machine-sent "Test
Ixam" or "Test Ioa" that has gone out so many
times during these years of short-wave exploration. Such transmissions are meaningless to
those who have not been informed in advance,
except when supplemented, by hand-sent or
spoken information, but this does not in any way
mean that they are out of the way or to be condemned. On the contrary, they deserve a hundred times as much respect as the senseless calling of station after station for the purpose of
hastily asking for a card and then jumping to the
next station. Such foolery teaches nothing, does
not provide satisfaction to the stations so curtly
dismissed, and may well step aside for even a
machine-sent "test test test" which at least represents an attempt to learn.
CONCERNING THE STATION
CVERY man is free to choose which of the
foregoing activities he cares to indulge in,
but he will find that certain conventions relating
to operating and station arrangement apply
in each case. One must comply obviously with
the legal provisions as to manners of calling and
signing to some degree. A certain use of abbreviations isalso most helpful and in any case is
forced upon one if key operation is employed.
These abbreviations fall into two classes, the
absolutely arbitrary ones, which are matter of
international agreement, and those which are

merely butchered words such as "Xtal" and
"Xmitter" for "crystal" and "transmitter" or
"Wx" for "weather." Picking these up is not as
painful as it sounds. Another class of abbreviations occasionally met is that sort made by
phonetic spelling or by dropping vowels, as
"sine" for "sign" and "tmrrw" or "Tmw"
for "to-morrow." These too dawn on one soon
enough.
Station arrangements are suggested in the
illustrations herewith and usually a wide departure from these is not advisable. It is really
surprising how much more one can accomplish
when things are arranged conveniently. Especially one should avoid placing apparatus in
cabinets
walls in such a manner that
i alterationor oragainst
inspection requires disconnecting
! wires. The transmitter as here shown is without
, a case and this is my preference since a dustj cover made of khaki cloth serves all the useful
\ purposes of a cabinet. If a case is desired it should
be made so that it may be removed without
\ disturbing wires. Mere opening of the lid does
\ not suffice.
]
Other than these generalities it seems destruc}
tive to give advice. Such matters as the exact
: antenna arrangement, the construction of the
loading coil, etc. can be decided best by the
owner, and useful experience is gained at the
same time. If the antenna must be made shorter
than was described, perhaps the counterpoise
may be made longer, or a different combination
altogether worked out to cover the various
wavebands. If a loading coil is necessary no
exact dimensions need be followed. One may
start with the first thing handy — a Dutch
Cleanser box for example — and wind it with
ordinary annunciator wire. A little loop should
be brought out and twisted together every
5 turns until perhaps 40 have been wound.
As soon as the loops are skinned one can
connect to the lower end of the coil, clip the
antenna to one of the loops and, by trying various wavelengths and noting the condenser
setting, one can arrive quickly at the correct
number to load to the desired 20-meter wavelength. This is quite as effective and much
more educational than a set of ready-made
directions which might not fit the antenna. At
the writer's station the process was timed
and it required 20 minutes.
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An A. C. Screen-Grid Booste

IN THE August Radio Broadcast there appeared the description of "An Extra R.E.
Stage For Any Receiver," employing a d.c.
screen-grid tube. I was very much interested in
this arrangement, but as 1 desired to use it in
conjunction with an a.c. receiver, 1 thought it
logical to redesign the circuit for the Arcturus
a.c. screen-grid tube. The altered diagram is
shown in Fig. i. The following is a list of the
parts used in the construction:
2 — Frost ux-type sockets:
i — broadcast-range plug-in coil;
i — Variable condenser, 0.0003 5-mfd.:
1 — Frost fixed condenser, 0.00025-mfd.;
2 — Silver-Marshall r.f. choke coils:
3 — Tobe by-pass condensers, i-mfd.;
7 — Eby binding posts;
1 — National dial;
1 — Front panel, 7" x 0":
Baseboard or sub-panel:
Corwico Braidite for wiring:
.Miscellaneous hardware;
1— Power Clarostat;
1 — Step-down transformer, 15-voIt;
1 — Frost strip resistor. 500-ohm;
1 — Arcturus screen-grid tube, 22-A.C-type.
The unit is wired to antenna, ground and receiver as indicated. The output post is led to the
Arcturus
A C 22

Readers

Suggest-

antenna post on the receiver. An Transformer
Arcturus 22-type tube is plugged
into the socket. The ground is connected both to the receiv er and to
the booster.
The dial on the booster functions
as an additional tuning control.
The power Clarostat is placed in
series with the primary of the stepdown transformer and is employed
to regulate the output to fifteen volts
for the Arcturus tube. The voltage is
best determined by means of an a.c.
voltmeter, however, if this instrument is not conveniently available,
the voltage may be adjusted by
noting the time lag between the turning on of the current and the heating
of the tube to its normal operating
temperature. When the voltage is correctly adjusted, the lag will be approximately 30 seconds.
Peter L. Jones. Boston, Mass.
Work Bench Clamp
THE presence of wires indiscriminately strewn
about the test bench is hardly conducive to
efficient work, to say nothing about the possibility
of short circuits, wronsr connections and general

FIG. 3

lack of order. I have found it decidedly worth
while to equip my test bench with several simple
clamps designed to hold the various wires
to the table.
A simple clamp for this purpose
i-l I— O To An!. is shown in the picture, Fig. 3. It
Post on was assembled from odds and ends
out of the junk box.
A small strip of thick wood provides the base. Near one end a
recess is filed out for the cable.
The latter is held in position by a
narrow strip of ebonite which acts
as the upper jaw.
Slightly
center,in athe
countersunk holeoffis the
drilled
wood
block for a iVinch screw, and the
ebonite strip is forced down by a
small wing nut. Although a spring
washer is used between nut and
ebonite strip, the latter will have
a tendency to turn when the nut
is tightened. To prevent this, the
other end of the ebonite strip has

mfd.

To

Choke Loud
Coils Speakei

FIG. 2
been slotted; in this slot lies a stop — a nail
driven into the wood block and snipped off
about \" above the surface of the latter.
C. A. Oldroyd, Lanes, England.
Push-Pull with Standard
Transformers
LTOR clear and undistorted output, with abun* dant volume a well-made push-pull amplifier
is the standard of comparison.
The transformers specially made for such circuits have a center-tapped secondary winding
in the first stage, and a center-tapped primary
winding in the output stage. Yet a standard
audio transformer may be used with excellent
results if an external center-tap is provided, as
indicated in Fig. 2.
Two 100,000-ohm resistors are connected in
series across the secondary. The grid bias is
applied at the central junction of the two resistors. The value of the resistors is not critical,
and slightly higher or lower values may be used if
the experimenter happens to have them at hand.
The only other special part needed for a
push-pull amplifier is the output transformer or
a center-tapped output choke through which the
B current reaches the plates of the power tubes.
A commercial choke may be used in this position, but the same results can be secured by
using two standard chokes connected in series.
The inner turns of the two chokes are joined
by a connecting lead, to which the B-plus lead
is wired. Two fixed condensers are connected as
shown in Fig. 2 to keep the loud-speaker windings at a low potential.
C. A. Oldroyd, Lanes, England,
Home-made

Soldering Lug

O UNNING out of soldering lugs in the midst
l^- of a radio construction job, I twisted the
loose ends of the stranded hook-up wire together
and bent them in the form of a hook. To reinforce
the stiffness of the lug it was tinned thoroughly.
While the solder was still soft, the hook was flattened with pliers, thus providing a better contact
surface.
This lug is no harder to make than it is to
solder nothing.
the wire to a conventional lug— and it
costs
Edward Piranian, Philadelphia, Pa.
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THE Browning-Drake Kit-Set has enjoyed
a continued popularity since its introduction anumber of years ago, doubtless due
to the efficiency of the radio-frequency transformers, combined with the simplicity of the
circuit in which they were used. During this time
some slight improvements have been made.
With the introduction of the screen-grid tube,
the problem of designing a one-stage tuned
radio-frequency amplifier was attacked again
from an analytical standpoint and an extremely
efficient transformer was developed for this type
of circuit. The problem of obtaining, selectivity
and gain in a radio-frequency amplifier employing a screen-grid tube differs considerably from
that encountered when using a 1 99- or 20 1 A-ty pe
tube. This is due to the inherent electrical
characteristics of the tubes themselves. For
instance, the 2oiA-type tube has a plate impedance of approximately 12,000 ohms, and an
amplification factor of 8, while the screen-grid
tube has approximately 400,000 ohms of impedance with an amplification factor of from 150 to
300. With the 20iA-type maxirrlum gain could be
obtained easily by the proper number of turns
on the primary, together with a normal coef icient ofcoupling which was about 0.5. This,
together with a low-resistance secondary, resulted in a gain of about 12 to 15 per stage.
However, when using this tube careful neutralization, even in a single-stage amplifier, was
necessary to obtain the best results. The primary
purpose in the design of the screen-grid tube
was probably to make the capacity between
plate and grid so small that neutralization was
usually unnecessary. In interposing the screengrid between control grid and plate, high amplification in the tube itself resulted as well.
PROBLEMS OF DESIGN
THERE are two ways of obtaining radiofrequency amplification under the new condition imposed by the screen-grid tube, i e., by
an auto-transformer (tuned impedance), or by

Browning
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GLENN H. BROWNING
Browning Drake Corporation

the usual tuned radio-frequency transformer,
consisting of a primary and secondary winding.
These have been discussed at some length in a
previous article in this magazine and will not be
dwelt on here. It is sufficient to say that tuned
impedance has the advantage of slightly more
amplification per stage while the transformer
gives greater selectivity. The design of such a
transformer, however, is not a simple matter by
any means. With the increase of plate resistance
that the screen-grid tube has over the 201A type,
the turns on the primary of the radio-frequency
transformer should be increased a great deal for
maximum gain, or the coefficient of coupling
must be increased, or both. Unfortunately, there
is a very definite limit to the number of turns
which may be used on the primary of the transformer. This limit is determined by the distributed capacity and inductance of the winding
itself, coupled with the capacity placed across it
due to the plate to ground capacity of the tube
used as the radio-frequency amplifier.
These two capacities tune the primary to a
definite wavelength, and if this wavelength is
200 meters or above, the transformer as a whole
will tend to pass a signal coming in on this wave
no matter where the secondary is tuned. In
designing a transformer for the screen-grid, the
high plate resistance means that primary turns
should be increased, but the plate to ground
capacity is increased over the 201 a type of tube
by a factor of three or four times, due to the
proximity of the screen grid to the plate. Therefore, itis essential to increase the coefficient of
coupling as much as possible.
Some months ago the writer started to. determine just how this coefficient of coupling
could be increased from "5its normal value
of about 0.5 to as great a value as possible (the
maximum theoretical value is 1). The result
was that, with a short winding length for the
secondary and a slot wound primary placed in
about J" from the low-potential end of
the secondary, the coefficient of coupling in-

creased to 0.91. Thus, with this coefficient of
coupling and placing as many turns on the
primary of the radio-frequency transformer as
possible, consistent with keeping its natural
period below 200 meters, a transformer for the
screen-grid tube was developed, which has an
extremely good gain. However, it might be
stated that as far as the writer has been able to
determine, it is impossible to get the maximum
theoretical gain at broadcast wavelengths from
the screen-grid tube because of the limitations
imposed on the number of turns on the primary
winding of the radio-frequency transformer.
THE SELECTIVITY
THE selectivity of the transformer under
discussion, as well as the amplification, is
considerably better than in the case of using the
20iA-type tube as a radio-frequency amplifier.
There are two reasons for the increase in selectivity. First, other factors being equal, the
selectivity is better in a radio-frequency transformer when the gain is below maximum.
Second, for a given amount of gain the higher the
coefficient of coupling the greater the selectivity,
provided the resistance of the secondary winding
of the transformer is approximately the same in
both cases. This later statement will probably
not be evident but can be proved mathematically
or can be shown readily in laboratory measurements.
The 1929 Browning-Drake Assembly employs
one stage of tuned radio-frequency amplification
with either a.c. or d.c. screen-grid tubes with
the transformer described. Tickler feed-back
is used in the detector as previously. No neutralization or shielding is necessary for efficient
operation. The antenna system has been changed
to use an untuned primary. This is because the
coefficient of coupling between primary and
secondary has been increased to 0.91 so that a
primary is as effective as direct coupling and aids
somewhat in making the kit absolutely single
control. The 0.0001-mfd. condenser (Q) is con-

116

RADIO

DECEMBER,

BROADCAST

1928

Rs One Aerovox or Durham resistor, 8-megohm;
Re One Frost volume control and 1 10-volt switch;
R7 One Yaxley resistor, 1000-ohm, type 71,000;
Rs One Aerovox resistor, 2000-ohm, type 992;
Ci One Aerovox or Sangamo moulded fixed condenser, o.oooi-mfd.;
C2, C3, C4 Three Aerovox or Sangamo moulded
fixed condensers, 0.001-mfd.;
C6 One Aerovox or Sangamo moulded fixed coni-mfd.; denser, 0.00007-mfd. ;
Cf, One Aerovox or Parvolt by-pass condenser,
C7 Three Browning-Drake special amplifier coupling condensers, o. i-mfd.;
C8 One Aerovox moulded condenser, 0.5-mfd.;
Two Eby vacuum-tube sockets, UY-type;
Four
binding posts (Ant., Gnd., Speaker
and Eby
Speaker);
One Browning-Drake Foundation Unit consisting of drilled front and base panels with amplifier sockets and resistor mounts, twisted a.c.
filament wire, connecting cable and all hardware.
The total cost of the parts in the above list is
nected in series with the primary in the antenna
circuit so that the primary is never tuned by
the capacity of any antenna length within the
200-550 meter band.
Three stages of resistance-coupled audio
amplification are recommended, although other
types may be used if desired.
It is unnecessary here to give constructional
details for the kit-set as these may be obtained
directly from the Browning-Drake Corporation,
who manufacture the 1929 Browning-Drake
A.C. Shield Grid Kit.
The Kit-Set has been carefully designed by
mathematical and laboratory methods, and the
writer feels that it is the best Browning-Drake
ever presented to the public. Not only does it
outperform all previous models from the standpoints of selectivity and sensitivity, but its tone
quality is as nearly perfect as can be obtained
at the present stage of the radio art. Coupled
with this is the feature of simplicity of operation,
due to its being absolutely single control.
LIST OF PARTS
A COMPLETE list of the apparatus employed
in the construction of the A.C. Screen-Grid
Browning-Drake Receiver follows:

Ai,screen-grid
A2 One type);
Browning-Drake 1929 kit (a.c.
Li, La Two radio-frequency transformers;
Risistors;
Three Browning-Drake center-tapped reR2 megohm
Three Aerovox
or Durham resistors, 0.05;
R3 Two Aerovox or Durham resistors, o. 1megohm;
R4 One Aerovox or Durham resistor, 0.5-megohm;

FIG.

Book
" A Treatise on 25 Testing Units for Service Men." Published by Radio Treatise
Company, New York City, 26 pages.
Price — $1.00.
HT H E title of this book defines clearly and defi* nitely its scope and purpose. In the description of the various testing units the author has also
given considerable general data on how to test
receivers. The service man, endeavoring to service a radio receiver by simply following instructions, has before him a task comparable to that
which Diogenes had. To successfully service a
set one needs, besides the mechanical tools of the
trade, a clear understanding of how receivers and
set-testing devices work. The educated service
man will not hesitate to try this strange food —
for an understanding of why the wheels go round
is strange to many service men.
The testing devices described in this book are
many and include the following:

The additional apparatus required for plac$5945ing the receiver in operation follows:
One screen-grid tube, a.c. -type;
One detector tube, UY227-type;
Two amplifier tubes, ux226-type;
One power tube, i7iA-type;
Filament transformer, B-power
ground, loud speaker, etc.

unit, aerial,

I. COMPLETE SCHEMATIC DIAGRAM

Reviews

Tube Reactivator and Filament-Emission
Tester.
Vacuum-Tube Bridge, by which one can
measure the amplification constant and plate
impedance of a tube.
Tube Tester, for measuring the electrical
characteristics of all types of a.c. and d.c. tubes.
Voltage Tester, for measuring the A, B, and C
potentials in any modern receiver.
Oscillators, both audio- and radio-frequency,
to be used as local sources of signals in servicing
sets or in making laboratory tests.
Laboratory Oscillators, producing frequencies
throughout the audio range and up to about 300
kilocycles. This is useful in measuring audiofrequency apparatus intermediate-frequency
transformers, etc.
Indicating Devices, which include descriptions
of several vacuum-tube voltmeters.
On page 17 is described a vacuum-tube voltmeter of thedesign generally known as the "slide-

back" type, in tvhich the unknown voltage is
balanced against the C-battery voltage. It is
not generally the case, however, that the unknown voltage is equal to the change in grid
voltage, although the author states that such is
the case. When very large voltages are being
measured the slide-back method can be used
with quite a small error, but with small voltages,
such as one frequently must deal with in amplifiers, the slide-back method, in the reviewer's
opinion, is quite inaccurate. However, the service
man generally is interested in qualitative rather
than quantitative values and in such cases this
type
of vacuum-tube
be utilized
satisfactorily.voltmeter probably can
As we indicated previously, the appeal of this
book is confined generally to the dealer or service man, although many set builders should
— H. E.instruR.
find the constructional data on laboratory
ments very helpful.

An

A, C. Band-Pass

The

many moons as the
FORoldestas radio
editor can remember, writers and engineers
have deplored the fact that one
cannot have both selectivity and
fidelity— and yett nothing much has
been done abou it. On the one
hand, we have receivers which may
get all the audio notes in proper
proportion, but which, so far as
selectivity is concerned, are as broad
as the proverbial barn door. On
the other hand, we have receivers
which, to use an advertising phrase,
are as sharp as a knife blade, but
which — and advertising writers say
nothing about this fact — get few
notes above 3000 cycles. And there
you are. You may pick and choose,
but it.you can't have your loaf and
eat
A radio receiver first of all must
select the program you want to
listen to, and then must amplify
the audio tones to the level desired,
whether it be for head-phone reception or full loud-speaker volume,
usually the latter. But if, in the
process of selecting, half of the
audio tones you want to hear are
lost, no amount of audio amplification will bring them back again in
their proper proportion. There will
be plenty of "lows" to be sure, lots
of the bass drum — unharmonious
instrument — but few of the humanlike notes of the violin.
And so in a congested district
where broadcasting stations are
placed far enough apart not to bother each
other, but close enough together to prevent any "getting out," people built receivers which were not very selective, and so the
quality was good. Fans outside the large
cities, however, had a different problem. Surrounded bystations, all over 100 miles away, the
receiver had to have selectivity enough to cut
out a geographically near-by station which
might be poor in quality in order to receive a
good station only 10 kc. away from the nearer
station. No wonder side bands were clipped.
No wonder few notes above 3000 cycles were
received.
Up until about a year ago such a dilemma as
this existed in every constructor's mind — should
he build a selective receiver, one that would get
out, or should he be satisfied with local broadcasting and build a broadly tuned receiver? In
most cases a compromise was difficult to effect.
Then, at a meeting of the Institute of Radio
Engineers, Dr. F. K. Vreeland gave his paper
of band-pass tuning which promised not only
more selectivity but greater fidelity of response
as well. This started many engineers thinking
and remembering their text books and wondering why themselves.
they hadn't thought
Dr. Vreeland's
scheme
For theof truth
must be
told, Dr. Vreeland called to mind the old system
of tuning two circuits to the same frequency and
then coupling them closely enough together that
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the response curve no longer looked
like a steep mountain, but like twin
peaks side by side. It no longer
had gently sloping sides down at
the interference-frequency region,
but a sharp cut-off.
And what good is such a curve,
you may ask? Why have a broad
top and steep sides. The answer is
the reply to the prayers of engineers
and those who want more selectivity
and more fidelity of response. At
the top of the curve — where the
audio tones are — a broad flat plateau
exists, at the sides of the curve —
where interfering stations are —
there is a steep precipitous drop in
response.
BAND-PASS FILTER CURVES

THE HI-SI IN. A COMBINATION
PHOHOGRAPH-RADIO CABINET

CT'HE theoretical background of the IQ2Q
■*■ model of the Hi-Q receiver, as outlined
in October Radio Broadcast, is amplified
in this article Jrom the Hi-Q organisation.
In the Laboratory, as tested under average
conditions, the receiver seemed to have considerable r.f. amplification, the selectivity
was good, and the fidelity of response was excellent. The completeness with which the r.f.
circuits are filtered probably has much to do
with the stability, and simplicity of operation. There are no trick adjustments.
There is one interesting point which is not
mentioned in this article, and about which we
hope to present data soon. This is the fact
that the shape of the response curve depends
upon the frequency — that is, the curve will be
one thing at 500 kc, something else at 1 500 kc.
— when the circuits are coupled by inductance, capacity, or mutual inductance. Just
what this effect is, in the present receiver, was
not apparent in the Laboratory. At the top
and bottom of the broadcast-frequency
spectrum good response11was
obtained. Perhaps the receiver had been 7adjusted somewhere
in the middle of the band so that at the two
ends it still had a band-pass circuit character<*S9(£
estic.
— The Editor.

ET us look at Fig. 1 which represents engineering data on the
Hammarlund Roberts "Hi-Q 29," a
receiver making use of the timehonored method of obtaining the
flat-topped response curve described
above. In the case of the single coil
and condenser tuned to 1000 kilocycles, the top of the curve is peaked
markedly, and if, as is usual, a
little regeneration creeps into the
amplifier, this peak becomes even
more marked. The dotted line represents the response or resonance
curve of a circuit with a resistance
of about 5 ohms at 1000 kc. a lowloss circuit. At 2000 cycles the curve
is beginning to droop and at 5000
cycles the response has been reduced
to only 60 per cent, of the response at, say, 100
cycles. Now look at the full-line curve which
represents the band-pass tuning arrangement.
This is laboratory data on a single r.f. stage of
the "Hi-Q 29" receiver. At 2000 cycles the curve
has not even begun to drop, and at 5000 cycles
the loss is only 10 per cent.
At the bottom of the curves in Fig. 1 other
interesting things may be noted. The dotted
curve shows a response at 20 kc. off resonance
of 20 per cent. In the case of the Hi-Q stage,
however, the loss is 90 per cent, which, in a twostage affair, where the loss is squared, gives a
response of 1 per cent, instead of 4 per cent, for
the simpler circuit.
So far so good, but how is it possible for a receiver to be selective and still have good fidelity
of response? Fig. 2 is the diagram of a single
transformer-coupled stage of r.f. amplification
which has the proper electrical characteristics to
give a curve like that of Fig. 1 (dotted-line curve).
The less the resistance in this circuit, the greater
the amplification, and the greater the loss to
the high audio tones. Now let us contrast this
circuit with the more complicated one in Fig. 3,
which is the arrangement used in the Master
"Hi-Q 29" receiver. Here, again, we have a
transformer-coupled stage of r.f. amplification,
but both the primary and secondary windings are
tuned — and they are tuned to the same frequency. Infact the primary and secondary coils
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and condensers are identical. The lower the
resistance of the coils, the greater the amplification, but the side-band clipping depends upon
the coupling between the coils which can be adjusted mechanically.
Theory states, and if you care to look it up
you will find it in Pierce's Electrical Oscillations
and Electrical Waves, pages 73 to 85, or Morecroft's Principles of Radio Communication,
pages 119 to 136, that when two such circuits
are tuned to the same frequency, and coupled
electrically to a sufficient degree, the circuit no
longer responds to the frequency to which the
individual circuits were tuned but to two new
frequencies which are displaced from the singlecircuit frequency a certain amount, depending
upon the coupling. In Fig. 4 may be seen two
extremes of coupling. In one case (A) the
coupling is very loose, so that a single sharp
peak shows up, and with this adjustment little
energy is transfered from primary to secondary.
In the other case (B) the coupling is too close.
Two peaks arise with a sharp dip between.
Somewhere between these two degrees of coupling is found the type of curve we want, broad
at the top and steep at the sides.
COUPLING ADJUSTMENT
THE coupling, then, is the important thing,
and fortunately it can be controlled and adjusted until the desired type of response curve
results.
So much for the theory of the Master "Hi-Q
29" receiver, It employs a band-pass filter type
of r.f. amplifier using screen-grid tubes (a.c. or
d.c.) which selects and amplifies but which clips
side bands far less than the conventional lowloss coil transformer of the type used in nearly
all present receivers. The detector of the receiver is conventional — a grid leak and condenser type. The audio amplifier is composed of
two stages coupled with high-grade audio transformers. The last tube is a 171 type, and, as may
be seen in the picture, sufficient room is allowed
on the chassis for mounting an output device,
or if desired a push-pull amplifier.

This chassis is made of steel,
plated with cadmium which
prevents rust, and has almost
the same dimensions as last
year's model. The individual
stage coils and condenser are
housed in aluminum boxes. The
tubes themselves are between
the shields and shielded leads
make the connections from the
control grid to the apparatus
within the boxes The volume control governs the voltage on the screen grids. The antenna stage
is tuned separately t —
from1 the other circuits,
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and an additional tapped arrangement on the
coil permits some range of selectivity control in the antenna stage. Careful shielding is
necessary in this circuit where the primary
windings of the radio-frequency
transformers are tuned. Any feedback coupling would introduce serious difficulties. For this reason the
stage shields used are tight fitting,
and the wires which connect coils to
the tubes are enclosed in screening
which is supplied as part of the
Hi-Q kit.
So much for the electrical and
mechanical properties of the new receiver. Complete data on how to
build, adjust, and operate the set are
obtainable from Radio Broadcast or
from the Hammarlund-Roberts organization. The
list of parts on the next page is the list specified
by the manufacturer. The coils and mountings
are special, and difficulty would be had in at-
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tempting their construction. Their essential dimensions are given in the complete circuit diagram, however, so that if the constructor desires
he may try his hand at it
What does the receiver do on the air? Just as
an automobile manufacturer sends his product
out over the road to see how long it will run without falling apart, how fast it can go, or other tests
which the user probably never will desire to
make himself, so must the radio set manufacturer make his receiver go through a "road
test." The following is a report of such a test
made for the Hi-Q organization.
In a small town on Long Island, about 8 miles
from weaf, 30 miles from wjz and 10 miles from
wabc we set up the model using Arcturus a.c.
screen-grid tubes in the r.f. circuits, Arcturus
46 and 48-tubes
in the detectortype
and 371
firsta
atype
f. circuits,
and a Cunningham
tube in the power a.f. stage. The antenna was
used ordinarily for a 40-meter amateur transmitting station and was about 60-feet long with
the lead brought in from the middle. The two
ends were about 45 feet above ground, and the
set was operated in a second-story room. The set
was not grounded — this was accidental, not intentional— and the selectivity and sensitivity
might have been improved if proper grounding
had been looked after. The night was October
13, the beginning of the winter season of heterodyne notes and ether jamming.
The stations whose calls were identified definitely came in with a more than ample volume for
a large Peerless dynamic speaker in a threefoot baffleboard. wls and wod in Chicago were
very strong, wip in Philadelphia was very loud —
ordinarily he is difficult to hear on Long Island —
and the old stand-by's, kdka and wgy were roaring in. wham at Rochester was easy to get,
so were wbz, wtam, and one station between
weaf and wjz was separated easily from these
y\

FIG. 4

two near-by stations. It was probably wrc in
Washington. All in all, the writer had an enjoyable evening and predicts much fun for the owner
of such a receiver.
other models
THERE
receiver. areOnetwois models
designedofforthed.c.Master
tubes, Hi-Q
and
thecircuitdiagram for it was published in October
Radio Broadcast, page 343. The other is for
a.c. tubes and the diagram is published herewith.
This receiver uses Arcturus screen-grid tubes
which require a 15-volt filament supply. The
Thordarson power-supply equipment illustrated
in Fig. 5 supplies this voltage as well as the other
filament plate and grid voltages for the operation
of the entire receiver.
The foundation unit supplied by the Hi-Q
organization includes the resistors R6, Rr, and
R8 which are the center-tapped 50-ohm units for
the first tube. And small fixed resistors used to
filter the screen-grid circuits.
The picture of the receiver which appears on
the next page shows several interesting features of
its mechanical construction. One of the sides of
the middle shield has been removed to show how
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the two coils of the transformers are located,
one above the other and on opposite sides of the
insulating strip on which they are mounted.
The position of the coils is fixed in the factory
so that the desired coupling is attained. The
double-condenser system, one condenser for
each coil, is easily discernible, as well as the fact
that all of the condensers, except the antenna
tuning capacity, are controlled by a single dial.
The antenna stage is, of course, in a separate
shielded compartment, and consists of a highgain, low-loss coil with taps on it so that antennas ofvarious lengths can be accommodated.
In operation the proper antenna tap should be
found by trial and then the top of the compartment screwed down tightly, thereby reducing
unwanted coupling to near-by fields to a minimum, and effectively sharpening the tuning of
this stage when operated in the vicinity of
several local stations.
The list of apparatus employed for the construction ofthe Master Hi-Qa.c. receiver follows:
Ai, A2, A3 One Hammarlund Hi-Q 29 coil set;
Ci to C5 Five Hammarlund midline condensers,
0.0003 5-mfd., type ML-17;
C6 mfd.;
One Sangamo fixed mica condenser, 0.00025C7 mfd.;
One Sangamo fixed mica condenser, 0.00 1Cs to Cw Six Parvolt by-pass condensers, 0.5mfd., series 200;
GuOne
200; Parvolt by-pass condenser, 4-mfd., series
Li, L2, L3 Three Hammarlund r.f. choke coils,
type RFC-85;
Lj One Thordarson choke coil, type 196;
Ri One Carter " Hi-Pot " Potentiometer, 100,000ohm, Type 1 1 ;
R? One Durham metallized grid resistor, 1.5megohm;
R3, R4 Two Durham metallized resistors, 0.25megohm ;
Ti, T2 Two Thordarson a.f. transformers, type
R-300;

VIEW OF HI-Q WITH SHIELD COVERS REMOVED
Y wire;
One Yaxley cable and connector plug, 12Two Hammarlund knob-controlled drum dials,
type SDW (Walnut);
Five Benjamin Cle-Ra-Tone sockets, type 9040;
Two Eby binding posts, engraved;
One Hi-Q Foundation Unit containing one drilled
and engraved Westinghouse Micarta panel,
three complete aluminum shields, one drilled
steel chassis, shafts, one binding-post strip,
Fahnestock clips, fixed resistor units R6, R7
and R8, resistor mounts, brackets, clips,
wire, screws, nuts, washers, and all special
hardware required to complete the receiver.
The total cost of the parts required for the
construction of the receiver is $109.45.
The following is a list of the parts used in the
construction of a power unit for the Master
Hi-Q a.c. receiver:

C15200;One Parvolt by-pass condenser block,
200;
3-mfd.;
One Parvolt filter condenser, i-mfd., series
C17200;
One Parvolt filter condenser, 2-mfd., series
Cis One Parvolt filter condenser, 4-mfd., series
C19 One Parvolt filter condenser, 2-mfd., series
P One Thordarson power compact, type R-171;
R5 One Electrad "Truvolt" resistor, Hi-Q-type;
T3 400;
One Thordarson filament transformer, 15volt, type T-2610;
S. S. One Pair of Yaxley insulated phone-tip
jacks, type 422.
The total cost of the apparatus employed in
the construction of the power unit for the Hi-Q
is $4 1 .60.
2nd A.F.
171-A

FIG. 5. THE COMPLETE SCHEMATIC DIAGRAM OF THE MASTER HI-Q RECEIVER TOGETHER WITH THE CIRCUIT OF A SPECIAL POWER UNIT DESIGNED FOR THE RECEIVER

New
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B-Power
By

THE rectifier described in this article 400
is a new device designed for use 3g0
in Majestic, Thordarson R-171, or
other similar types of B socket-power 360
devices. This new unit was made possible 340
320
only after many months' research ic)
and ex^
periment with metallic (electron
reo
tifier systems by Harry Shoemaker, Chief 300
Engineer of Elkon, Inc., New York City. 280
While the underlying principles of contact g
rectification (into which class falls this S250
rectifier) perhaps are not new, still the ^240
pitfalls were many, particularly when >22Q
dealing with potentials in the order of £
350 volts many problems arise that g200
must be solved.
180
Any means of high-voltage rectification
must be comparable in performance to
that produced by modern high-vacuum 140
filament-type rectifiers. This new rectifier, 120
known as the new Elkon type ebh, is the
first of a series of high-voltage rectifiers. 100
The pictures show the new Elkon ebh so
rectifier in assembled and partially com
plete forms; it is 5I inches in height
has a diameter of if inches and weighs
approximately 16 ounces. The use of a
standard tube base permits its use
in the same way as any other ordinary type of rectifier — gaseous or thermionic.
Since the unit is nearly all metal and contains no
glass envelope or supporting structure it is obvious that little or no damage can come to it.
The outer aluminum casing serves essentially as
a heat radiator.
The actual rectifier consists of a large number
of couples made up of cupric sulphids in contact
with an aluminum-magnesium combination.
These coupling elements have all the appearances
of a large number of washers, and are xVinch
in diameter. In proper combination they are assembled into four stacks, and then by means of
clamping collars are forced together hydraulically to a predetermined pressure. The four main
sub-assemblies are then inter-connected so as to
fit electrically the circuit for which the rectifier
is intended ; thus the base-plug permits supplying

FIG. 2
How the rectifier compares in
si\e with a screen-grid tithe

J. GEORGE

Rectifiers

for

Units
UZMANN
fier isabout 20 volts lower, over the useful
ranges, than that of a gaseous rectifier.
An important feature of these new
metallic rectifiers, according to the manufacturer, is that they have a life of
approximately 5000 hours as compared
to iooo for other types of rectifiers.
The Elkon ebh rectifier may be used
in constructing new power units or may
be used as a replacement rectifier in
existing power units using a gaseous
rectifier. In using it as a replacement
rectifier no circuit changes are required ;
simpby remove the present gaseous rectifier and place the ebh rectifier in the
socket. The ebh rectifier cannot be used
to replace rectifiers of the filament type
without making changes in the wiring
of the power unit.
The electrical characteristics of the
Elkon ebh rectifier follow:

60

80 100
LOAD IN mA
FIG. I

C I 'HE article on this page presents the description
of a new high-voltage metallic rectifier which
may exert a great influence on the design of powersupply devices of the future. The data were prepared by J'. George Upnann at the request of
Elkon, Inc.
— The Editor.
the high voltage raw a. c. to the coupling units,
and finally taking off the full-wave rectified d.c.
output component.
The process of manufacture, treatment and
aging, around which the device evolves, makes a
story in itself, but space does not permit a lengthy
description. In the complete assembly 240 pair of
"couples" are employed, and, since the maximum
impressed voltage per anode is 350 r. m. s. (700volt total), it is evident that the couples are designed for a potential pressure of approximately
3 volts r. m. s. per pair of couples. The operation
of the ebh rectifier is based upon the physical
fact that when relatively high electropositive and
electronegative bodies are brought into proper
contact, and current passed so that an electrochemical reaction takes place at their junction,
an asymmetrically conducting film is formed
at the junction which permits the passage of
current in one direction only. These films
can be formed and continuously maintained
when proper electrical and physical conditions
prevail at the junction.
The load characteristic of a typical B-power
unit using the Elkon ebh rectifier is given in
Fig. 1. It should be noted that the slope is
very uniform from no load to maximum load,
with but a slight curvature at the extreme ends.
For gas tube rectifiers the curve would show the
output voltage rising abruptly within the no
load area. The output voltage of an ebh recti120

Use: In full-wave rectifier circuits of
B-power units.
Base: Standard ux Base. The anodes
are connected to the two filament prongs
and the cathode to the plate prong.
Maximum permissible a.c. plate voltage
per anode: 350 volts r. m. s.
Maximumd.c. output current: 125 milliamperes.
Maximum overall height: 5! inches.
Maximum overall diameter: if inches.
General: This rectifier is designed for use in
the construction of B-power units to supply
sets requiring plate voltages not in excess of
about
180 volts.
are so wired
that The
this prongs
rectifier onmaythe betube's
used base
as a
replacement rectifier in all types of B-power units
originally designed to use a gaseous-type rectifier.
The Elkon Rectifier type e8o has similar characteristics to the type ebh except that the base
is arranged to replace 280-type filament rectifiers in power units.

FIG. 3

Picture shows mechanical construction of the new metallic rectifier
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The A. C.-66 Dayton Receiver
'"PHIS
data sheet
is devoted
discussion
of a receiver
that toutil-a
izes the screen-grid tube as an r. f.
amplifier. There are three r. f. stages
in the set, the a. c. screen-grid tube
being used in the first stage and
226-type tubes in the second and
third r. f. stages. The detector circuit uses a 227-type tube, the first
audio stage uses a 226-type tube and
the
power
stage employs
a 250-type
tube. This receiver
can be considered
unique in that it is one of exceedingly few manufactured receivers
that utilizes the screen-grid tube in
the
r.
f.
circuit circuit.
and a 250-type tube
in the output
TECHNICAL DISCUSSION
1. Tuning System
The four tuning condensers are
ganged to a single control. Across the first tuning
condenser is placed a midget variable condenser so
that this circuit may be tuned to exact resonance. An
antenna of ordinary length is connected directly
to antenna terminal No. 1 ; a long antenna is connected to terminal No. 2 so that the signals are
compelled to pass through a small fixed condenser,
Ci, w hich has a capacity of 0.00025 mfd. No neutralizing or stabilizing devices are necessary in conjuncwith thecircuits
222-type
tube. Tofixedsuppress
in thetion 226
900-ohm
resistorsoscillations
are connected inseries with the grid of these two tubes.
2. Detector and Audio System
In the grid circuit of the detector is placed a 2megohm grid leak and a 0.00025-mfd. grid cona 227-typeto ground
tube andwiththea
output ofdenser.theThe detector
detector isis bypassed
0.001-mfd. fixed condenser, C2. The audio amplifier
contains
two condenser
transformer-coupled
stages.across
A 0.0025mfd. fixed
is connected
the
secondary of the first audio transformer to improve
the
The 250-type
output
tubehigh-frequency
feeds into a response.
choke-condenser
combination
located
in
the
power
unit.
3. Volume Control
The volume control in this receiver consists of a
100,000-ohm resistor, Ri, connected across the
secondary of the first tuned circuit. By adjusting
this control it is possible to regulate the amount of
energy fed into the r. f. amplifier. In this way the
possibility
of overloading in any of the tube circuits isprevented.
4. Filament
Circuits
Filament current for the various tubes in the
receiver is obtained from several windings on the
power-supply transformer located in the power
unit. The 222-type a. c. screen-grid tube obtains its
current from a 2.5-volt winding, and 2.5 volts for
the detector tube filament is obtained from a winding on a separate filament transformer. The r. f.
tubes and the first audio tubes are supplied from a
1 .5- volt winding and the 250-type power tube from
a 7.5-volt winding. The 1.5-volt winding, is shunted
in the receiver by a 20-ohm potentiometer, R2,
with two
0.5-mfd.
condensers
connected
across
it, their
centerby-pass
point being
connected
to the
125-volt lead from the power-supply unit. A 65-ohm
center-tapped resistor, Rr, is connected across the
filament circuit of the 250-type power tube. The
20-ohm
is adjusted
factory to
the pointpotentiometer
of minimum hum
in the atloudthespeaker.
One Dial Control

MODEL
. Plate Circuits
The circuit
screenof grid
of the 222-type
tube and with
the
plate
the detector
tube are supplied
125 volts through a 35,000-ohm fixed resistor, R3,
which serves to reduce the potential to approximately 45 volts. The plate circuit of the first audio
tube fixed
is supplied
voltsserves
through
a 10,000ohm
resistor,withRi, 125
which
to reduce
the
potential to about 100 volts at the plate of the tube.
The plates of the 226-type r. f. tubes and the plate
of the screen-grid tube are all supplied with 125
volts. The power
250-type
from
unit. tube is supplied with 350 volts
6. Gridthe Circuit
The grid bias on the grid of the screen-grid tube
is 1.4 volts, obtained by connecting a 900-ohm
resistor, Rs, in series with the plate circuit of this
tube and then utilizing the drop in voltage across it
for grid bias. The 900-ohm resistor, Rs, supplies 9
volts
of gridtube.
bias toThere
the 226-type
f. tubes
and the
first audio
is no biasr. on
the detector
tube. A 1500-ohm C-bias resistor in the power unit
supplies
tube. 63 volts to the grid of the 250-type power
7. The Power Supply
The grampower
in the
diabelow, issupply,
placed not
in theshown
cabinet
withcircuit
the radio
receiver. The power unit is of conventional design,
supplying all the d. c. and a. c. voltages required
the rectifier.
operation of the set. A 281-type tube is used
asfor the
The following data was supplied by Mr. R. S.
Copp, Chief Engineer of the A-C Dayton Com"The a. c. screen-grid tube is rather new to the
pany:
publicers a comparatively
and has only been
to manufacturshortavailable
time, and,
therefore,
there is not a great deal of data available as yet.
Our Engineering Department has been giving quite
a bit of time in the laboratory on this new tube and
we have found out a few things which might be
of interest to the readers of Radio Broadcast.
"The AC-66,
a. c. screen-grid
Model
uses one oftube
thesereceiver,
tubes inknown
the firstas
radio-frequency circuit only. It is placed in the
first r. f. circuit in order to gain sensitivity, especial y on inefficient antennas. This tube is then
followed by two tuned stages of radio-frequency
amplification, using the 226-type a. c. tube. The
227-type
tube isandusedthenas detector,
the 226-type
tube
as first audio
for the last
2 megstage, we are
f^^l 0.00025

_||_J_ mfd_

THE RECEIVER CIRCUIT

using
the inneworder
250-type
amplifier
to givesuper-power
the best of
tone ume
quality
with
obtained. the increased vol"We are using r. f. transformer
coupling
with
a ratio ofononethe toscreen-grid
three. Thistubesystem
is employed
in
preference
to
impedance coupling in order to obtain a
good degree of selectivity, and yet
not
destroy
this tube has. the sensitivity which
" Inasmuch as this new tube is for
a. c. operation we obtain our C bias
through a 900-ohm resistor in the
plate-supply
lead which
is in series
with
the cathode
and ground.
This
gives
approximately
on
the grid
of the tube, 1.4-volt
with 125biasvolts
of plate potential with 45 volts apthe screen-grid
"Theplied to heater
element element.
of the a. c.
screen-grid tube is the same as the one used in the
227-type
tube, circuit.
and the The
same center
methodstap are
usedheater
as in
the 227 heater
of the
circuit is grounded and is not connected to cathode
as shown in some circuits. By grounding center-tap
connection of heater winding the heater becomes
1.4 volts negative with regard to cathode which is
necessary in order to obtain maximum efficiency.
"Ourus experiments
tubesIn have
shown
that this tubeon isscreen-grid
very efficient.
fact,
so much so in some cases as to prohibit the use of
more than one of the tubes in a tuned r. f. set, withoutgree.decreasing
an undesirable
deThen againselectivity
if several ofto these
tubes are used
and coupled properly to obtain the highest order of
amplification, the sensitivity becomes so great as
to increase background noises which in the end does
not give satisfactory results, unless the volume
is reduced and then the efficiency is back again to
that of one tube, in the first r. f., followed by
regular tubes as r. f. amplifiers.
"The shielding of a screen-grid amplifier is very
important, otherwise, inter-coupling of circuits
will develop and cause uncontrollable oscillation.
Where only one screen-grid tube is used, it is not
necessary
as is the
case
where totwoemploy
or moreextreme
are usedshielding,
in a receiver.
" With
our
form
of
construction
and
circuit
design, we find a gain of approximately twenty in the
first stage as compared to approximately eight
in the second and third stages of the r. f. circuit,
therefore, our gain up to the detector tube is in the
order of about 1300, whereas the gain on a straight
226-type set-up of three stages is about 500. This
we believe is a sufficient increase over a 226-type
set-up,
presenting a compromise of amplification
and
selectivity.
" If three stages of screen-grid amplification were
used, a tained;
gainthe result
of twenty
be mainwould perbe stage
8000. could
However,
this
gain is entirely theoretical and would be decreased
by ingseveral
that we thousand
could countin onactual
a gainpractice.
of 6000,Grantwhat
would our chances be in using it all? Atmospheric
static and electrical disturbances in the average
community
such cause
to-daya that
amplificationarewould
noisethis
levelenormous
in the
volume of a roar and in order to reduce this roar,
the volume control would have to be retarded
greatly, so we would be only bringing up something
we could not use and there is no object in this."
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The Fada 50, 70, 7/, 72 A. C. Electric Radio Receivers
THE Fada receivers, models t>0, 70. 71 and 72,
all use the same chassis so that in operation
and in technical characteristics they are similar.
The model 50 is a table model, the 70 is housed
in a the
low-boy
console, thein 71a console
in a high-boy
console,
and
72 is contained
which also
contains a phonograph turntable and pick-up unit .
The receivers are of the single-control type, the
station finder being calibrated in wavelengths
and also in degrees. The sets may be operated on
either a loop or antenna. The models 70, 71, and 72
are
equipped with a new Fada model-14 dynamic
speaker.
TECHNICAL DISCUSSION
1. Tuning System
The prises
tuning
used inandthese
receivers
comfour r.f. system
transformers
tuning
condensers
and include of LiO, L2C2, L3C3 and L.1C4. The four
tuning condensers are ganged to one control and
are operated by a single drum dial. Between the
tirst and second r.f. tubes is placed a special untuned radio-frequency transformer designed with
a gain-frequency characteristic essentially opposite
to that offormer;anthe result
ordinaryof using
tuned such
radio-frequency
trans-is
a transformer
that
the
gain-frequency
characteristic
of
the
entire
receiver is made much more uniform than it would
otherwise be. All of the stages are neutralized by the
Hazeltine method. The neutralizing condensers are
C*. Ce, formC7
and Cs.in Each
radio-frequency
transer is enclosed
a shield
in order to prevent
interstage coupling. The tuning condensers, C>,
C3 and Ci, are shunted by small midget condensers
which are adjusted at the factory to bring each
stage into exact resonance.
2. Detector and Audio System
A grid-leak-condenser-type detector is used,
Cs being the grid condenser and Ri the grid leak.
The output of the detector is bypassed to ground by
the fixed condenser Cm, and, in order to keep the
radio-frequency currents out of the audio system,
the r.f. choke coil, L5, is placed in the detector plate
lead. The audio amplifier is a two-stage transformercoupled affair with a phonograph jack placed across
the primary terminals of the first audio transformer.
An interesting point about the audio amplifier is
that the d.c. plate current of the first audio tube is
kept out forofmer, T2,the
primary ofofthethefixed
inputcondenser
push-pull C9transby means
and
the
audio-frequency
coil,
Le. The removal of choke
the direct
current from the transformer
Loop
winding eliminates the possi-
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MODEL 72
bility of saturation in the core which would lower
the inductance and cause a loss in amplification
at low frequencies.
3. Volume Control
The volume control, R2, is a variable high resistor
connected across the secondary of the untuned
radio-frequency
transformer.
this fed
position
serves to control the
amount of Inenergy
into theit
remainder of the r.f. amplifier and detector system.
4. Filament Circuits
Since 227-type tubes are used in all the sockets
of this receiver with the exception of the power
stage only two filament windings are necessary on
the power transformer. One of these windings supplies approximately 2.5 volts to the heaters of all
the 227-type tubes and the other winding supplies
currentfier.toTo prevent
the powerthe tubes
in the push-pull
amplir.f. currents
in the amplifier
circuits from circulating around the various cir-

C(Common)7
Amp. (6)
Fil.(3>
Pwr(4) '
THE RECEIVER AND POWER CIRCUITS

choke coils,
placed in the
cathodecuits,leads
to eachL?, ofLstheLs,fourL10,r.f.aretubes.
5. Plate Circuits
Filters are used in the plate circuits of all the r.f.
tubes so that the r.f. currents are compelled to return directly to the cathodes of the 227-type tubes.
If the filter systems were not used these currents
would pass into the power system where common
coupling would result. The filter systems in the r.f.
plate circuits consist in each case of Ri, and C11.
The filter
system
in the
plate circuit of the detector
tube
consists
simply
of C12.
6. Grid Circuits
C bias for the various grid circuits is obtained by
connecting fixed resistors in series with the cathode
leads in the case of the 227-type tubes and in series
with
the center-tap
filamenttransformer
winding inconnection
the case ofofthethepower
tube.
For bias on all the r.f. tubes a common resistor, Rj,
is used. It is bypassed by C15. Bias for the first audio
tube is obtained from R5 and bias for the power
tubes is obtained from the resistor, Re, located
in the power-supply device.
7. The Power Supply
Two power-supply units are available for use
with this series of receivers. The type E-420 is for
use with 210-type power tubes and the type E-180
is for use with 17lA-type power tubes. The latter
power unit is illustrated in the circuit below. This
power unit consists essentially of the power transformer, T4, which supplies plate and filament voltages for operation of a 280-type full-wave rectifier
tube and filament voltages for the receiver. The output of the full -wave rectifier leads into the filter
system, consisting of the two filter choke coils,
Ln and L12, and the filter condensers C13. The condenser, Cm, connects from side of the 110-volt line
to the ground circuit and this condenser serves to
bypasswise betoaudible
ground inany
noisesof which
might otherthe line
output
the receiver.
Plate
voltagetion for
the
power
tube
is
obtained
the juncbetween the two filter choke coils,at and
plate
voltages for all the other tubes in the receiver are
obtained by connecting suitable resistors across
the output of the filter system. The primary of
the power transformer is arranged with two taps,
one for use with line potentials of 110 to 130 volts
and the other for use on line potentials of 90 to 110
volts. Power to the entire receiver is controlled by
the switch,
SW. Theinpower
units E-420
and theE-180
are
both available
two models
so that
receiver may be operated from power lines with a
frequency of 50-60 cycles or 25-49 cycles.

PCV £R HETWORKS

DO HOT PROVIDE A SOLUTION TO THE PROBLEM OF SYHCHROHIZIHG
TELEVISION RECEIVERS
The rapidity of development ma\es it practically impossible to obtain an accurate up-to-date map showing the power networks
m the United States Afeuertheless, the shaded districts in the above illustration give some idea of what has been accomplished in
this field. In addition many of the networks shown above may be connected if necessary

Problems

in

Synchronizing

Television

Discs
By

BOYD

PHELPS

It will be evident what a mess would be made
would be the result. With these remarks as an
THE development of a system for keeping
the scanning disc of a television receiver of the picture if the receiving disc should slip introduction the necessity for precision in the
maintenance of exact speed of the receiving disc
in exact synchronism with that of the trans- around on the shaft only half a picture width,
mitting disc is one of the biggest problems in or if it was half a turn out of phase with the in television may be more apparent.
transmitter disc. But such a difficulty would be
radio at the present time. The simplest method
SYNCHRONOUS MOTORS
would be to have the disc at the transmitter on tame as compared to cutting the shaft between
the same shaft with the similar disc at the re- the two discs and running the discs with separate
FOR distance transmission where a shaft conceiver. For a review of the principles of television,
motors at different speeds ! A rain or black and
necting transmitter and receiver is impractical, the first method of synchronizing that seems
this simplified arrangement will be considered.
white dots or streaks with no trace of a picture
obvious is to use synchronous motors opIn diagram A of Fig. i the subject, A,
!D®»? erating on the same alternating-current
at the left is being viewed by the electrical eye, C, through the holes in the
supply. This works fairly well under some
OYNCHRONIZATION is one of the major problems
conditions, but we shall speak more of
rotating scanning disc, E. The varying
in the accomplishment of television. Although in ex- this later. An ordinary 1760 r. p. m.
electrical impulses in C, produced by difperimental television, manual control may he used satisferent intensities of light reflected from
induction motor will run
orily, itis absolutely essential, if any sort of practical squirrel-cage
synchronous at 1800 r.p.m. on 60 cycles
light and dark parts of the face of A, are television factis
to be achieved finally, that some method of if four slots are cut in the rotor, and
amplified by a common vacuum-tube amsynchronisation be evolved that will hold the received image
similarly, motors can be made to run
plifier and cause the brilliancy of the flat exactly
stationary on the screen of the television receiver.
plate in the neon tube, D, to vary in step. At one time
3600, 1200, 900, etc. Fifteen complete
or another many of us probably have thought
pictures per second means 900 r. p. m.
An observer, B, looks through spirally
possibilities of synchronising the television re- of the scanning disc and is about the
arranged holes in disc F at this plate and, over the
ceiver
with
the
transmitter
by
the
use
of
synchronous
motors
minimum speed permissible without
although he actually sees it through only
flicker. This speed is used at present by
one hole at a time, the rapid rotation of the operated from the power lines of the local power company.
disc gives him the impression that image, A discussion of this method of synchronisation is the sub- C. F. Jenkins at his station 3XK in
ject ofthis article.
Washington, D. C, on 46.72 meters (see
A, is on the flat plate in D. What B sees
author, Mr. Phelps, after many heated arguments
Table 11). Twenty pictures per second
is shown in diagram B of Fig. i, the dotted withTheradio
enthusiasts who fell that this method would work
means 1200 r. p. m. of the scanning disc
line representing the margins of the scene.
and is the speed used for receiving the wgy
Each hole in the disc passes across the satisfactorily, decided that the only way to settle the argu3
mentwhich
was actually
to get
the 12"dope"
andcertainly
the ingenious
pictures on 380 meters from Schenectadv,
scene and traces the light-intensity variamethod
he
used
to
secure
the
data
makes
N. Y.
tions on the plate below the path of the interesting reading.
— The Editor.
previous hole until the last hole in the
A frequency higher than 60 gives a more
spiral comes around when the process
accurate lining up of the edges of the picis repeated.
ture, so in the Bell Telephone demonstra-
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a brand of clock, known as a "Telechron,"
which has a miniature synchronous motor geared
down to the hands, seem reasonably accurate
when operated on a 60-cycle circuit. The arguments then proceed along lines of how much
deviation from 60.0000 cycles is permissible for
television, and if the clocks gain or loose a few
seconds per day how many times in so many
minutes will the pictures be null and void or
worse. Also, if the error accumulating during the
24 hours of the day is corrected in the space of
an hour by a worse error in the opposite direction
what will be the effect? The writer, being of an
experimental turn of mind, and thoroughly fed
up on cidedsuch
which how
get nowhere, deto findarguments
out for himself

A variable-speed motor with a highly developed
speed control is used in this televisor

the various so-called 60-cycle currents in different parts of the country compare, which data forms the
"meat" of this article. If anyone
else knew the answer, based on
measurements instead of hearsay
or guess, he has certainly kept it a
close secret.
A few oscillographs costing a few
thousand dollars connected to a
few leased long-distance telephone
lines and an army of engineers putting local lighting current on the
end of these lines suggested itself
as the first solution. It never got
further than a suggestion, however, as every radio amateur has
a reputation to uphold, namely,
being able to get any result desired
from the stuff in his boxes of junk.
it(That
may wasn't
get by.)the only reason, but
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amplification after an ordinary short-wave tuner
has been adjusted to similar signals from other
amateur stations. Now it was only necessary to
compare these flashes produced by the distant
station with those caused by the local lighting
current to measure their difference in frequency.
Here at last was found one desirable feature of
the class of transmitter which is most cursed by
broadcast listeners in its immediate vicinity!
The first measurements were made by passing
enough of the local house current through the
neon lamp to light it to about half brilliancy or
about the same intensity as the signal which was
passed through the same lamp. When the incoming signal was in step with the local power the

tions a 2000-cycle current was generated by the
motor turning the transmitter disc. This current
was carried by a pair of wires, or a separate radiowave channel, to the receiver where it was ampliFIG. I
fied and fed into a 2000-cycle synchronous motor.
This motor was aided in driving the receiving disc
Diagram A shows the essenby a larger motor adjusted quite closely to the
tial parts
of transmitter
a simple and
television
right speed. Rumors have it that the Baird sysreceiver. Diagram B indicates
tem scrambles a synchronizing signal in with the
the si%e and position of the
picture frequencies and thus needs only a single
reproduced image.
pair of wires or wave band for the whole television operation. If so, and it is simple, it is a
Now it so happens that when a
great step in the right direction.
neon bulb (costing 55c) held in the
Then we have many semi-successful speed
hand is moved parallel with an antenna lead of an amateur transmitregulators for variable-speed motors. Some are
highly developed mechanical governors similar
ter it lights bright and dim in spots if a poor filter lamp became bright, and when it slipped behind
to the one shown in the picture. It is an interestis used in the transmitter plate-supply system. If a half cycle, or gained a half cycle, so it was 180
ing diversion to put a slip of paper under the edge no filter is used at all there are spaces between the degrees out of phase the lamp went out or beof a phonograph record on the turntable and try bright spots that are dark, especially if a single
came dim. This would have been entirely satisadjusting the speed to, say, 75 revolutions per
oscillator tube is used in a transmitter operating
factory except for four things: It was hard to
minute. After several minutes of timing and reon one half of the a.c. cycle. This lamp acts the time or count the pulsations when the station
adjustment notice if the slip of paper crosses the
same way if connected through a transformer to was keying; it was slow and discouraging trying
starting position at the end of every minute.
to call and instruct the right amateur stations
the output of several stages of audio-frequency
Electrical equivalents often include a
to hold their keys down for a few min*Time
resistor that may be short circuited
utes; there was no way of knowing
Table
L
Comparisons
of
Lighting
Frequencies
which frequency was the faster, and
periodically with a button or key maFrequency
Call
Direction
nipulated bythe operator who must
atmospheric fading, quite rapid at this
Sec.Rev.per
Location
pay close attention to the direction
time of the year, made the results very
8:21 3br
confusing.
59.546
75
Same
2.2
59.615
Toronto,
the picture is slipping, bring it back
Richmond,Ont.Va.
8:22 3als
5 2 Same
Richmond, Va.
8:27 3als
59.882
0 Same
quickly, and not overdo it. The exact
Experimental research at this point
62.666
8:37 3ajd
Tampa, Fla.
speed adjustment may be found finally
8:39 9beu
58.000
0
Same
Catonsville, Md.
1
Against
173
8:42 8dvm
59.333
gave waygineers
to seldom
plainuse"monkeying."
Enwith any of these devices, but at that
this undignified
St.
**
60.000
Not John's
Listed Sta., Mo.
?
Same
8:45
moment the disc may be part of a
WIZ
New Brunswick, N. J. 24 7 Same
8:49 3apq
59.927
60.084
expression
but their
"cutquarter
and try"
WIZ
New Brunswick, N. J. 23 7
turn around from where it should be,
much
the same.
An old
horseis
9:00 2bgz
9:02
60.000
Jamaica, L. I., N. Y.
so exact synchronism in every respect
59.933
9:04 CQ
Against
60.400
power
induction
motor
with
a
white
5
Quakertown,
Bloomfield. N.Pa.J.
9:06 2bkh
cardboard disc on the shaft and a black
30
60.378
is not easy. It is quite a ways from
Elkin, N. C.
4AAR
5 3
Against
Same
60.000
9.09
9:11
diameter line inked across the disc was
60.351
**Against
Westfield. N. J.
throwing a switch and sitting in the
2wi
y
(Unknown)
9:13
5 7
illuminated with the neon lamp con60.308
big arm chair
enternu
(Unknown)
5
**Against
9:14
tainment as we fornowan doevening's
with audible
nected on the local lighting current.
Not listed
9:15 3a VL
73
60.400
Not
listed
9:16 3avl
5
Against
60. 323
274With this arrangement it was noticed
programs (or until some advertising
Not listed
3avl
6
2
6.?
9:17 2wi
60.000
Against
program gets so nauseating we tune
that the motor ran so near synchronWestfield, N. J.
60.008
Against
9:19 4AHO
Not listed
9:22
in another station)
59.984
ous (1800 r. p. m.) that the black line
240.
9e\vq
WYE
Mt.
Clemens,
Mich.
9:25
Against
looked like a four-spoke wheel slowly
120.7
So far it might appear that a synRichmond, Ind.
60.286
9:30
Phoebus, Va.
chronous motor connected to the home59.884
3cgf
9:32 8dbg
turning backward (like old time mov? 2 Same
60.000
9:35
East Liberty, Pa.
60.000
17.?
lighting current is the final answer, as
2blx
ies of buggy carriages). A hack saw
White
Plains,
N.
Y.
60.
100
9:40
20
and
cold chisel on the rotor soon made
West Haven, Conn.
60 cycles is the standard frequency
60. 098
9:43 3apq
1CTP
8bfr
Jeanette,
Pa.
***
***
t
Against
ns
me
ai
9:46
Ag
Sa
60.200
supplied about 98 per cent., of the
20.4
Quakertown,
Against
9:50
59.
929
Not listed Pa.
stood
still.andBut
the
9:53 ICRS
homes in this country having public
21 8 Same
Against
athereafter
synchronous
motor
the when
"spokes'"
60.385
8dnj
4ab
Raleigh,
N.
C.
9:57
electric service. Indeed, many believe
7
neon
lamp
was
lighted
by
the
amplified
10
60.000
9:59
Against
Bay City, 111.Mich.
28
60.096
10:00 9erh
this is the only satisfactory answer,
Chicago,
Same
10:05 9ejo
305.
Geneva, 111.
signals of distant "raw-a.c." amateur
59.933
Against
and in most any radio store one can
62.000
1
WGT
**
stations the spokes revolved, someSan Juan, Porto Rico
9 A.M.
get into heated argument on either
times fast, sometimes slow, sometimes
Against
Time p. M. (Eastern Daylight Saving) unless indicated otherwise.
backward, and sometimes forward,
side of the question. The only tan"Exact
synchronism
or
very
close
to
this.
gible evidence seems to be that
and therein hangs this tale.
"Peculiar modulation producing additional "spokes."
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Table II. New U. S. Television
Licenses
Power
Call
Location
in watts Wave
in meters
Band*
4XA
White Haven, Tenn.
125-120
5,000
2XBV New York City
5,000
)
15,000)
66.67-65.22
6xc
Los Angeles, Calif.
5,000 65.22-63.83
2XBS New
York City
8x1
East Pittsburgh, Pa. 20,000
500
100 )1 63.83-62.5
IX AY Lexington, Mass.
62.5-61.22
2XBU Beacon,
N. Y.
3XK
Washington, D. C.
5,000 ) 61.22-60.00
8x1
East Pittsburgh, Pa. 20.000
5,000} 19. 86-19. 73
2XBW Bound Brook, N. J.
1 Each band 100 kc. wide
The motor disc and neon lamp were put in a
darkened box. A double-pole double-throw
switch changed the lamp from amplifier to local
a.c. to check motor synchronism, but it was always found in step. A stop watch timed the
number of seconds taken by the image of a
spoked wheel to make one complete revolution.
There being four poles to the 1800 r.p. m. motor
this meant a gain or loss of two cycles per revolution of the wheel image. If the "wheel" moved
in a direction opposite to that of the disc the
received frequency was leading the local frequency. While it is not certain the local frequency
was exactly 60.0000 cycles during this test it
generally is found to be very close to this, and
synchronous clocks in the vicinity (Jamaica, Queens County, N. Y.) keep very
good time. This is more or less confirmed
by the fact that about as many of the frequencies measured were found higher as
were lower. The observations listed in
Table I were taken July 24, 1928, the
time being Eastern Daylight-Saving time.
The hours during which the tests were
made represent possibly extreme power
load fluctuations between sunset and evening darkness when lights were being
switched on, but also this is the time when
most people would be using their television
receivers. Due to the quite uniform motion
of the "wheel" it could be followed on code
stations and none of the amateurs listed
know that they participated in this test, it
being unnecessary to get in communication
with them on the local transmitter. Where
the seconds required for a revolution of
the "spoked wheel" are a few it means
it was revolving fast and indicated a great
deviation from the local standard frequency. A great number of seconds for
one turn in either direction indicates
close to but not quite synchronism.
The stations with calls beginning with

IN SYNCHRONIZING

HpHE text of this book is intended to set forth
* the essential principles of the design and operation of B-power units.
The book is divided into several major sections as follows: Power Transformers, Rectifiers,
Condensers, Filter Chokes, Calculation of Resistances, C-Bias Voltages and Resistances, and
General Considerations. The last page of the
book contains an index. In the various chapters
the functioning of the component parts of a
B-power unit is considered.
Probably the major problem one confronts in
the building of a B-power unit is the choice of the
apparatus; that is, deciding what rating it should

DISCS

the numeral "2" that are shown
probably were operated from the
same power network. Three distant
stations had to be listed as being in
exact synchronism because for the
duration of the measurement, usually two minutes, no variation in
their frequency could be noted. Such
are probably rare coincidences and
if measured for a quarter hour would
probably show slow creeping of frequency. Two others came quite near
this standard. Due to peculiarities of
transmitter circuits, or filters producing frequencies that were multiples of 60 cycles, additional
"spokes" were present for some
NEW TELEVISION PROJECTOR
stations, oftentimes eight, occasionThis apppratus was exhihiied at the German Radio
ally twelve or sixteen, but it was
Exposition in Berlin by Prof. Karolus of Leipzig
not very hard to time one revolution if the modulation was strong.
The method of collecting the data as explained
Rev." A better statement of the case would be
above is so similar to what would happen in to say that (except for local stations) there would
attempting television by synchronous motors on
be no picture practically all of the time, but that
these power supplies that the answer can be read every so many seconds the picture would appear
correct for a moment. This puts a different angle
directly from the notes or data. A synchronous
television motor running 900 r.p.m. would,
on the problem and a vote taken amongst television friends seems to indicate that if nonhowever, take twice as long to get out of step as
synchronism
must be tolerated they would prefer
the figures under the column headed "Sec. per
having the picture come flitting in right
every second or so rather than spreading
out with long periods between correct p\ctures. In other words, almost exact synchronism would be more of a nuisance
than a moderate variation, which is an
unlooked for conclusion!
The data, even allowing a ten per cent,
error in some of the readings, forces us to
admit that synchronous motor operation
from lines out of our own network is far
from satisfactory and thus one more hope
for simple synchronizing is shot to pieces.
We now understand the hesitancy of the
big radio companies in not placing complete televisors on the market immediately
after the first public demonstrations. Television to-day is in about the same stage as
the old chain-drive, stem-wind horseless
carriages of not so long ago, but how many
goggled drivers of those days now regret
their early escapades when a driver had
to be a mechanic? By the time this article ispublished television probably will
have made several notable advances. A
more interesting and fruitful field for
APPARATUS USED BY MR. PHELPS IN
individual experiment is difficult to
CHECKING
POWER-LINE FREQUENCIES
find.
Book

"A Laboratory Treatise on B Battery
Eliminator Design and Construction."
Published by Radio Treatise Company,
New York City, 87 pages. Price — $1.00.
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have and what capacity. The author discusses
these subjects quite fully, and indicates the sort
of power transformers which should be used with
different B units, the value of the chokes, filter
condensers and resistors.
The dictionary being the only book in which
one probably can't find an error, the typographical errors (of which there are quite a few) in
this book may be excused. Technically the book
seems to be sound, although some serious errors
are to be found. For instance, on page 57 the
author states that, in connection with a.c. voltages, "the average voltage is that value indicated on our a.c. voltmeter." Actually an a.c.
voltmeter reads effective values. Average voltages are also confused with effective values in
the statement that, "the peak voltage is equal
to The
1.4 times
the on
average
chapter
filtervalue."
condensers, page 60,

states that if two condensers with similar ratings
are connected in series, the total voltage across
them may safely be twice the rated voltage. A
diagram is given showing two condensers so connected. This is one instance where we cannot recommend that the author's suggestion be put
into practice. When two condensers are connected inseries across a source of d.c. potential,
the division of voltage between the two condensers depends not at all on their respective
capacity — it depends entirely on their resistance.
However, in spite of these points about which
we differ with the author, we want to assure the
reader that the book contains a potpourri of
exceedingly helpful data. Its low cost puts it
within the reach of all of us and it is certainly a
— H. E. R.
worth-while
radio texts. addition to a library of elementary

The

"Chronophase"
for
T E. SMITH
Aero Products, Inc.

IN RECENT issues of Radio Broadcast, data
have been published outlining the development of the new " Chronophase " system of
radio-frequency amplification, and describing
the construction of a screen-grid receiver using
this circuit.
Some kit builders are not particularly anxious
to use screen-grid tubes, because of
their tendency to amplify microphonic
noises and also due to the fact that
their filaments are so delicate. Others
feel that the storage battery is an
unnecessary evil and are anxious to
construct a receiver which can be
plugged directly into an electric-light
socket. For these fans another model
of this receiver has been designed
which makes use of alternating-current tubes throughout. In this article
the
a.
of the "Chronophase"
receiverc. model
is described.
The construction of the a.c. model
of the "Chronophase" receiver is in
many details similar to that of the
screen-grid model which was described
in last month's issue. The assembly of
the set is simple, and complete instructions are supplied with the kit of parts.
The circuit diagram, given in Fig. 1, shows
that the leads to the last stage of audio amplification are independent of other parts of the set.
Therefore, if the proper power supply is availble, a 210- or 250-type tube may be used in this
stage, simply by applying 75 volts to the red and
black terminals of the Yaxley cable connector
and four- to five-hundred volts to the brown lead.
In the event that a 250-type tube is used, a
resistor capable of dissipating at least forty
watts should be connected between the green
lead of the cable connector plate and the Bminus wire. A resistor of 2000 ohms is approximately correct for all types of tubes.
No output device has been incorporated in
this receiver since many of the loud-speakers,
particularly of the dynamic type which are now
very popular, are provided with transformers

A*

for coupling the output of a power tube to the
actuating windings of the speaker. Several
methods of coupling the speaker to the final
tube are given in Fig. 2.
Many owners of radio sets have phonographs
of a more or less obsolete type. In this connection
it is interesting to note that a first-class audio-

phonograph
pick-up
unitparts
is used.
The following
are the
included
in
the
"Chronophase"
A.
C. Five
Receiver kit:

To
Speaker

Ci, C2, C? One Aero triple-gang
condenser, .00035-mfd., type AE-

II *
II

B+ Id)
FIG. 2. OUTPUT CIRCUITS
frequency amplifier, such as is used in "Chronophase," will, with a good loud-speaker, amplify
phonograph music equally as well as the finest
and most expensive up-to-date phonographs.
Therefore, many users may gain a great deal of
pleasure by purchasing a phonograph pick-up
unit and attaching it to the audio amplifier of
their A.C. "Chronophase" receiver.
The audio-frequency amplifier used in the
"Chronophase" is ideally suited for use with
phonograph pick-up units, particularly in the
a.c. models where a 210- or 250-type tube may
be used in the last stage. The Aero transformers
are designed so that they have a very flat
amplification characteristic up to above seventhousand cycles and above that point almost no
amplification whatever is obtained, thus reducing
the "needle-scratch".

Tubes

The changes required in the receiver for the
reproduction of phonograph music are exceedingly simple. A regular phone jack may be inserted in the set or tip jacks may be used. If
tip jacks are used, attach one tip jack to transformer post labeled P and the other to transformer post labeled B as shown at the point
marked X in Fig. 1. If this last method
is used, the detector tube must be
removed from the socket when the

4 mid
J 0

C>

C4 One Aero Midget condenser;
C5,2 1C6,
55; C7 Three Aerovox moulded
mica condensers, .001-mfd. ;
Cs C-60;
One Aerovox moulded mica condenser, .00025-mfd.;
Li, L2, L3 1 Aero coil kit, type U-203;
L4, L5 Two Aero r.f. choke coils, type
AE-250;
Ri One Special Centralab resistor,

R2 One grid leak, 3-meg;
R3 669;
One Yaxley resistor, 2000-ohm;
R4 One Yaxley resistor, 600-ohm;
Ti, T2 Two Aero audio transformers, type AEY One Yaxley cable connector and plug, type
One Aero A. C. "Chronophase" foundation
unit, including No. 400 cabinet, escutcheon
plate,
77o; base unit with sockets mounted, wire,
solder, and all other parts necessary for mounting and completing set, such as machine screws,
bushings, etc.
One
dial, type
ThreeNational
Kurz-Kasch
special"E";
knobs;
Three Eby "Junior" binding posts;
One pair Yaxley tip-jacks, type 422.
Total cost of kit as supplied by Aero Products
Company, $74.50.

'Speaker t^"l-Brown>220
v>
It
or Speaker Coupler
FIG.

I. SCHEMATIC DIAGRAM
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New

Apparatus
How

and

to Build a B-Power

A RE you operating your receiver in the most
A-\ economical manner possible? If a power
^
tube, such as the 171 a, is used in the
last stage it is advisable to use a socket-power
unit to supply the plate power. A B-power unit
designed to supply the various plate voltages
required for the operation of any standard receiver may be constructed easily. The apparatus
required are: a power transformer designed to
supply plate and filament voltages for the operation of the rectifier tube and filament voltage for
the operation of the power tube if this latter is to
be operated from alternating current, filter choke
coils and filter condensers to change the pulsating
current from the rectifier to a steady d.c. required
by the plate circuits of the various tubes, and a
bank of resistances and by-pass condensers
which will enable you to obtain the intermediate
values of voltages required for the operation of
the amplifier and detector tubes in the receiver.
The illustration on this page shows how such a
unit may be constructed easily and inexpensively
from a group of standard parts which recently
have been placed on the market.
This power unit supplies 180 volts for the
plate of a i7iA-type tube and also delivers the
negative 40-volt C-bias potential which this tube
requires. Intermediate potentials of 135, 90, 67
and 45 volts are also available. These latter
voltages are variable to some extent — the voltage
from the 135-volt tap may be adjusted to any
desired value from about 120 volts to 180 volts,
the go-volt tap is adjustable from 80 to 120,
the 67-volt tap may be varied from 60 to 80
volts and the 45-volt tap is adjustable from o
to 60. The voltage from the various taps is adjusted by rotating the arms on the Frost 2000ohm potentiometers; this arrangement making
it possible to use this power unit with any receiver, for it is possible to adjust easily the different output potentials to give most efficient operation of the radio receiver.
The power transformer at the left is a Dongan
type 5509 containing three secondary windings
— two 5-voIts windings and one high-voltage
winding, supplying 300 volts either side of the
center-tap connection. The Dongan choke coil,
type 7542, contains two filter chokes in a single
case. The filter condensers are three 2-mfd.
400-volt Frost type 1305. Each of the Frost potentiometers connected across the output have
a value of 2000 ohms. The long resistance located
at the lower left-hand corner has a value of 2000
ohms and it supplies the 40-volt C bias required
for the i7iA-type power tube.
To assemble this power unit the apparatus
should first be mounted on the baseboard as
shown in the picture. The leads from the power
transformer should then be connected to the
rectifier tube socket. As indicated in the picture,
the two red leads from the high-voltage winding
on the transformer are connected to the grid and
plate terminals of the socket; the two filament
posts of the socket are connected to the two black
leads from one of the filament windings of the
transformer.
The colors of these and the other wires leading
from the power transformer and the filter choke
coils are indicated in the picture and if it is
followed carefully no difficulty should be experienced in constructing the unit. The parts
required for the construction of this unit are
listed below:
T — One Dongan power transformer, type 5509;

Their

Applications

Unit with Recently Announced

Important Announcement
THIS month an important change is made
in the method of treating new apparatus
in these pages. All of the various pieces of apparatus available for description were suited
for use in B power-supply devices. Therefore,
in order to provide a concrete example of an
application for each of these units, it was decided to incorporate them in a B-power unit.
Not only does this unit illustrate a use for the
various pieces of apparatus under discussion,
hut it also provides an ideal design for the
set-builder to follow. The power unit is of upto-the-minute design, it will provide B potentials to any standard receiver and A, B and C
potentials to a ijiA-type power tube, it is
easy to build, and the cost of the parts is
$38.40. In future issues, if the occasion presents itself, this method of presentation will
The Editor
be applied to other types of■ —apparatus.

Li — One Dongan filter choke coil, type 7542;
Q, C2, C3 — Three Frost i-mfd. 200-volt by-pass
condensers, Type 1 104;
Ri,meters;
R2. R3. R4 — Four Frost 2000-ohm potentioRs — One Frost 2000-ohm fixed resistor;
1 Frost Socket.
The various Frost resistors used in this unit
are
the "Universal
Resistance Kit"
whichpart
this ofcompany
manufactures.

X77
New Power Transformers and Filter
Choke Coil
Device: Power Transformers and Filter Chokes.
Various types, are available to meet the requirements of all different types of power units.

Parts

Manufacturer: Dongan Electric Manufacturing Company.
Application: The B-power unit described on
this page illustrates a typical application of these
filter chokes and transformers in the construction of a power unit. Complete circuit diagram
and constructional information on various types
of power units may be obtained by writing the
manufacturer.
New Power Unit Parts
X78
Device: Filter Condensers and Universal
Resistance Kit, Type No. 300. These parts are
for use in construction of power units.
data on universal resistance kit
This kit consists of three 2000-ohm fixed resistors each of the A series, wound on flexible
bakelite strips, one inch wide and five and onehalf inches long; four 2000-ohm heavy-duty
wire-wound potentiometers, and one 1500-ohm
A series fixed resistor. This kit may be used in all
present types of power amplifiers, including those
using 2 10- or 250-type tubes in a push-pull circuit
The total heat dissipation of the kit is 72 watts.
Price: §9.00.
data on filter and by-pass condensers
Individual condensers in capacities ranging
from 0.1 mfd. to 2 mfd. are available. These are
designed to work on potentials up to 2000 volts
d.c. A block condenser is also made containing
four sections, the first section being a 1000-volt
2-mfd. condenser, the second section a 600-volt
2-mfd. condenser, the third section a 400-volt
4-mfd. condenser, and the fourth section a
400-volt i-mfd. condenser. Prices: Block condenser No. 690: J? 1 8.00. Prices of individual condensers vary with size and voltage rating.
Manufacturer: Herbert H. Frost, Inc.
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PICTURE DIAGRAM OF POWER SUPPLY
This picture shows the exact arrangement of apparatus and wiring in the B power-supply unit. The
wires terminating in arrows on the right connect with the wiring harness of the receiver. The approximate
potentials available at the various points follow: wire from Ri, 135 volts; wire from R2, go volts; wire from
R3, 67 volts; wire from Ri, 45 volts, and the lower wire is the B minus connection

Manufacturers*
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Varied List of Books

Subjects Obtainable

Booklets

Pertaining to Radio and Allied

Free With the Accompanying

DEADERS may obtain any of the booklets listed below by us~
' ing the coupon printed on this page. Order by number only1. Filament Control — Problems of filament supply,
voltagevisedregulation,
and effect on various circuits. 1928 reCompany.booklet, with circuit diagrams of popular kits. Radiall
5. Carborundum in Radio — A book giving pertinent
data on the crystal as used for detection, with hook-ups, and
aCarborundum
section givingCompany.
information on the use of resistors. The
12. Distortion and What Causes It— Hook-ups of
resistance-coupled
Bradley Company.amplifiers with standard circuits. Allen15. tionsB-Eliminator
Power using
Amplifier
— Instrucfor Radio
assemblyCompany.
andandoperation
Raytheon
tube.
General
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and
Power
Amplifier
—
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Radio Company.
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automatic
switches, alarms, etc. National Carbon Company.
23. Automatic Relay Connections — A data sheet
showingcuits.howYaxleya Manufacturing
relay may be usedCompany.
to control A and B cir30. staTube
Characteristics
—
A
sheet giving connts of tubes. C. E. ManufacturingdataCompany.
32. Meters for Radio — A catalogue of meters used in
radio, with diagrams. Burton-Rogers Company.
33. Switchboard
and PortableandMeters
A booklet
giving
dimensions, specifications,
shunts— used
with
various meters. Burton-Rogers Company.
37.vice onWhy
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is
Better
with
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Power
—
what dry cell battery to use; their applicationAd-to
radio, with wiring diagrams. National Carbon Company.
46. Audio-Frequency Chokes — A pamphlet showing
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whereCompany.
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used. Samson
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47. Radio-Frequency Chokes — Circuit diagrams illustrating thdefinite
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currents from
points. Samson
Company.
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together Electric
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Company.
53. Tube
Information
theshould
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withSterling
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how
and when onthey
reactivated.
Company.
56. Variable Condensers — A bulletin giving an
analysisistics.
of various
condensers
together with their characterGeneral Radio
Company.
57. Filter Data — Facts about the filtering of direct
currenttransmitters.
supplied byElectric
means ofSpecialty
motor-generator
with
Company.outfits used
58.
How
to
Select
a
Receiver
—
booklet describing what a radio set is, and Awhatcommon-sense
you should
expect from it, in language that anyone can understand.
Day-Fan Electric Company.
Radio —weather
A veryandinteresting
booklet
on 67.
the Weather
relationshipforbetween
radio reception,
with maps and data on forecasting the probable results.
Taylor Instrument Companies.
60.tics of the
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A booklet
characteris-of
variousTubes
tube— types
with giving
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where
they
may
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used
in
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list
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Canadian broadcast stations. Radio Corporation andof
America.
72. Plate Supply Systems. i Technical information on
audio and power systems. Bulletins dealing with two-stage
transformer amplifier systems, two-stage push-pull, threestage push-pull, parallel push-pull, and other audio amplifier, plate,
filament supply systems. American TransformerandCompany.
73. Radio Simplified — A. non-technical booklet giving
pertinent data on various radio subjects. Of especial interest to the beginner and set owner. Crosley Radio Corporation.
76.
Radioin radio
Instruments
— A description
of various
meters used
and electrical
circuits together
with a
short discussion
of
their
uses.
Jewell
Electrical
Instrument Company.
Troubles
— A pamphlet
describingwork
the
use78.of Electrical
electrical testing
instruments
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combined with a description of the cadmium test for storage batteries.
interest to the owner of storage batteries.
Burton
RogersOf Company.
81 . Better
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— A ofbooklet
muchwithgeneral
information on the subject
radio giving
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specific
illustrations.
Primarily
for
the
non-technical
home
constructor. Bremer-Tully Manufacturing Company.
84. Five-Tube Equamatic— Panel layout, circuit diagrams, and instructions for building a five-tube receiver, together with data on the operation of tuned radio-frequency
transformers of special design. Karas Electric Company.
88. Super-Heterodyne Construction — A booklet giving full instructions, together with a blue print and necessary
data,
building an eight-tube receiver. The George W.
Walkerfor Company.

Coupon

89. Short-Wave Transmitting Equipment. Data and
wiring diagrams on construction of all popular short-wave
transmitters, operating instructions, keying, antennas; information and wiring diagrams on receiving apparatus; data
on
of apparatus
used in high-frequency work.
Radiovariety
Engineering
Laboratories.
90. Impedance Amplification — The theory and practice of a special
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Company.
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Laboratory Information Sheets
(Nos. 1-190)
in
BOUND VOLUMES
Ask any news dealer for "Radio Broadcast Data
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— Successive
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in various
parts ofbulletins
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circuit.
International Resistance Company.
Shieldingin —radio
A booklet
giving
on 98.
the Copper
use of shielding
receivers,
withinformation
notes and
diagrams showing how it may be applied practically. Of
special interest to the home constructor. The Copper and
Brass Research Association.
99. Radio
ConvenienceforOutlets
givingin
diagrams
and specifications
installing— Aloudfolder
speakers
various locations at some distance from the receiving set,
also antenna, ground and battery connections. Yaxley
Manufacturing Company.
101. Using Chokes— A folder with circuit diagrams of
the more popular circuits showing where choke coils may
be placed to produce better results. Samson Electric
Company.
102. Radio Power Bulletins — Circuit diagrams,
theory constants, and trouble-shooting hints for units employing facturing
the BH Company.
or B rectifier tubes. Raytheon Manu104. diagrams,
Oscillationdetails
Control
with the "Phasatrol"
Circuit
for connection
in circuit, and— ■
specific
operating
suggestions
for
using
the
asIncorporated.
a balancing device to control oscillation."Phasatrol"
Electrad,
105. Receiving and Transmitting Circuits. Construction booklet with data on 25 receivers and transmitters
togethercuits.with
discussion Company.
of low losses in receiver tuning cirAero Products
108.
Vacuum
Tubes
characteristics
of an
a.c. tube with curves and— Operating
circuit diagram
for connection
in converting various receivers to a.c. operation with a
four-prong a.c. tube. Arcturus Radio Company.
1 12. Heavy-Duty Resistors — Circuit calculations and
data on receiving and transmitting resistances for a variety
In sending the coupon below, make sure that your name
and address are included and are plainly written. Also
make sure that the listing of booklets from which you
choose is that of the latest issue of the magazine, as Radio
Broadcast cannotlisted
guarantee
the delivery
in its current
issue. of booklets not
USE THIS BOOKLET COUPON
j Radio Broadcast Service Department
J Radio Broadcast, Garden City, N. Y.
I Please send me (at no expense) the following book| lets indicated by numbers in the published list above:
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I
(Number) (Street)
i Address
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(State)
ORDER BY NUMBER ONLY
I This coupon must accompany every request. R B 1 1-28
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of uses, sistdiagrams
popularuse.power
circuits,Electric
d.c. reors for battery forcharging
Wardsupply
Leonard
Company.
1 13. Cone
Loud Speakers and
— Technical
practicaltype
information on electro-dynamic
permanentand magnet
cone loud speakers. The Magnavox Company.
114. Tube
Adapters
— Concise various
information
simplified
methods
of including
powerconcerning
tubes in
existing receivers. Alden Manufacturing Company.
115.
What
Set
Shall
I
Build?
—
Descriptive
with illustrations, of fourteen popular receivers for thematter,
home
constructor. Herbert H. Frost, Incorporated.
118.
Radioon the
Instruments.
Circular
"J" — A for
descriptive manual
use of measuring
instruments
every
radio circuit requirement. A complete listing of models for
transmitters, receivers, set servicing, and power unit control. Weston Electrical Instrument Corporation.
120. The Research Worker — A monthly bulletin of
interest to the engineer and home builder. Each issue contains special articles on radio design and construction with
special emphasis on resistors and condensers. Aerovox
Wireless Corporation.
121 . Filterand Condensers
Some practical
points on the
manufacture
use of filter —condensers.
The difference
between inductive and non-inductive condensers. Polymet
Mfg. Corp.
123.tics, andB list
Supply
Devices
— Circuit diagrams,
characterisof parts
for nationally
known power
supply
units. Electrad, Inc.
124.
Power
Amplifier
and
B
Supply
—
A
booklet
giving several circuit arrangements and constructional
information and a combined B supply and push-pull audio
amplifier, the latter using 210 type tubes. Thordarson
Electric Mfg. Co.
125. describing
A. C. Tube
Operation
— A small
complete
booklet
a method
of filament
supply but
for a.c.
tubes.
Thordarson Electric Mfg. Co.
1 26. M icrometric Resistance — How to use resistances
for: Sensitivity control; oscillation control; volume control;
regeneration control; tone control; detector plate voltage
control; resistance and impedance coupling: loud speaker
control, etc, Clarostat Mfg. Co.
129. Tone
— Some
hook-ups, and
with chokes.
an explanation ofthe
propermodel
use audio
of transformers
Sangamo Electric Co.
130. Screen-Grid Audio Amplification — Diagrams
and constructional details for remodeling old audio amplifiers for operation with screen-grid tubes. Thordarson
Electric Mfg. Co.
131. TheMershon Condenser — An illustrated booklet giving the theory and uses of the electrolytic condenser.
Amrad Corporation.
132. The National Screen-Grid Short-Wave Receiver— Constructional and operating data, with diagrams
and photographs. James Millen.
133.gram The
National Shield-Grid
— A on
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with constructional
and operatingFivenotes
this diareceiver.
James Millen.
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Remler
Service
Bulletins
—
A
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for
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Data
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—
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data
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Silver-Marshall products. Silver-Marshall, Inc.
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Unit Design
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power units, with informative tables and circuit diagrams.
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— Illustrated
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circuit diagrams. Thordarson Electric Mfg. Co.
142. Use of Volume and Voltage Controls. A complete booklet with data on useful apparatus and circuits for
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phonograph pick-up circuits. Central Radio Laboratories.
143. Radio Theory. Simplified explanation of radio
phenomena
especial
tube,
with
data on with
various
tubes.reference
De Forestto the
Radiovacuum
Company.
144. A.C. Detector Tube. Data on characteristics and
operation
Company. of 2.5-volt a.c. detector tubes. Arcturus Radio
145. Audio Units. Circuits and data on transformers
and impedances for use in audio-amplifier circuits, plate and
output impedances and special apparatus for use with dynamic speakers. Sangamo Electric Company.
146. Receiver
Data.units
Circuits
for using re-of
sistances inreceivers,Circuit
and in power
with descriptions
other apparatus. H. H. Frost, Inc.
147. Super-Heterodyne Construction. Construction
and operation of a nine-tube screen-grid super-heterodyne.
Set Builders' Supply Company.
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and operation dataShort-Wave
on a four-tubeReceiver.
short-waveConstructional
receiver. Karas
Electric Company.
149. Five-Tube Screen-Grid Receiver. Blueprint
with full constructional details for building a broadcast repany. ceiver using two screen-grid tubes. Karas Electric Com150. Five-Tube A.C. Receiver. Blueprint for conructing five-tube
a
a.c. receiver
employing the "equamatic
system." stKaras
Electric
Company.
151. The Secret of the Super. Constructional and
operation
dataCorporation.
on the Lincoln 8-80 One-Spot Super. Lincoln Radio
152. Power Supply Essentials. Circuits and data on
power-supply
devices, and descriptions
Polyme Manufacturing
Company. of power apparatus.
1
53.
What
the
Eveready
Curve Means
Radio Reception. An analysis Fidelity
of the frequency
range toof
musical instruments and the human voice which shows how
these tones are reproduced by a receiver with an audio
range of 60 to 5000 cycles. National Carbon Company.
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I^apBtyDhidend
from

A
(Home

Thordarson

Constructed)
Into a Real

Power

tlu* Investment
mToneQuaKfy

Amplifier

Will Transform Your
M.usical Instrument

CT ^lITH the insistent demand for
yy quality reproduction, power am'
plmcation has become a vital radio ne*
cessity. Today, it is hard to find a radio
set manufacturer who does not employ
one or more power tubes in the output
stage of his receiver.
There is no need, however, for you
to discard your present radio instru'
ment in spite of the fact that it is out'
classed by newer models with power
amplification. You can build aThordar'
son Power Amplifier which, attached
to your receiver, will provide a fullness
and richness of reproduction that will
equal or surpass the finest offerings of
the present season.
Thordarson Power Amplifiers are ex'
ceedingly easy to assemble, even for the
man with no previous radio experience.
Only the simplest tools are used. Spe'
cific instructions with clear-cut photc
graphs, layouts and diagrams insure
success in home construction.
Whether your present receiver is factory made or custom built one of these
amplifiers may be attached with equal
ease. In fact, most Thordarson Amplifiers require absolutely no changes in

the wiring of the receiver itself, attach'
ment being made by means of a special
plug which fits the last audio socket of
the receiver.
Thordarson Power Amplifiers for
the home constructor and professional
set builder range from the simple plate
supply unit up to the heavy-duty three
stage units employing the 250 type
power tube in push-pull arrangement.
These power amplifiers cover the requirements for every purpose and
every pocket-book. They may be used
with any type of horn, cone or dynamic
speaker.
With a background of over thirtythree years manufacturing quality
transformers, it is only natural that so
many manufacturers of receiving sets
of undisputed superiority have turned
to Thordarson as the logical source of
their audio and power supply transformers. The discriminating home constructor will do well to follow the lead
of these manufacturers when buying
his power amplifier.
Write to the factory today, enclosing
2?c for the new "Power Amplifier
Manual" — just off the press.
MAIL

1H0RDARS0N
TRANSFOR-MERS
SUPREME

IN MUSICAL

Radio

PERFORMANCE

THIS

No Amateur or
Professional Set Builder
Should Be Without
This
Book —AMPLIFIER
"POWER
A simple, yet complete,
treatise on the subject of
audio MANUAL"
and power amplification, including
full serinonbuilding,
vicing,foandrmationtesting
power
amplifiers in general. Also
contains detailed specific
construction data on
twelve individual power
units, with clear-cut layouts and diagrams of each.
25c
Send 25c in Cash or Stamps
for This New Book —
Just Off the Press!
COUPON
TO;

THORDARSON ELECTRIC MANUFACTURING CO.
500 West Huron Street, Chicago, Illinois
Gentlemen
PleaseI amsendenclosing
me your25c.new□ "Power Amplifier
Manual"
for :which
Please
send
me
free
of
charge
amplifier I have checked below: your instruction sheet on the
171 Single □. 171 Push-Pull □. 210 Single 210 PushPull (1 Stage) □. 210 Push-Pull (2 Stage) □. 250 Single (1
Stage)
□. 250 Single
(2 Stage)
210 Phonograph
Amplifier
□. □. 250 Push-Pull (3 Stage) □.
_J //
Name
Street and No
.Town
State
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THE aim of the Radio Broadcast Laboratory Information Sheets is to present in a
convenient form, concise and accurate information in the field of radio and closely
allied sciences. It is not the purpose of the Sheets to include only new information, but to
present practical data, whether new or old, that may be of value to the experimenter, set
builder or service man. In order to make the Sheets easier to refer to, they are arranged so
that they may be cut from the magazine and preserved, either in a blank book or on 4"
x 6" filing cards. The cards should be arranged in numerical order.
Since they began, in June, 1926, the popularity of the Information Sheets has increased
so greatly that it has been decided to reprint the first one hundred and ninety of them
(June, 1926-May, 1928) in a single substantially bound volume. This volume, "Radio
Broadcast's Data Sheets" may now be bought on the, newsstands, or from the Circulation
Department, Doubleday, Doran & Company, Inc., Garden City, New York, for $1.00.
Inside each volume is a credit coupon which is worth $1.00 toward the subscription price
of this magazine. In other words, a year's subscription to Radio Broadcast, accompanied
by this $1.00 credit coupon, gives you Radio Broadcast for one year for $3.00, instead of
— The Editor.
the usual subscription price of $4.00.
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Supplying Power Devices from 220 volts A.C.
USE OF STEP-DOWN TRANSFORMERS
T ETTERS are received frequently from readers
asked,is 220
"I
live inin which
a districtthein following
which the question
only a.c. issupply
volts. How can I adapt a 110- volt B-power unit for
operation
on atwo
220-volt
line? by" which this may be
There are
methods
accomplished. First, a resistance of such a value as
to produce a drop of 110 volts and leave remaining
110 volts for the power unit may be connected in
series with the 220-volt line. This method is not
very satisfactory,
for the
value of resistance which must behowever,
used varies
considerably
with
different power units and with the load on the output of the power unit. Also,
unless one has available instruments for measuring the
a.c. voltages there is no
simple means of determiningancewhat
must bevalue
used ofin resistorder
to reduce the line potential
to 110 volts. If one has
available an a.c voltmeter
this method can, of course,
be used quite (readily. The
variable resistance is conMelodies

nected in series with one side of the line, the voltmeter is connected directly across the input terminals to the power unit, and the resistance then
adjusted until the voltmeter reads 110 volts.
The second method of adapting 110- volt B-power
units for operation on a 220-volt line is somewhat
more expensive, however, it is much simpler and
does not require that any voltage measurements
be made. This system of reducing a line potential
to 110 volts
calls the
for placing
a separate
power
former between
power unit
and the
line.transThe
ding.
transformer
should
have
a
step-down
ratio
to 1 so that with 220 volts across its primary 1f 102
volts will be developed in the secondary winThe secondary is connected
directly across the terminals
of the B-power
unit as The
indicated inthe diagram.
same transformer may be
usedlong
withasanythe B-power
unit
so
input power
to the B-power unit does
not exceed the power rating of theformer.step-down
transSuch transformers
are
now made by several
manufacturers.
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Resistance-Coupled Amplifiers
RADIO

^ TUBES

As the Yule-logs crackle and music fills
the air, enjoy the Christmas melodies
to their utmost by having new Cunningham Radio Tubes in every socket
of your radio.
These "ambassadors of joy" make delightful Christmas gifts.
E. T. CUNNINGHAM, Inc.
New York Chicago San Francisco
Manufactured and sold under rights, patents
and inventions owned and/or controlled by
Radio Corporation of America

PREVENTING DISTORTION
AT distortion
VARIOUS have
timesbeen
lettersreceived
asking from
how toreaders,
reduce
who have constructed resistance-coupled amplifiers.
The correspondent
usually explains
that unless
the amplifier produces considerable
distortion
the
volume
is kept down
very low.
sheet the
we
have endeavored
to indicate
what Inwe this
consider
causes of the distortion.
As properly
proof that
a resistance-coupled
when
constructed
and operated, isamplifier,
capable
of giving excellent results, we might refer to the
use of such an amplifier in the demonstration of
television by the Bell Telephone Laboratories. In
this work an amplifier of this type was used to
amplify
the output
photo-electric
cell andbe
it was essential
that ofthetheaudio
response curve
practically flat over a very wide frequency band.
Distortion in an amplifier of television signals
would be much more serious than similar distortion
in the amplification of music, the eye being a
much
ear. more critical judge of quality than the
What, then, is the probable cause of the distortion
which many notice when using such an amplifier?
The answer is, first overloading of the amplifier, and
secondly, common coupling in the plate-voltage

supply, be it batteries or a power unit, although, of
course,
such case.
coupling generally will be more serious
in the latter
Iffieranyare overloaded
of the tubesso inthata resistance-coupled
the grid of one oramplimore
tubes goes positive, some grid current will flow and
produceslight,
so-called
"blocking."
very
the blocking
may Ifnotthebe overloading
noticeable asis
such, but the amplifier will distort. The important
point is that the blocking does not affect only the
signalfect thewhich
causedsignals
the blocking
will also
affollowing
until the but
blocking
current
leaks off through the high-resistance grid leak. If
the signalssome
wereoverloading
fed into amight
transformer-coupied
amplifier
occur but the
tubes would not block because the transformer
windings are of low resistance in comparison with
the
resistance
of the grid leaks used in a resistance coupled
amplifier.
The
resistance-coupled
amplifier
is, therefore,
much more critical with regard
to overloading,
than
a transformer-coupled
amplifier,
and
the operation of the former type of amplifierin the
signal
input must be
kept down to a level at which no
overloading
occurs.
Laboratory Sheet No. 243 discusses a second
cause of distortion in resistance-coupled amplifiers,
i.e., common coupling in the plate-supply circuits.
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COMPLETE

FROST VOLUME
CONTROL
Gives
complete,
steplesscontrol
and
wonderfully smooth
of volume and oscillation.
Wearproof roller contact
arm, Bakelite case and dust
cover. $2.00 and $2.25.

LINE

FROST VOLUME
CONTROL WITH
D. C. SWITCH
Equipped
sturdy
German silverwith
switch
mounted
on Bakelite panel, and with
switch points fitted with
sterling silver contacts, this
Volume Control gives quick
operation,
positive-locking
off
position and
saves space.
Tor
$2.35.battery operated sets.

OF
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FROST ALL-BAKELITE CABLE PLUG
Terminals cannot work loose even when overheated. Color code moulded into Bakelite. Best
quality cable.
cable, Plug
with andcolored
insulation
on wires.
Has 5 ft.socket,
seven-strand
evered
cord rubber
only, $2.25.
Baseboard
or sub-panel
73c. braid cov-

FROST APPROVED
A. C. SWITCH
Single hole mount 110 volt
A.C. Snap Switch. Tested
to 2 50 volts, 3 amps. Underwriters' approved. 75c.
FROST VOLUME
CONTROL WITH
A. C. SWITCH
We equip
famous
Volume Controlourwith
approved
A.C. Snap Switch tested to
carry 2 50 volts at 3 amperes,
so thatume control
both may
switchbe and
volbandied
by single knob. $2.75 and
$3.00.

BROADCAST

FROST IENCE
CONVENOUTLETS
Fit
std.
outlet
box
Brush
brass or Bakelite plates.
$1.00 to $3.25.

FROST GEM
RHEOSTATS
Made is tonotdeliver
service
that
usually aexpected
from little
rheostats
like
these.
Mighty
good
little
rheostats, taking up little
space orandwithsupplied
either
plain
D.C. switch.
Easy
to solder
Plain,
75c. With
switch,to.$1.00.

FROST HUM
BALANCER
Simply
turn screw
the slotted
shaft with
driverheadto
regulate.
Smoothes
the
ripple out built.
of A.C.$1.00.
current.
Precision

FROST-RADIO]
FROST MOULDED
MICA CONDENSERS
Cannot be climate
affected byMoulded
moisBakeliteture or with
finest mica
dielectric. Easy to attach.
4 5c to 9 0c.

PARTS

FROST FIXED
RESISTANCES
Die cut flexible Bakelite
strip holds windings firmly
in
Terminals.4 areto
stakedplace.
into Bakelite.
1000 ohms. Also as center
tapped 15c
resistances,
ohms.
to 5 0c. 6 to 64

FROST BY-PASS
CONDENSERS
Made from finest materials,
thoroughly seasoned, vacuum
impregnated
and hermeticAccurate
capacitiesallyandsealed.
conservative
voltage
ratings. 1 to 2 mfs. 80c to
$2.00.
FROST HEAVY DUTY FILTER
FROST BLOCKING CONDENSERS
CONDENSERS
Every particle of material used is of tested
quality. Entire
enclosed
in herWe use only finest quality linen paper and
meticallypregnation.
sealedcondenser
cases
after
vacuum
imhighest
gradeConservative
foils in building
Filter
Gold bronze lacquer finish ;
Condensers.
ratings.theseDesigned
tinned terminals. $18.00.
tofromgivetrouble.
longest.5 service
with
entire
freedom
to 2 mfds. $1.40 to $7.00.

FROST
BAKELITE
RHEOSTATS
Long the standard
Bakelite
Rheostat,airascooled
well
asResistance
the original
wire ofis this
woundtype.on
die
cut Bakelite
stripframe.
over
moulded
Bakelite
Wide
choice
of
resistances.
$1.00 and $2.50.

FROST BAKELITE
RHEOSTATS WITH
D. C. SWITCH
Cleverly mounted German
silver D.C. battery switch
is firmly attached to Bakelitestat,panelaffording
on back
quick ofonrheoand
off control
filament
rent. 2to 75of ohms.
$1.35.cur-

FROST GEM VOLUME
CONTROL
Identical with our standard
sizi Volume Control units
except in size. Gem units
are only 1% in. in diameter,
and % in. thick. Great
space savers. $2.25 and
$2.50.
Coupon Brings Complete Frost Catalog
It costs but little — and contains a vast amount of valuable information about rheostats, volume controls, switches,to-day
jacks,forplugs,
condensers, circuits, etc. It's a book every fan should have. Fill out and
mail coupon
your copy.

HERBERT
H.
FROST,
INC.
Main Office and Factory: ELKHART, IND.
New York City
CHICAGO
San Francisco

HERBERT H. FROST, Inc.
160 No. La Salle Street, Chicago
Send tionmeand facts
your about
new Frost
Data Book,
radio informayour complete
line containing
of parts. Ivaluable
enclose 10c.
My name . . . .
Street Address
City
State
(Are you a professional set builder?
)
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Resistance-Coupled Amplifiers
EFFECT OF COMMON COUPLING
T ABORATORY Information Sheet No. 242 gave
-L' some data on distortion in resistance-coupled amplifiers due to overloading. A second cause of distortion (which applies to this type of amplifier as well as
to any other type of amplifier) is that due to common
coupling between the plate circuits of the various
tubes. This form of coupling is generally due to the
resistance or reactance of the plate-supply device.
In tiona of the
resistance-coupled
amplifier
the phase
input voltage and
the output
voltagerela-is
practically 180 degrees, and, therefore, if any
signal voltage from the plate circuit is returned to
the
any way, this
feed-back
will grid
be incircuit
exactin opposition
to the
originalvoltage
input
voltage and will tend to decrease the amplification.
In a multi-stage amplifier the various feed backs
from the different circuits combine; in some instances they may neutralize each other but moire
frequently
or antiregeneration, they
eitherproduce
of which regeneration
distorts the frequency
characteristic of the amplifier so that good quality
is not obtained.

toned

life longest
tube
on the
market

To prevent common coupling in the plate-supply
unit it is essential that the grid and plate circuits
of each of the amplifier tubes be filtered so that
none of the signal currents have to pass through
the plate supply unit. In this way common coupling
and its effects are prevented.
Laboratory Information Sheet No. 193 illustrated acircuit for preventing resistance-coupled
amplifiers from motorboating. The circuit presented
afforded a means of thoroughly filtering the plate
circuit to the detector tube and it was found by
experiments in the Laboratory that such a circuit
will almost invariably prevent an amplifier from
motorboating. This circuit can also be used advantageously with transformer-coupled amplifiers,
it frequently
foundbe that
oscillations
plifiers ofthis being
type can
prevented
easily in
by amthis
means.
In a later Laboratory Information Sheet we will
illustrate
resistance-coupled
amplifier
with leads.
filter
circuits ina each
of the various plate
and grid
This sheet will explain what determines the values
offilters.
resistance and capacity generally used in such
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Alternating-Current Ratings
EFFECTIVE vs. peak voltages
AT used
THEin present
time theresets,
are such
severalas devices
radio receiving
power
transformers, filament transformers, filter condensers, etc., which are rated in terms of a.c. voltages.
References are made frequently to the peak value
of
the effective
valuean ofalternating-current
such a voltage, andvoltage,
to the tor.m.s.
value of
the voltage. The significance of these various
terms is explained in this sheet.
The first and most important point nating-current
is thatapparatus
alteralmost invariably
is rated
in terms of effective voltage,
and effective voltage has
exactlyr.m.s.
the same
meaning'as
the
voltage
so that
these two terms may be
used interchangeably. If the
secondary
of a power
former israted
at 350 transvolts
it means that the effective
value of the voltage is
350. Power lines in homes

245
... and

it ought
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to

be-here'§
why
THE finest materials skillfully
employed by able craftsmen
and the foremost laboratory experts give CeCo marked advantages over other tubes.
They have not only a purer,
clearer, more pleasing tone, but a
longer, more serviceable life.
Try them! Sold everywhere.
CeCo Mfg Co., Inc. Providence, R. I.

Tubes

generally have an effective value of voltage of
about 110 volts. The filaments or heaters of alternating-cur ent tubes are rated in terms of effective
voltage.
The letters r.m.s. are an abbreviation for rootmean-square, this value of an alternating voltage
being such that it gives exactly the same heating
effect as a direct current of the same potential.
It is for this reason that the r.m.s. value of an
alternating voltage is termed the effective value.
The peak value of anmaximum
alternatingvalue
voltage
is the
to which
the voltage rises during
Peak Voltage
any
of thevoltages
cycle. with
The
shapepart
of a.c.
which one ordinarily deals
are such that the potential
isan proportional
a for
sinethisof
anglethat
and weittoisfrequently
reason
If the voltage
has
hear
term then
"sinewave
such the
a form
thewave."
peak
value is equal to 1.4. times
the effective or r.m.s.
value.
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Power Output
HOW MUCH IS REQUIRED
TN
THE than
last audio
one's receiver there
are
* more
half a stage
dozenof arrangements
that can
be used. We might use a single 171a or two of these
tubes in push-pull, but perhaps some prefer a
single 210, a single 250 or either of these tubes in
push-pull. From these and other combinations one
can obtain equally good quality provided the tubes
are not overloaded. The question one naturally asks
is what tube or combinations of tubes he should use?
How much power output does one need for ordinary
home
reproduction?
Theseinformation,
are questions
about
which we
all want definite
but which
unfortunately cannot be answered very simply.
How much power is available from any one tube
or combination of tubes can be determined by refer ing to the table published on Laboratory Sheet
No. 246. Although opinions differ as to how much
power is required for ordinary home reproduction,
George former
Crom,
of the
TransCompany,Engineer
in a recent
paperAmercian
read before
the
Radio Club of America, states that for a sound level
slightly above normal, using a good loud speaker,
from 1 to 1.5 watts input power is required. By
referring to the table on Laboratory Sheet No. 246 it
would appear, therefore, that to obtain a power output of about 1.5 watts we must use either a single

210-type tube, a 250-type tube operated at low
voltage or lower power tubes, such as the 171a
operated in push-pull or parallel.
The phrase "normal output" referred to in the
preceding
paragraph
is obviously
a especially
rather ambiguoustiveone,
and,
sincein the
ear isit not
to variation
power,
is probable
thatsensian
increase or decrease of 3 TU would not affect
seriously the loudness as heard by the ear. 3 TU
corresponds to a power ratio of approximately 2.
In other words, variations from 1 to 2 watts in the
power duceavailable
the output
circuit would not provery great inchanges
in volume.
The table given on Laboratory Sheet No. 246
will also be helpful in determining the power output of any power amplifier that one may have or
may contemplate purchasing. For example, if the
power amplifier uses two 17lA-type tubes in pushpull, then the power output will be about three
times that of a single tube or 2100 milliwatts.
Large power amplifiers are used frequently to supply
several loud speakers in an auditorium, hotel, etc.
of the number of
determination
An approximate
loud
speakers which
such an amplifier can supply
each loud
may be obtained by remembering1.0 that
then
watt,be and
requires
speaker
the number
of loudapproximately
speakers which can
supplied
may be determined easily.
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AT

A

POPULAR.

PRICE

VELVET
. SILENT
. HUM
. FREE
. OUTPUT
FOOL . PROOF . SAFETY . VOLTAGE . ADJUSTMENTS
USING . THE . SAME . RECTIFIER
HIGHEST . PRICED . A. C. SETS
RUNS
FULL

. SETS . UP . TO . SIX . TUBES . AND
. 180 . VOLTS . FOR . 171 . POWER

SEND

National

Co.

. TUBE . AS . THE
. THE . UX . 280

Inc.

FOR

BULLETIN

srriss;^

NO.

. GIVES
. TUBE

132 R. B.

Malden,

Massachusetts
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Power Output Characteristics of Vacuum
A USEFUL TABLE
T^HE table below gives the power output of the
various types of power tubes used in radio
receiving sets. The table has been arranged in order
of power output, starting with the 120-type tube
with a power output of 110 milliwatts and ending
with the 250-type tube with a power output of

BE?

Tubes

4650 milliwatts. If two tubes are used in a pushpull amplifier,
power outputto ofthree
the times
combination wil be then
equaltheapproximately
the
power
output
of
a
single
tube.
Two
more
tubes used in parallel wili have a power output equalor
to
power ofoutput
of a single tube multiplied by
the thenumber
tubes used.

Plate
Voltage

Tube
120
135
135
112a
171a
90
112a
210
171a
210
135
157
210
300
180
171a
*1000 milliwatts

December, 1928

Negative
Power
Voltage
Output
Milliwatts*
Grid
22.5
9
120
110
130
16.5
10.5
195
27
330
18
340
22.5
600
40.5
700
is equal to 1 watt of energy.

Tube

V Plate
oltage

250
210
210
250
210
250
250

250
425
400
300
350
400
450
350

45
Voltage
Negative
Grid

Milliwatts
Power
Output

63
27
31.5
35
70
54

900
925
1325
1500
2350
1540
4650
3250

84
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List Price
Frequency Characteristics of Television Amplifier
$7.50
Ray

the

Developed by the Bell Telephone Laboratories

on\

The name Raytheon on any
type of tube assures a servicelife so long that it is often
equivalent to the lives of two
or three ordinary tubes.
The principles of sturdiness
and strength developed in the
production of Raytheon soundreception tubes have been applied to the manufacture of
Raytheon television tubes.
The Raytheon Kino-Lamp is
the long-life television receiving tube — adapted to all systems, and made in numerous
types.

R»LL
AtlZE
ECU 0
j.'C
REC M
N
f
V
F*
TRi
OvE l_L

TRANSMIT
RCCE'VEF
OVERALL
PER
CYCLES
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Television
AMPLIFIER CHARACTERISTICS

The long-life television sending tube,
in either hard-vacuum or gas-filled
types, and in two sizes of each.
Information and Prices
upon application
Correspondence
interested isin invited
televisionfrom all

MFG- CO
RAYTHEON
CAMBRIDGE • MASS*

ON LABORATORY
247 from
are published a group of Sheet
curves No.taken
the
October, 1927 Bell System Technical Journal
where
the
apparatus
used
in
connection
with
the
demonstration of television made by the Bell
Telephone Laboratories was described. In this
demonstration a complete radio system was used.
The television transmitter was located at the transmitting station and the output of the television
transmitter, after being amplified, was sent over
the air, the frequency of the radio transmitter being
1450 kilocycles. A superheterodyne receiver was
used at the receiving end, and the television signals,
after sary
being
detected,
were sent
the necesamplifiers
and finally
madethrough
to modulate
the
neon tube used in the television receiver. In order
to insure that the reproduction of the picture might
not suffer
ments weredistortion
made on allcareful
of thefrequency
apparatus measureand the
results of these tests were plotted and are reprinted
on Laboratory Sheet No. 247. The dash curve gives
the characteristic of the radio transmitter and it is

evident from the curve that the frequency characteristic of this system is excellent. There was
loss down
4practically
TU loss atno20,000
cycles.to 10 cycles and only a
The receiver characteristic is indicated by the
dotted curve. At 10 cycles there was a loss of about
1.5 TU. At 10,000 cycles there was a loss of about
4 TU and at 20,000 cycles a loss of 10 TU. The
"overall normal" curve indicated as a solid line
shows about 1.5 TU loss at 10 cycles and a loss of
about 13.5 TU at 20,000 cycles. This characteristic
was unsatisfactory
had the
determined previously since
that itthe
was engineers
desirable that
frequency
characteristic
be
constant
within
about
2 TU. up to 20,000 cycles.
The necessary improvement in the characteristic
was obtained by the use of equalizers and the final
curve
of the equalized systemcurve
is indicated by
"over^
all
1.5
TU equalized."
at 10 cyclesThisandoverall
there is 0 TUis down
loss about
at 20,000
cyles.
Between
two although
limits there
variations
in thethesecurve
noneareof slight
these
variations are as large as 1 TU.
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Microphone Mixing Panel
TYPE 3-B

ON

DIVIDENDS
An indicating instrument is an essential part of the equipment of every
good radio receiver installation, since
it aids in maintaining efficient operation, secures the best reception and
fully protects the financial investment.
To advanced radio enthusiasts and
those having professional connections
with the industry, the selection of instruments ihighly
s
important. Unfailing reliability is the first consideration
since accuracy of measurement is a
fundamental requisite of success in
both research work and commercial
activities, and pays the biggest dividends on the investment — whether of
time or money.
Illustrated herewith are the Weston
Portable A. C and D. C. instruments
which are extremely popular for generalsonal
radio instruments.
service and make ideal perThree Range
Instruments
for A. C.
ind D. C.
Operated
Sets
The fine workmanship, excellent characteristics and dependable performance of these models — No. 528 A. C
and No. 489 D. C. — merit an unques
tioned preference over all other makes.
Moderate in price, too. Enclosed in
beautifully
bakeiite red
casesand
—
black for D.finished
C. and mottled
black for A. C. instruments. 750/ 250/
10 volts (1000 ohms per volt resistance) for D. C. service, and 150/8/4
volts for A. C. testing.

For Broadcasting, Electrical
Recording, and
Power Speaker Systems
H^HE
3-B Mixing
is designed toof accom-L modate
almost Panel
any combination
pickup
circuits up to a total of six. Any three of these
may be pound
made
pass through
Mixing toControls
at the the
samethree
time,Comand
instantaneous
switching
is
available
for
the remaining circuits.
Theser transmitters,
incoming circuits
consist oftelephone
condencarbon may
microphones,
lines or low impedance phonograph pickup devices, inpractically any combination. When a
single input countcircuit
of extremely
low may
level beis enered, the positions
not in use
cut
entirely out of the system, thus causing no loss
whatever to the weak incoming signal.
The panel is 5/16 black sanded Bakeiite, 19
in. wide
12v isin.shown
high. inDetailed
tion andand
circuit
bulletininformaNo. 7,
which we will be glad to mail to you. The net
price in the U. S. A. and Canada is §275.00,
F. O. B. Chicago.
J. E. JENKINS & S. E. ADAIR, Engineers
1500 N. Dearborn Parkway,
Chicago, U. S. A.
Send for our bulletins on Broadcasting
Equipment
Before Buying any
"A" Eliminator
Get my authorized Discount Card
and complete description of the
finest "A" Power Kit ever offered.
DAVID W. KNAPP, Pres.
DivisionKnapp
ofF. R.Electris,
Mallory &Inc.
Co., Inc.
Room 414, 350 Madison Ave. N. Y. C.

^ush-pull

Transformers

with impedances

to match

power

dynamic

Type

tubes and

speakers
"BX"
Input Transformer has extremely
high

primary

inductance. Secondary accurately divided.

Price, each

$6.50

Type
"GX-210"Especially
Output
Transformer.
designed for push-pull amplifier using UX-210
or CX310 tubes.
Secondary
connects directly to moving
coil of dynamic speaker.
Price, each

These same models, identical in si'e
and appearance
to the
above cases,
and enclosed in the same
bakeiite
are
also furnished as D. C. double-range
Voltmeters — (with either 1000 or 125
ohms per volt resistance) and as single
and double-range Ammeters. For A.C
testing they are supplied as singlerange Ammeters and Milliammeters
and double-range Voltmeters.
All instruments of the JYeslon Radio Line
are completely described in Circular J —
just off the press. Write for your copy.
Weston Electrical Instrument
Corporation
604 Frelinghuysen Ave.,
Newark, N. J.
WESTON
RADIO
INSTRUMENTS

The newest radio wrinkles— A-C, grid tube,
short wave, television, dynamic speakers,
newest tubes and circuits — anything and
everything in radio — are now ready for
you atball,Barawik's.
With elections,
National broadcasting,
Roxy footand
other bigsands doings
filling
the
air,
thouof newcomers will take to
radio this year as never before. Busiwill be good
Set clean
buildersup will
make nessmoney.
You — can
big
by Buying
from
Barawik
—
the
oldest, biggest, most reliable radio
bouse in the world. Let us prove it.
Send now for the Big Book — all
ready for you — free. Get the latest
radio information and lowest prices.
BARAWBK CO.
canal sta.,
Chicago, u.s.a.
This Big Book Sent
to You Free

$6.50

Type "HX-171"Same
Output
Transformer.
as
above except impedance
matches UX-171, CX-371,
or UX-250, CX-350 tubes.
Price, each

$6.50

Free circular giving audio hookup and complete information
on request

SANGAMO
ELECTRIC
COMPANY

Springfield

Illinois
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Letters from Readers
Custom -Bilt

Shielded Grid

As a Few Readers See It
C"VERY editor is delighted when he receives
' unsolicited praise from readers of his publication, and we are not exceptions to this rule.
However, some forms of appreciation have a
much deeper meaning than others. For example,
a compliment, which is often found in a letter
making a request, often is included to make the
communication as courteous as possible. On the
other hand, a letter which is written solely for
the purpose of expressing an opinion on an article
or the publication in general, is considered mud
more sincere.
This
month'sthat
mailhave
has contained
a great
ber of letters
made us feel
warmnum-all
over. This correspondence shows us that many
of our readers are not only in sympathy with our
editorial policy, but are enthusiastic about it.
These are facts we like to know, but we are interested i.aually as much when a letter can offer
censtruc:ve criticism, or suggest a means of improving the magazine.
The following is a letter from a set builder in
Nova Scotia, Canada, who has just finished
reading his first copy of Radio Broadcast:
To the Editor:
I am a set builder and greatly interested in
everything pertaining to radio. I read most of
the radio magazines that come down this way,
but, strange to say, I never read Radio Broadcast until to-day. Of course, I need not tell you
that
I was greatly
to seeany
whatfurther
I've
been missing,
and. tochagrined
guard against
vexation on this account, I told the clerk in the
book store at Sydney to save a copy for me
every month.
I find your "Home-Study Sheets," "Laboratory-Information Sheets," and "Service-Data
Sheets on Manufactured Receivers," very interesting, and more instructive than anything 1
have seen in any of the other radio magazines.
About all that Radio Broadcast needs to put
it head and shoulders over all the other radio
magazines is a good trouble-shooting page. If
you were to take the receivers described in your
"Service-Data Sheets on Manufactured Receivers," and trouble shoot them from input to
output, I believe you would be doing the service
men, set owners, and readers an inestimable
service and greatly increase the circulation of
your magazine.
M. H. McDonald.
Another radio service man who derives much
pleasure and information from reading our
columns is H. R. Happoldt, of Savannah, Ga.
In his letter he also suggests that we devote more
space to problems in radio servicing.
To the Editor:
It gives me great pleasure to make myself
known as a regular reader of Radio Broadcast,
and to say the following: I have been connected
directly with radio for more than 1 1 years and I
read all radio magazines. I can say truthfully
that your magazine proves of greater interest
and benefit to me than any other. My greatest
interest is in the radio servicing work, and I
would like to see even more space in your valuable publication given over to this end.
H. R. Happoldt,
Chief Radio Operator, 5. S. Gloucester.
For some time we have had in mind inaugurating a special section for the radio service man
and such a department, "The Service Man's
Corner," is started on page ioi of this issue. It
will appear regularly in the future.
Excerpts from two other letters which express opinions on our editorial policy follow:
To the Editor:
I am an electrical control engineer. One of the
{Continued on page 1 39)

310 or
350
Power

A-C
Shielded
Grid
Tubes

Tube
Amplifier

Short
Permanent
Phonograph
Connection

Plug-in
Coils
Tyrman "80" full A-C Socket operation using (3) A-C Shielded
Grid (4) 327 (2) 381 (1) 350 or 310 Tubes. Dimensions 8"x21"
xllH". OneSpot-lOK.C. Separation."Theyear ahead receiver."

"Never

operated

a

have

radio

I

like

*
'
'
'80'"
"A
revelation
! .y
. It hasm
everything.
Selectivity,
Sensitivity,
Tone
T
th
e
n point
and
Power
... A r
stationa
every
on the dial from top to
bottom . . . The slightest touch separates stations in this congested locality . . . Distance comes in like local . . . Congratulate
you on beautiful, natural tone . . . Short wave reception great
. . . Held W2XAD at 21.96 meters for six hours ... I have built
about every circuit but never have I operated a receiver like the
Tyrman

'80' for all around satisfactory performance."

"80" Power Supply
Powerful — Compact. Dimensions
8*A" x 11° x
Phone tips provided for any type speaker. Directly
energizes field of Dynamic Speaker.
Factory packed, completely wired.

Compare Tyrman
Receivers, point for
point, dollar for dollar with
any. You will realize why
Dealers and Set Builders are
so enthusiastic . . . why they
are making money.
Send for
FREE BOOK
showing schematic and wiring
diagrams with full descriptions.
TYRMAN
ELECTRIC
CORPORATION
Dept. 319, 314 W. Superior St.
CHICAGO, ILL.

America's Verdict
These and hundreds of other expressions from
Dealers, Set Builders, Engineers and Editors all
over the country tell us of the outstanding performance not only of the Tyrman Imperial "80"
but of the Tyrman "72" and "60" as well. Proof of
Tyrman quality and leadership in Custom Built
Receiver design is Sales. Orders are literally pouring in. Repeat orders. That's the test. Our factory
is working to capacity, but day and night work
enables us to make prompt shipments.
Tyrman "80" parts -including Short Wave Coils and wired
Power Pack complete, ready to assemble, $199.50. list.
Tyrman "72" parts for battery or eliminator operation, complete
ready to assemble, $98.50 list.
Special Power Supply for "72" wired, $55.00 list.
Tyrman
"60" parts
for battery
ready
to assemble,
$69.50
list. or eliminator operation complete,
TYRMAN ELECTRIC CORPORATION
Dept. 319, 314 W. Superior St.
Chicago, 111.
Without obligation, send me free literature describing Tyrman "80" for
A-C operation □, Tyrman "72" A-C □, Tyrman "72" battery operation □, Tyrman "60" battery operation O.
Name
Address
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Electric

Power
QUALITY

Speaker
GEMBOX

PRODUCTS
New
Dynacone
Choose

gns
Desi
fol
cess
c
u
S
ost
—^practical helps for amateur
and professional Builders

Here are described — and illustrated
— in understandable, interesting
terms, the newest designs in A C
Power Amplifiers. Every single one
has been proved practical.
This authentic A C Manual is the
work of Merle Duston, well-known
engineer and the author of many
radio texts books. Mr. Duston has
condensed in this valuable volume
the best efforts of the industry covering the past year of Radio's greatest
development.

Dongan Electric Mfg. Co.
Send copy of Duston's A C Manual to

Any builder — amateur or professional
— can construct a set or power amplifier of the most approved design from
the instructions in this text book.
And for general reference to the newtubes and parts the Duston A C
Manual should be in the possession
of every up-to-date radio enthusiast.
A limited supply of this splendid A C
Manual is available through the Dongan
Laboratories. Send 20 cents for a [copy
to be mailed to you.
DONGAN ELECTRIC MFG. CO.
2991-3001 Franklin Street
Detroit

Before
Chatging Batteries j
StayisYou
. Let me show you how
to make big money
right from the start
I've prepared
book
explaining aallFREE
details. First
week's ment.profit
equipYou can pays
get allfortheallbattery
charging business in your community with my
Service dinary
Station
— it's50%
yearsto ahead
orchargers Charger
— handles
70% ofmore
batteries.
I
explain
everything
—
start
you
in
business of your own and put you on the way toa
big money. Write for FREE BOOK.
C. F. HOLMES, Chief Engineer. Dept. R B
Independent Electric Works
5% 16 Ravenswood Ave.
Chicago, III.

Buying

Any
"A"the discount
Eliminators
Write
me about
card which enables you to purchase the new and improved
/ Knappat a Ii"A"
/
beral Power
discount, Kit
i / Themost complete "A" Power Kit ever
■yf offered — Address for details of plan — ■
David W, Knapp, Pres.
Knapp Electric, Inc., Room 414
350 Madison Ave., New York City
A " A • A • A • R • e • .1
HOOK-UP BOOK FREE
Improve your reception with
CARBORUNDUM
Stabilizing Detector Units,
Grid Leaks and Resistors
THE CARBORUNDUM COMPANY
Dept. D-2, Niagara palls, n. y.

without
Tubes
Neutrodyne
Genuine

Crosley radio sets have always been good sets. In them
the public has always received the utmost value. The AC
Electric
powerpower
speaker
GEMBOX
at $65modern
is the world's
lowest priced
speaker
radio. Every
feature
available,
to
insure
good
reception,
is
incorporated
in the
Crosley
$25 Gembox.
5 DAYS' FREE TRIAL
Try home.
the Gembox
the new
in your
own
Test it Iand
Compare
I ItsDYNACONE
realistic tone and
rich
reproduction is amazing!
8-Tube A C Electric
SHOWBOX $80
Genuine Neutrodyne
ments.
with all modern improve6 Tube
Battery Operated
BANDBOX
$55
Genuine Neutrodyne for places
where electric current is not
available
for electric
Dry Cell Battery
Type.receivers.
BANDBOX, Jr., $35
MUSICONE $15
Improved
—
world's type
greatest
success
in the field ofthemagnetic
speakers.
GR0SLEY
THE CROSLEY RADIO CORPORATION
Powel Crosley, Jr. Pres.
Cincinnati, Ohio
Dept. 20 New Mexico
Montana, Wyoming, Colorado,
and west
prices
slightly
higher
Prices of Crosley receivers do not include tubes

AMPERITES take little
space, but they control
the very life blood of
your
receiver
by auto~
matically
regulating
the tube filaments.
to use AMPERITE
theIt pays
only
resis-—
tance for self-adjusting
tfA 99 current. Maintains filament temperature at
propertions involtage
despite
variasupply.Entirely
Essentialunlike
with
eliminators.
fixed resistors. Instantly interchangeable. Banishes
rheostats. Beautifies
panelhandlayout. Saves wiring. A type for
every tube — battery or A. C.
$1.10 with mounting (in U.S.
A.), at all dealers.
^gdialt
Qctnpany
50 FRANKLIN ST., NEW YORK
FREE
to-huiuitsld da...ta.Blue
ciWrcme B.De1an2ptd . howR.
r
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Letters from Readers
(Continued from page 137)
reasons I am a subscriber to Radio Broadcast
is because of its clear, complete, concise articles
of real developments in radio backed by a fearless conservative editorial policy.
H. H. Horning, Pottsville, Pa.
To the Editor:
I wish to express my earnest appreciation of
your
new feature,
the " Home-Study
Sheets."
The neatness
with which
they are printed
and
the useful information they contain are certainly
a great aid to your publication. What we want is
experimental and physics side of radio, not the
program discussion side.
Vincent V. Garzia, Jr., Elmhurst, L. I.
The Sea-Going Tube Again

SOME time ago we published an interesting
account of the travels of a sea-going
vacuum tube. The article, it will be remembered,
stated that the vacuum tube passed from one
ocean to the other through the Panama Canal,
which resulted in considerable discussion among
our readers. In this department in our August
issue R. S. Fulton, radio operator on the S. S.
Hecbelega, tried to show how it would be impossible for a small object to pass through the
Canal. Now we print another letter which takes
the affirmative side of the controversy. You
take your choice !
To the Editor:
It is quite possible for any small article to pass
from one ocean to the other through the Canal, as
I shall endeavor to demonstrate. A vessel in
passing from the Atlantic to the Pacific approaches and enters the lock at sea level, floating
in salt water. The gates are closed behind her,
water from the lake is allowed to enter the lock
until the vessel has been raised to the level of the
lake. Any small article, such as a vacuum tube,
which happened to be near the outer gates of the
lock at the time the vessel entered would be
drawn along into the lock by the slight following
current always created by the movement of a
vessel, and would be raised to the lake level
along with the vessel, and likewise probably
would be drawn along with her into the lake
when the inner gates were opened for her passage.
Once in the lake, the tube's course would be
determined by the number of vessels passing
through the canal. If south-bound vessels predominated, the currents in the lake would be
stronger in the direction of the locks on the
Pacific side, whereas if more north-bound vessels
passed through, the tube probably would be
carried out to the Atlantic again, through the
lock through which it entered. Of course, most of
the water used in raising and lowering vessels
in the locks comes from the lake, but every time
a vessel passes from sea level to lake level some
sea water enters the lake. If Mr. Fulton doubts
this let him taste the water in Gatun Lake, which
is fed by fresh-water streams, and he will find
that it has a distinct brackish flavor, due to the
sea water entering through the locks. It is almost
a case of water flowing up hill.
E. D. Prey, Ellendale, Del.
Short-Wave Hints from the Tropics
To the Editor:
As a point of interest to short-wave receiver
constructors, the following data has been used
in avoiding the usual obstreperous "body capacity" found
in most
regenerative
short-wave
receivers.
When
building,
use a heavy
metal
sub-panel bracket — or rather, a pair of them. Use
the positive or negative filament to "ground
them
capacitythebecomes
thing ofout,"
the and
past the
as farbody
as causing
set to goa
into oscillation is concerned. This point has made
the building of short-wave receivers in this part
of the Americas a. success where otherwise it was
a failure. For all-year reception, short waves are
the only answer here. The standard receiver is a
{Concluded on page 141)
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Be

Different

1929

The Only Handbook

Prepared for the Change Is

THE

RADIO

MANUAL
Here is the inmost
complete,
up-to-date
handbook
the radio
field.mostIt deals
with
every problem of principle, method, or apparatus involved in radio transmitting and
receiving. It meets every need of student,
amateur, operator and inspector. It presents
in a single volume, a complete course in radio
operation developed simply and clearly, yet
in complete technical detail. The beginner
with no knowledge of electricity will find all
he needs either for amateur operation or to
qualify for government license. The professional operator or inspector will use it as
a daily reference guide.

16 Chapters
Cover
Elementary Electricity
and Magnetism; Motors
and Generators; Storage
Batteries and Charging
Circuits; The Vacuum
Tube; Circuits Employed
in Vacuum Tube Transmitters; Modulating SysWavemeters; PiezoElectrictems;Oscillators;
Wave
Traps; Marine Vacuum
Tube Transmitters; Radio
Broadcasting Equipment;
Arc Transmitters; Spark
Transmitters; Commercial
Radio Receivers; Radio
Beacons and Direction
Finders; Radio Laws and
Regulations; Handling and
Abstracting Traffic.
FREE

A Wealth oS Information
Never Before Made
Available
The accepted practise as adopted by the
International Radio Telegraphic Convention
effective January I, 1928, is completely recorded— the New International "Q" signals;
procedure for obtaining a radio compass bearing;
procedure when SOS call is transmitted or when
the spoken expression Mayday is heard from a radio
telephone station; etc., etc. There is also presented
for the first time a complete description of the
Western Electric 5 Kilowatt Broadcasting Transmitter; description and circuit diagram of Western Electric Superheterodyne Radio Receiving Outfit type 6004-C; Navy standard
2-Kilowatt
the minute. Spark Transmitter, etc., etc. Every detail up to
Prepared by
Official Examining Officer
The author, G. E. STERLING, is Radio Inspector and Examining Officer, Radio Division, U. S. Dept. of Commerce.
The book has been edited in detail by ROBERT S. KRUSE,
for five years Technical Editor of QST., the Magazine of the
Radio Relay League. Many other experts assisted them.
Special subjects such as Radio Control operating have
been contributed to by Carl Dreher of the National Broadcasting Co., and the treatment of the stabilization of radio
frequency
amplifiers is by Dr. Lewis M. Hull, the wellknown
authority.
The Whole Subject in One Volume
Never before has so complete a treatment of radio theory and operation
been compressed into a single volume. Here is information that otherwise
you could secure only by consulting many different books. And every
detail isfuselyvouched
for byphotographs
authorities ofandthediagrams.
first rank.There
The Manual
proillustrated with
are 700 ispages,
bound in flexible fabrikoid that is extremely durable. The immediate
demand for so valuable a handbook has already nearly exhausted the
second
order atlarge
once. edition. To be sure of receiving your copy without delay,

EXAMINATION
Use This Coupon
D. VAN NOSTRAND CO., Inc.,
8 Warren St., New York
Send me THE RADIO MANUAL for examination. Within ten days after receipt I will either return the
volume or send you $6.00 — the price in full.
(Radio Broadcast 12
Name
St. &No
City and State.
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THE
Licensed by

Set Builders
Circuit
Radio

Designers
Engineers

Rider RadioporationCor. Patented
Pats. Pending
5-2-16;
7-27-'26.

OF
QUALITY
Polymet condensers and resistances for Radio
and Television are carefully made— carefully
tested,
— isR.itC.any
wonder
they are and
the accurately
choice of 2/3rated.
of the
A. licensed
manufacturers.
Send for the Polymet Catalogue
POLYMET MANUFACTURING CORP.
597 Broadway
New York City

Here is a
Book
You Need!

Send

Suppress Oscillations
PHASATROL
A True Balancing Device for
Radio Frequency Amplifiers
usually efficient device
g radio isfrequ
ollinROL
for
contr
unan ency
SAT
PHA
oscillations and thus eliminates tocause.
rbanc
ing the ception
distuwhich
rethey
Adapted tousingany type officareceiver R.F. ampli
l
veerfu
A
tion.
wond
impro
ment for the new A.C. circuits
where the elimination of noise
is often a problem. Price,
Electradeach.specializes in a full
$2.75
line
of Controls for all Radio
Purposes including Television.
Write for Free Hook-up Circulars
and Full Information
Dept. M-12, 175 Varick Street
New York

for it Today

POLYMET
PRODUCTS

ELECTRAD

When the leading set
manufacturers of the
country choose Yaxley
parts there is something
more than even an outstanding reputation at
work.
Yaxley parts are used in
vital places; if they were
not entirely dependable,
these set manufacturers
would not stake trade and
customer satisfaction on
their performance.

Yaxley

Mfg. Co.

Dept. B, 9 So. Clinton St.
Chicago, 111.

HOOK-UP

WIRE

The DraidSudes Back*
An
Set

Amateur

Builder

Says

"As an amateur who has built quite a
number of sets, I can honestly say
that Braidite is the fastest and easiest
hook-up wire to work with and it also
makes the neatest and most workmanlike looking job. I like the way the
insulation on Braidite slides right
back into place after making a connection, thus leaving no exposed sections
of bare wire."
At All Dealers
25 Feet Stranded
35c
25 Feet Solid
30c
Red, Green, Yellow, Blue, Black
PRPP
dealerof
* **-*-'*-J Send
and weus the
will name
send and
you address
a sampleof your
package
Braidite FREE. Include ioc for postage.
CORNISH WIRE CO,
38 Church Street
New York City
v Q.g g_P_g._g.gJL/-

TRUE

TONAL

/VALUES

AUDIONS

te
apprecia
those
FOR
n, the
better
radiowho
receptio
new, perfected De Forest Audions
—the latest achievement of Dr.
Lee De Forest — assure the true
tonal values of reproduction
which add so much to radio enSold .by leading dealers
joyment
everywhere
DE FOREST RADIO CO.
Jersey City, New Jersey
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Letters from Readers
(Continued from page 1 39)
5-tube, push-pull outfit, using two straight 6:1
stages of audio, followed by push-pull.
Incidentally, as a matter of information,
for use in the tropics the Samson transformer is
the only 100 percenter we have found in the
commercial type to withstand humidity, etc.
This is a tip for any jungle parties or other
expeditions
to use Of
States'
receivers in expecting
this territory.
the constructed
commercial

HAVE
New

YOU

HEARD

IT?

1929

sets Atwater
special
Tropical
receiver is the Kent's
only one
to meet
withModel
existing
conditions in the tropics.
L. C. Leighton,
Cristobal, Canal Zone.
EIGHT-IN-LINE

Advertising Circulars
f~\\JR contributor Robert S. Kruse has been
^-^ an amateur for a number of years and, as
a result, his name and address have been listed
in many radio call books. Persons whose hobby
is made public in this manner always receive a
great deal of advertising in their mail, and this
is often considered an annoyance, particularly
when two or three circulars on the same subject
are received. Judging from his letter, Mr. Kruse
is evidently the victim of considerable highpowered publicity of this sort.
To the Editor:
It is possible to do the industry a service by
stating publicly that the mailing list of radio
amateurs employed by several prominent New
York mailing firms is of the same vintage as the
water that floated the ark. Advertisers are paying good money to have circular matter sent to
stations that were dead three years ago. I, for
instance, am constantly receiving such matter
addressed to a station at Silver Lane, Conn.,
which has not existed for four years, and one at
Washington, D. C, which has been dead for
eight years, and even one at Lawrence, Kansas,
which took out its last license in 1914!
Robert S. Kruse, West Hartford, Conn.
Short Wave Stations
\4ANY radio listeners equipped with shortJ 1 wave receivers are anxious to pick up the
signals of experimental telephone stations operating on frequencies within the range of their set.
In this connection Radio Broadcast has endeavored to prepare a schedule of short-wave
transmissions, but it has been found that the
hours of operation of these stations is varied
from day to day. The list which is printed below
contains as much accurate data as it is possible
to publish at the present time. The principal
stations of the world, which may be heard
regularly in this country with a simple shortwave receiver, are listed in the order of their
assigned wavelengths.
Wave
Location
Call
Letters
Length
AGC
Nauen, Germany
17.2
PCLL
Kootwijk, Holland
18.0
WO WO
Fort Wayne
22.8
5SW
Chelmsford, England 24.0
2XAB
New York
24.0
2FC
Sydney, Australia 28.5
2ME
Sydney, Australia
28.5
PCJJ
Hilversum, Holland
30.2
2XAL
New York
30.91
2XAF
Schenectady
32.7
JB
Johannesburg, S. Africa 32.0
PCLL
Kootwijk,
Holland '. . .32.0
6AXR
San
Francisco
33.0
3LO
Melbourne, Australia 32.0
2XAI
Newark
43.0
WBZ
Springfield
50.0
WTFF
Mt. Vernon, Va
56.0
AJG
Nauen, Germany. .
56.7
WLW
Cincinnati
52.02
2XE
Richmond Hill
21.1
GC
Paris, France
60.0
3XL
Bound Brook
60.0
9XU
Council Bluffs
61.06
KDKA
Pittsburgh
62.5
2XBA
Newark
65.18
WBZ
Springfield
70.0

Eight tubes in line — aluminum construction
throughout — all power equipment an integral
part of chasis — this year's
mechanical construction.

masterpiece

of

Browning-Drake dealers know the value of
tonal perfection, and what it means to their
customers. Listen to a 1929 type receiver and
understand why
ing-Drake fans.
BROWNING-

there

are a million

DRAKE

Cambridge,

Brown-

CORPORATION
Mass.

BROWNING-DRAKE
RADIO

BOOKS
in a minute

AT LAST!

by TELEGRAPH
DOUBLEDAY, DORAN BOOK SHOPS
New York
Newark
Toledo
Kansas City
St. Louis
Cleveland
More "A" Power
For Less Money!
With the Set Builders discount
card you can purchase a
Knapp "A" Power Kit
at a liberal discount.
Write me today forfull detailstelling about
this new money-saving plan for set builders.
DAVID W. KNAPP, Pres.
Knapp Electric, Inc. Room 414
Division of P. R. Mallory Si Co., Inc.
350 Madison Ave. New York

)

Matched
Tubes
the Only Assurance of Maximum Efficiency and
100% Satisfaction from any Tuned Radio Frequency
or Super Heterodyne Circuit.
This is the first time matched sets of Cunningham
or R. C. A. tubes have been offered at list price.
Tested and matched seven ways on our specially
designed testing panels. All tubes plainly marked
with characteristics.
Order
Pay the
5c eachtoday.
for packing
and postman
shipping. the list price plus
LIST PRICE
210
2.75
120
222
112A
2.50
2.25
226
2.00
2.25
200A
171A
227
6.50
$2.75
240
4.00
201A
199
1.50
4.00
$9.00
H. M. HEWSON, Merion, Pa.
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Receiver

The only tubes
with the exclusive Televocal

SC"">00

H

jLLm

Insures

YourACTubes

The Vitrohm 507-109 Unit costs
$2.00. Installed on your radio set,
it lengthens a. c. tube life by automatically lowering filament volt-

Support which
eliminates microphonic noises.
Made in all standard types. Ask
for them at your
dealers.

Attached in a moment — Nothing
age.
combustible — Nothing to wear
out — Does not get excessively hot.
It consists of a Vitrohm Resistor
mounted within a perforated
metal cage, a plug, and a receptacle.

Televocal Corporation
Televocal Building

Write for free information on this
and other Ward Leonard Radio
Products.

Dept. B-5, 588 12th Street
West New York, N. J.

WARD
LEONARD
ELECTRIC
CO.

Quality

Tubes

Potter
Any radio set can be improved
from 25 to 100% in tone range.
That is a flat, simple, direct
statement from Remler — a firm
famous for ten years of radio
reliability.
The new Compensating Transformer,
No. 905, replaces the first audio transformer in your receiver. This easy
change is quickly made — and results
are amazing. Especially when used
with a dynamic speaker, the new
Compensating Transformer proves tts
worth by delivering energy over the
complete range of the speaker. Use it
to get the most out of your Dynamic
Cone. Not an experiment — proved
and tested in every popular set and
circuit. A special pressed-steel demonstrating base makes it easy for the
dealer or set-builder to demonstrate
the difference to clients. Sign the coupon for full details.
Remler Division, Gray 8C Danielson Mfg. Co.
260 First Street, San Francisco, California.
Gentlemen:mation on Please send me complete infor□ New Compensating Transformer.
□ Demonstrating Base.
Name
Address
City
State R.B.12

MOUNT
VERNON
NEW YORK

Condensers
Quality
Long Life
Uniformity
Economy
Leading
turers havemanufacselected
Potter Condensers
for the finest radio sets. Why not follow their good judgment.
Insure the operation of your radio set
and power amplifier with the use of this
high grade product.
Potter T-2900 Condenser Block for the single
250 type tube amplifier— $20.00.
Potter T-2950 Condenser Block for the pushpull 250 type tube amplifier — $22.50.
Potter By-Pass and Filter Condensers are
available in all capacities and working voltages.
POTTER
Interference Eliminator
Your radio broadcast programs need no longer be
spoiled by interference from
oil burners,
machine violet
motors, vacuumicecleaners,
rays, etc.
The remedy is to connect a
Potter
tor to theInterference
interfering Eliminadevice.
Potter Manufacturing
North Chicago, Ul.
A National Organisation at Your Service

Co.

Write
for
this
Discount
Card
NOW!
It will enable you to purchase the
New and Improved
KNAP? "A" POWER KIT
at a liberal discount
The new Knapp "A" is the finest and most complete kit ever
offered.Wave
It is the only "A" Power
adaptable
to Short
and
Television
reception. — Super Heterodyne
Take advantage of the wonderful offer today —
write
David W. Knapp, Pres.
Knapp Electric, Inc.
Division of P. R. Mallory & Co., Inc.
Room 414, 350 Madison Ave., N. Y. City

rs
Builde
to Set
EWS offers
MBarawik
set builders
bigger]
bargains — bigger opportunities to make I
money this season. New sets, new kit I
ideas, all the leading parts, dynamic
Lowest rocketc. stocks,
supplies,
speakers,prices.
Bigger
service.bottom
Send for Big Bargain
Book today- quicker
free.
BARAWIK CO.,
Canal Sta.
CHICAGO, U. S. A.
ROBERT
S. KRUSE
Consultant and Technical Writer
103 Meadowbrook Road, West Hartford, Conn.
Telephone Hartford 4b327
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VICTOREEN

"A.C."

or "B.C."

You cannot realize the marvelous development in
Radio Reception

The new Victoreen is simply wonderful— that is the only way to describe it. It has wonderful tone —
wonderful selectivity, wonderful sensitivity. Itis wonderfully simple to
assemble, wonderfully easy to operate. Anyone who has the slightest
"knack" can assemble in a few pleasant hours a set which, from every
standpoint, simply cannot be surpassed.
This is a season of wonderful radio
programs. With a Victoreen you can
enjoy them from coast to coast. If a
Victoreen
be had. can't get a station it can't
Victoreen R. F. Transformers have
been greatly improved — the circuit
has been still further developed —
many other radical improvements
have been made which make Victoreen more than ever, the world's
standard "Super."
Write for complete Victoreen story and
the FREE Blue Print giving constructional data and full directions. You'll
have a set that you can boast about,
when you have a Victoreen.
The Blue Print is FREE
Victoreen Power Amplifier
and "B" Supply
makes any good set better

Push-Pull

Power

Stage

for Dynamic

Speakers

For best results, every dynamic

type speaker

should be preceded by a push-pull amplifier.
This is particularly true because they reproduce frequencies as low as 30 cycles and the
attendant hum fromraw AC on the filaments
of power

tubes is greatly pronounced

unless

filtered out by a push-pull amplifier.
The

AmerTran

completely

wired

push-

pull power stage has been specially designed
for dynamic speakers. Consists of type 151
input and output transformers (2.00 for
working out of 2.10 type tubes or type 362.
for 17 1 type tubes). Both

the 2.00 and the

3 62. have the secondary designed for connecting directly to the moving coil of the
speakers. Completely wired with sockets and
resistances. Also available for cone type
speakers and for both 2.10 and 171 tubes.
Supplies 45, 90, 180, and 450 volts, using
a UX210 or 250 in the last stage. Contains
two voltage regulator tubes so that the
90 and 180 volt taps are supplied with
a constant volt potential. It is the last
word in factory
"B"resultsSupply.
For the
you MUST
havemost
it. satisFREE BLUE PRINT with list of parts
and complete assembly instructions, will
be sent upon request.

The Geo. W. Walker Company
^Merchandisers ofUictoreen 'Radio Products
2825 Chester Ave., Cleveland, Ohio

Licensed under patents owned
by RCA

and may be bought with

tubes.

Price complete (without tubes)
(slightly higher west of Rocky Mountains)

$36.00

Write us for hook-up of this remarkable instrument.
AMERICAN

TRANSFORMER

CO.

Transformer Builders for more than 28 years
287 Emmet Street

YicJtmeen

or controlled

Newark, N. J.

JSI
M
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TRANSFORMERS
UX250

Power

Pric

e

-

General
Radio

$13.50

Company

Bulletin No. 931 will be

30 State St.
sent on request

time

f

Tube

The success of a high-qualityamplifier depends largely on
the power supply. The General Radio Type 565 Power
Transformers are especially designed for use in plate-supply
units intended for the 250 type
of power tube. The type 565-B
Transformer illustrated consists of a center-tapped 1,200
volt secondary and two 7.5 volt
secondaries. It is designed for
105 to 125-volt, 50 to 60-cycle
lines.
Type 565-B Transformer
(200 Watts)

ii'St

Cambridge, Mass.

The Only
Unit With a
Wave Length
Range of 15 to 550 Meters
Introducing
another efficiency
triumph atforanSHORT
reception. Highest
amazinglyWAVElow
price,
production. ofNow,
all can made
affordpossible
to get bythe economic
best entertainment
the
air being
broadcast
by many powerful stations
thruout onthe short
U. S. waves
and Europe.
EASY TO ATTACH AND OPERATE
The newverter is completely
model, Dresner
Shieldedand Short
assembled,
may Wave
be usedCon-on
any set.
It
is
built
in
a
beautiful
mahogany
finished metal cabinet. Efficiently covers a wave band
ofGUARANTEED
15 to 550 meters.
to
give
you
highest
satisfaction.
Take
of thisyou,
special offerMONEY
at once. ORDER
If your
dealer advantage
cannot
DIRECT
ana wesupply
will ship atSEND
once.
(When ordering unit, be sure to specify whether it is
to be used on AC or DC set).
Dresner Radio Manufacturing Corp.
640 Southern Boulevard Dept. A- 1?
New York, N. Y.

274 Brannan St., San Francisco, Cal.
RetnarkaMylowPiice

SET

BUILDERS
write for
CUSTOM SET BUILDERS
Discount Card
Browning-Drake has an interesting and
unusual proposition. Take advantage of
Enabling you to purchase the new and
the fact that more Browning-Drakes are
Improved Knapp"A" Power Kit at big
built than any other. Write today.
discount — Write for full particulars.
DAVID W. KNAPP, Pres.
BROWNING-DRAKE CORP.
Knapp Electric, Inc.
Cambridge
Massachusetts
Division of P. R. Mullory & Co. Inc.
Room 414, 350 Madison Ave., N. Y. C. 4
Why not subscribe to Radio Broadcast? By the year only $4.00; or two years $6.00, saving
$2.00. Send direct to Doubleday, Doran & Co., Inc., Garden City, New York.
Send

for

WESTERN

RADIO

Be An
Expert instrument
RADIO OPERATOR!
amazing
read operators.
code incTfd
half Sends
the £yleir£
usual
Reproduces aciital teaches
sending youof toexpert
you time.
messages,
radiograms,
etc., it.
anywhere,
anyhaving
time, any
speed. operator
You'll bein
( amazed
when
you
hear
Just
like
an
expert
your home. Code lessons recorded on strong, waxed-tape records
make everything
simple and50 clear.
$3.50 for Midget
Teleplex
with
completeSendwithonlyhigh-frequency
key
lighted. Sendlessons
today. ; or $5. guaranteed.
and buzzer.
Satisfaction
Money back if not deTELEPLEX CO., 72 Cortlandt St., New York, N. Y.

New York
Atlantic City
Chicago
DEALERS AND SET BUILDERS
The NEW 1929 catalog is crammed full of the
FINEST, NEWEST, Nationally known A. C.
sets, consoles, cabinets, dynamic speakers, kits,
eliminators and accessories at LOWEST
PRICES. Largest stock of radio parts Prompt
delivery. No delay.
Write for our FREE catalog
WESTERN RADIO MANUFACTURING CO.
V?ft W TalfP St
rtfnt RR-12
Chica™
(^BigFriendlyRadioHous

m
St. Louis
Kansas City
mi

Cleveland
Springfield
Doubleday, Doran
Book Shop
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simplified!
pONTROLLING
the receiver scanning disk— that's
problem
to itthewhenbig you
have inthetelevision. Yet there is nothing

SPEED

CONTROL

REG. U. S.
You can bring the scanning disk to speed and hold the
image on the screen as easily as you steer your car.
A handsome and useful device, this SPEED CONTROL CLAROSTAT. Controls any variable speed
motor of | h.p. or less, from standstill to practically
full speed in several turns of knob. Push button for
quick
for momentary
acceleration.
metal starts
case.andProperly
ventilated.
Protected Heavy
screw
terminals. 25 to 500 ohm resistance range. 80-watt
rating. Readily mounted. Convenient. And it sells
for $5.00.
Ideal for CONTROL
television. But
that's only half
SPEED
CLAROSTAT
has the
no story
end of The
applications inradio and electrical work where a variable
or fixed heavy-duty resistance is required.
WRITE for literature regarding the SPEED CONTROL CLAROSTAT as well as other Clarostats
for every radio purpose. Better still, send 25c
forbest"The
Gatewayyouto Better
Radio"
— the
investment
ever made
in radio.
CLAROSTAT MFG. CO., Inc.
285 N. 6th Street, BROOKLYN, N. Y.

Operates
120 volts, on50 105to 60to
iV cycles.
-oodC^fiasep7e^C0ver

The only rrA 99 Power
Suitable for all Sets
FERRANTI

Audio Frequency
Transformers

— Irrespective of number of tubes — including
SuperHets, Short Wave and Television receivers
THE newKnapp "A" Power is designed for the most
exacting service ■— super-hets, short wave and
television receivers included. I knew that if it would
perform satisfactorily with these receivers that there
could be no question as to its efficiency on ordinary
broadcast signals. The three Elkon dry condensers,
the improved choke coils and the special Elkon dry
rectifier make the difference between ordinary and
Knapp

are specified for the
SKYSCRAPER
A remarkable radio receiver using two
222 type tubes in the radio stages. A
real engineering job with unusuallyhigh gain and selectivity. Tone quality
unsurpassed.
Complete instructions for building the
Skyscraper will be sent for $1.00 net.
Send 15c in coin for copy of
the 1929 Ferranti Year Book
FERRANTI, INC.
130 W. 42nd St.
New York, N. Y.
FERRANTI
FERRANTI, Ltd.
Hollinwood
ELECTRIC, Ltd.
Toronto,
Canada
England

performance.
No Change in Price
Even with these wonderful and costly
improvements, there has been no advance in price — due to the tremendous
volume going thru my plant. Remember that the Knapp is the fastest selling
"A" Power on the market.
KNAPP ELECTRIC, Inc.
—Division of P. R. ~Si.allory & Co., Inc. —
350 Madison Ave., New York City
See your dealer today
Go to your dealer today. Most of the
good ones carry the Knapp in stock.
Do not accept a substitute — because
only in the Knapp will you get full
satisfaction as typified by the famous
Knapp "A" Power. If your dealer
cannot supply you send the coupon.

David W. Knapp, Pres.

^ ***** W-r
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SOCKETSPICKUP—
ADAPTERS

RegularC
Famous Tiipe
HEADPHONES
We offer several thousand genuine Nathaniel
Baldwin Perfect Type C. headphones fresh from
the factory
original
tion of their incost.
Never sealed
before cartons
sold foratlessa fracthan
$9. Price
while
they
last
only
tion guaranteed or money refunded.$5.50. SatisfacBALDWIN HEADPHONES
hold
long distance
you simply
cannot getalldistance
by any records,
other means.
An operator
at
San
Francisco
picked
up
a
message from Bagdad, Turkey, code
half
OUR
way
the you
globe,
aa world's
PRICE
record.around
Whether
are
professional operator, amateur,
or B.youexperiC.need.L.
these are menter,theset builder
headphones
PREMIER ELECTRIC CO.
ORDER
138-135
West 21st St., New York
NOW

No. 426
50c

Ue to Sh° \ilW

Two outstanding NA-ALD products. Above: — The
No. 426 Socket at 50 cents is one of a family of fourteen stationary and spring mounted sockets designed
for every purpose. Note the copyrighted colored
locater ring. It is an exclusive NA-ALD feature.
Below
Pickup priced
every
radio set:— The
ownerNA-ALD
can enjoyElectric
the wonderful
tone soquality
of music electrically amplified from any phonograph
through
their radio
set or TRY
power IT
amplifier.
GET YOURS
TODAY.
FOR
THREE DAYS
and if not satisfied your money
will be refunded.
No. 502
ELECTRIC
PICKUP
ONLY
$5.00
Please send me.
□ Send C. O. D.
□ One Electric Pickup. □ $5.00 Enclosed.
□ Complete Naald Catalog— FREE.
Name
St. and No
City and State
ALDEN MANUFACTURING CO.
Dept. R. B. 5
Brockton, Mass.

Bouck
says:
"MORECROFT
is the finest engineering interpreta-

Allied Radio
CORPORATION
711 W LAKE STREET, CHICAGO

Zeh

John H. Morecrojl
Second Edition

tion of Radio's
first . quarter century we have."
Revised and Enlarged

Principles of Radio
Communication
BY JOHN H. MORECROFT
Again Mr. Bouck says: "No radio book has
ever been of greater utility to the engineer and
student than this classic— the only reliable
reference of its kind six years ago and today
the most astounding collection of answers to
technical questions from the analysis of radio
frequency phenomena in terms of complex
formulae to why a particular amplifier howls."
$7.5©
JOHN WILEY & SONS, Inc.
440 Fourth Ave., New York
Please TIONsend
Morecroft's RADIO
COMMUNICAfor freemeexamination.
Within ten
days after its
receipt, I will either return the book or send you $7.50.
Name
Address
Firm

:

RB 12-28

Radio

Dealers

.

.

.

Send us your order for
copies of

Broadcast's
Radio
Data Sheets

Retail, $1.00
Liberal Trade Discount
Prompt deliveries in any quantity
from stock on hand at the office of
your local News Company.
American
News Company
131 Varick Street
New York

STATEMENT OF THE OWNERSHIP, MANAGEMENT, CIRCULATION, ETC., required by the Act
of Congress of August 24, 1912, of RADIO BROADCAST, published monthly at Garden City, New York
for October 1, 1928. State of New York, County of
Nassau.
me, aforesaid,
a50Notary personally
Public in and
for theJohnStateJ.
$5
andBefore
County
appeared
Hessian, who, having been duly sworn according to
law, deposes and says that he is the treasurer of
Doubleday,
Doranthe& following
Co., Inc., owners
of Radio
cast and that
is, to the
best Broadof his
knowledge and belief, a true statement of the ownership,
if a daily
paper, forthe the
circulation), etc.,management
of the (and
aforesaid
publication
date
shown in the above caption, required by the Act of
August 24, 1912, embodied in section 411, Postal
Laws and Regulations, printed on the reverse of this
form, to wit:
1. That the names and addresses of the publisher,
editor, managing editor, and business managers are:
Publisher, Doubleday, Doran & Co., Inc., Garden City,
N. Y. ; Editor, Willis Wing, Garden City, N. Y.;
Business Managers, Doubleday, Doran & Co., Inc.
Garden City, N. Y.
2. That the owner is: (If owned by a corporation,
its name and address must be stated and also immediately thereunder the names and addresses of
stockholders owning or holding one per cent, or more
of total amount of stock. If not owned by a corthe individual
owners mustporation, tbehe names
given.andIf addresses
owned by ofa firm,
company,
or otherdress, asunincorporated
its name member,
and adwell as those ofconcern,
each individual
must be given.) F. N. Doubleday, Garden City,
N. Y.; Nelson Doubleday, Garden City, N. Y.;
S.
Everitt. City,
GardenN. City,
Y.: Russell
Doubleday,A. Garden
Y.; N.
George
H. Doran,
244
Madison Avenue, N. Y. C. ; George H. Doran, Trustee
for M. N. Doran, 244 Madison Avenue, N. Y. C. ;
lohn J. Hessian, Garden City, N. Y.; Dorothv D.
Babcock, Oyster Bay, N. Y.; Alice De Graff, Oyster
Bay, N. Y.; Florence Van Wyck Doubleday, Oyster
Bay, N. Y.; F. N. Doubleday or Russell Doubleday,
Trustee for Florence Doubleday, Garden City, N. Y.;
Janet Doubleday, Glen Cove, N. Y.; W. Herbert Eaton,
Garden City, N. Y.; S. A. Everitt or John J. Hessian,
Trustee for Josephine Everitt, Garden City, N. Y.;
William J. Neal, Garden City, N. Y.: Daniel W.
Nye, Garden City, N. Y.; E. French Strother, Garden
City, N. Y.; Henry L. Jones, 244 Madison Ave.,
N. Y. C; W. F. Etherington. 50 East 42nd St.,
N. Y. C; Stanley M. Rinehart, Jr., 1192 Park Ave.,
N. 3.Y.That
C. the known bondholders, mortgagees, and
other security holders owning or holding 1 per cent,
or more of total amount of bonds, mortgages, or
other
NONE. securities are: (If there are none, so state.)
4. That the two paragraphs next above, giving the
namesers, ifofany,thecontain
owners, notstockholders,
and ofsecurity
holdonly the list
stockholders
and security holders as they appear upon the books
of the company but also, in cases where the stockholder or security holder appears upon the books of
the company
as trustee
in any orothercorporation
fiduciary for
relation, the name
of theor person
whom such trustee is acting, is given: also that the
said two paragraphs contain statements embracing
affiant's stances
fulland conditions
knowledge under
and belief
to the circumwhich asstockholders
and
security holders who do not appear upon the books
of the company as trustees, hold stock and securities
in a capacity other than that of a bona fide owner:
and this affiant has no reason to believe that any
other person,
any interest direct orassociation,
indirect inorthecorporation
said stock,hasbonds,
or
other securities than as so stated by him.
5. That the average number of copies of each issue
of this publication sold or distributed, through the
mails or otherwise, to paid subscribers during the
six months preceding the date shown above is......
(This information is required from daily publications
(Signed) DOUBLEDAY, DORAN & COMPANY, Inc.
By Johnbefore
J. Hessian,
Sworn to and subscribed
me this Treasurer.
7th day of
September, 1928.
[seai]
(Signed)QueensFrank
O'Sulhvan1501
NotaryCertificate
Public
filed inCounty
NassauNo.County
Term expires March 30, 1930

RADIO

There is no substitute for

YOU

147

BROADCAST

ADVERTISER

CAN FORGET

THE CONDENSERS,

IF THEY

ARE DUBILIER'S"

PERFORMANCE
Alibis don't go —
excuses are futile —
performance is the thing.
ORDERS and reorders from the
most representative concerns in
the country constitute concrete evidence that CARDWELL CONDENSERS are right.
Names synonymous with prestige
and sterling worth, representing the
greater part of the astonishing progress of the past quarter century in
radio and other electrical installations of all descriptions, will be found
on our list of customers.
Where performance counts and not
pennies, engineers and manufacturers stake their reputations on the
confidence they have in CARDWELL CONDENSERS and their
ability to "Stand the Gaff' and
come through.
CARDWELL CONDENSERS
— for all purposes ■
VARIABLE— FIXED
TRANSMITTING— RECEIVING
"The Standard of Comparison"
j£z.i£eraf ure upon request jj
THE ALLEN D. CARDWELL
MFG. CORPN.
81 PROSPECT ST., BROOKLYN, N. Y.

cr - r - rack
cr-r~rash

Eliminate

!

Interference

with one of these Devices

The advent of partial and complete
electrification of radio sets has
brought about new problems resulting from the picking up of stray
power line noises.

because of its highly developed
choke coil and shunt condenser
system has wonderfully fine filter
characteristics. Price $15.00.
Dubilier light
Socket Aerial

These scientifically designed interference eliminators will make your
set operate as quietly as with
batteries.
Types 1 ($5.00) and 2 ($7.50) are of
condenser design; the No. 2 unit
having double the No. 1 capacity.

f\

/;

Type 3 makes use of a specially designed filter net work. This unit

"A Moulded Bakelite Product"
A simple device plugged into any
light socket — does away with aerials
and lightning arrestors. Will work
on any set. No current consumed.
If your dealer can't supply you,
write to us direct. Price $1.50.

Dubilier
CONDENSER
CORPORATION
10 East 43rd Street, New York City
DON'T let the "static" that comes in over the
house lighting system from motors, street
cars, telephones and electrical appliances mar your
radio programs with blare, squeal, fry and scratch !
Plug in a Falck Claroceptor between wall
socket and set and have clearer A.C. reception. A
wonderful new improvement by a pioneer radio
equipment manufacturer. Grounds and thus blocks
out line interference noise and radio frequency
disturbances. Also improves selectivity and distance. Requires no changes in set. Measures just
3^2x5^x2!^ inches. Tested, proved. Praised by
thousands. Get one right away — at radio parts
dealers. Write for descriptive folder.
$7.50 complete with
cord and plug

CLAROCEPTOR
Built by ADVANCE ELECTRIC CO.
1260 W. Second St.
Los Angeles, Calif.
JOBBERS and DEALERS, GET OUR PROPOSITION

catalog
for free

Address
Dept. 31

Fahnestock

U.S. Pat Off.

Clips

RADIO'S GREATEST CONVENIENCE
Used by Manufacturers of Standard Sets and Parts
— and by Manufacturers of High Grade Wet and
Dry Batteries.
ALL GENUINE
FAHNESTOCK
CLIPS
bear our imprint on the thumb
piece of the clip.
WORLD'S LARGEST MAKER OF CLIP TERMINALS
48 different sizes and styles to meet all requirements.
Send for Catalog and Samples
FAHNESTOCK ELECTRIC CO.
L. I. City
New York

A'erdvox Condensers- and Resistors .have been firmly established as The Specified Products
by
■ the more discriminating
manufacturers.
Write for the Research .Worker,
a free monthly publication thai
will keep
you abreast of Radio's
latest
developments.
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SHORT

WAVE

The Aero "International" Short Wave Receiver is the first receiver designed exclusively for short wave broadcast reception.
Only one tuning control. Non-radiating.
Extremely simple to operate and certain to
give excellent results. The finest short wave
receiver obtainable at any price. Complete
kit includes everything necessary to put the
set together without spending another cent.
Aero Kit No. 8. Price $55.30

ADVERTISER

RECEIVERS

and

CONVERTERS

Unless you are receiving the programs that
are broadcast on short waves, you are missing
the most interesting part of radio. Broadcast reception on short waves is remarkably
clear and free from static. Programs come
in from far greater distances with the utmost
simplicity of control. Besides, a short time
spent in learning the code will place the
whole world at your finger tips. TransAtlantic reception is now a common reality
in the world of short wave. Assemble an
Aero Short Wave Receiver and enjoy the
real romance of radio. Kits are complete
to the last detail, including even wire, soldering lugs and every nut and screw needed to
put the set together. Panels are drilled and
full size pictorial wiring diagrams eliminate
mistakes in wiring.
Add

The Aero "Standard" Three-Tube Short
Wave Receiver for either A.C. or D.C.
tubes utilizes a regenerative circuit which
has been proven by years of excellent results in the hands of amateur operators.
The same special audio amplifier is supplied
as is used in the DeLuxe Aero Seven-twentynine and other Aero high grade broadcast
receivers, so that excellent quality can be
assured when receiving far-distant stations.
Kit is complete with nothing else to purchase.
Aero Kit No. 10 for A. C. Tubes
Price $49.95
Aero Kit No. II lor D. C. Tubes
Price $49.95

BROADCAST

Thousands

of Miles to Your

Receiver's Range
You can receive short wave programs on your present
broadcast receiver by simply connecting it to an Aero
Short Wave Converter. This does not in any way interfere with the regular operation of your set and no changes
in wiring are necessary. You merely plug the converter
into the detector socket of your receiver and you are
ready to receive short wave programs and code from all
over the world. An Aero Short Wave Converter is extremely easy to assemble. All parts are included, the
wiring is complete except for four or five connections,
and it takes but a few minutes to make the converter
ready for use.
Most good dealers have Aero Kits. If yours is not
supplied, write direct to us. ■
A postcard
request
valuable
— introducing the new
19S89brings
line oftwoAero
Kits booklets
and describing
the , Gi-page Aero Green Book for 1929. Send to
RD PPDOUCTS
INCORPORATED *'^gP
Dept. 298
4611 E. Ravenswood Ave.
Chicago, III.

The Aero
WavecanCon-be
verter for "Standard"
A.C. or D.C. Short
receivers
assembled
in
a
few
minutes.
All
the which
parts
are mounted on the foundation unit
is completely wired and tested. It is only
necessary to connect four or five wires to
make this converter ready for use. It can
be plugged into the detector or sometimes
the first
R.F. tube
socketwhich
of anyhas receiver,
utilizing the same
been removed
from the socket in which the converter is
plugged. This is the simplest converter to
build andgardles is
adapted to any receiver, reof type.
Kit No. 12 for D. C. Tubes. Price $32.00
Kit No. 14 for A. C. Tubes. Price 32.00

The
Aero "International"
for
D.C. receivers
embodies one Converter
stage of radio
frequency amplification utilizing a shield
grid tube and a regenerative detector. Only
one
tuning rheostat.
control, one
volume control,
and
a filament
A wonderful
little unit,
only 7 in. x 10 in. x 6 in. which will give
your broadcast set a range of thousands of
miles. Kit is complete. Nothing more need
be purchased.
Aero Kit No. 9. Price $38.90

For
more

than

twenty
years
— Faradon

Today, as two decades ago, experts consider Faradon
Capacitors essential to reliable radio transmission
and reception.
Then in the "wireless sets" and now in the most
luxurious consoles, Faradon Capacitors are accepted
as the standard
dability.
We

of electrostatic condenser

depen-

are always ready to assist in the solution of

your capacitor problems.
WIRELESS

SPECIALTY

APPARATUS

CO.

Boston, Mass., U. S. A.

aradon

ELECTROSTATIC

CONDENSERS

FOR

ALL

PURPOSES

149
RADIO

"How

Into

I

BROADCAST

ADVERTISER

Laughed

Succbyes
sClarke in
Howard

Radio"

during^my spare time. I actually
learned by doing. With the lessons received
I
a complete, expensive storehouse of apparatus with
which I was able to build radio
circuits and sets of almost every
description. Yet it cost me absolutely nothing extra.
As a result of this practical, technical working out of big radio
problems with a fine homelaboratory, I was able to earn
good money even before I had
completed my course! And it
wasn't long before I was able to
quit my regular work entirely. . .
and branch out for myself in

"I'm sitting on top of the
world! My bank account
is growing fatter every day
. . . my home is all paid
for . . . I've just ordered a
new car . . . and my wife
andl can at last enjoy life
in real style. It sure feels
great to be earning big
money. And to think how
it all came about!"

IT happened on a rainy Monday night. I was reading a
magazine while Mary was clearing away the supper dishes. Suda
cartoon caught my
denly funny
eye . . . and 1 laughed out loud.
"Jim, you make me sick!" she
cried. "How can you laughwhile
I'm nearly dying of weariness!"
"But Mary dear — "
"Don't dear me, you idiot!"
I was alarmed. "Great heavens, what'
wrong?"
"Wrong?" she screamed,"here I drudge
all day, do my own housework, wash
all the clothes, take care of the baby,
and worry about your meals. I never
get a moment of freedom . . . and
haven't a decent thing to wear even to
church . . .yet you never seem to care!"
I was ashamed!
A feeling of shame swept over me. So
that was why she seemed so "moody"
the last few days! Like a good sport
she had suffered in silence until she
couldn't keep it in any longer. Poor kid !
For hours after Mary had gone to bed
that night I kept staring into space.
What a mess I had made of our lives
. . . What a slave I had made of her
Listlessly I kept thumbing the pages of
the magazine . . . thinking . . . thinking. Was there no way out of it?
Then suddenly ... as if by some kind
act of Providence .... I stopped before a story. It told of a fellow who
had made quite a fortune in an uncrowded profession. Fascinated, I read
on. It told of the brilliant opportunities in the radio industry — of the
big incomes fellows like myself were
earning . . . and of the ease with which
expert radio training could be acquired.
But what impressed me most was the

Myself

Today,
I have
big paying
radio.more
jo"bs.work than
I can take care of. And I often
make more money in a day than
I used to earn in a week.
Read this thrilling
Free Book

fact that success was practically assured
by means of a new home-study laboratory method sponsored by three of
America's great corporations.
With gigantic enterprises like these
behind a school I needed no greater
guaranteehesitation
.... so without
further
I tore thea second's
coupon
and mailed it.
A lucky event that changed
my life
It sure was my lucky day, when the
first lessons came in. I never dreamed
that learning radio was so easy. I didn't
know the first thing about it when I
started. Yet before many months were
over I was able to solve many of the
problems which command big pay.
Each subject was explained in simple
word and picture form. It carried me
along like a novel. From magnetism and
electricity the lessons took me step by
step through trouble-finding and repairing—through ship and shore andbroadcasting apparatus operation and construction —through photoradiograms,
television and beam transmission.
I didn't have to give up my regular job.
I 6tayed right at home and learned

Howard Clark's story is typical
of the success which scores of
ther men have achieved . . . through
the "big-league" training given by the
home-study course of the Radio
Institute of America ... the only school
in America sponsored by RCA, General
Electric and Westinghouse.
Radio needs you. Manufacturers,
dealers, broadcasting stations, ships
... all need trained radio experts.
The pay is big. The opportunities are
limitless . . . The work is thrilling!
Find out all about it. The Institute
has prepared an interesting, illustrated
booklet telling you all you want to
know about this vast industry and
about the remarkable home -study
course that can fit you for a brilliant
radio career. Just mail the coupon below . . . the booklet is absolutely free. Radio Institute
of America, 326 Broadway, New York.
Mail this
coupon
Radio Institute of America
Dept.RB 1,326 Broadway, New York
Gentlemen: Please send me your big FREE
50-page book which tellsabout the great opportunities inRadio and about your famous laboratory-method ofradio instruction at home.
Name . . .
Address .

RADIO
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Carnival Music must be heard over large areas—above
of the skaters, and the ring of skates upon ice.

the shouts and laughter

Make your carnivals, at the club or public rink— indoors or out — a great success this winter with crystal clear music and plenty of it. For clear-cut announcements use a MIK 1 two-stage microphone input amplifier which is designed
for use with any of our PAM amplifiers.
The PAM-20 is identical
field current for a dynamic
165 volts direct current.
having their field energized

with the PAM- 19 except that it furnishes in addition
speaker designed to have its field energized by 90 to
For all other types of speakers, including dynamics,
from storage battery or AC 110 volt 60 cycle, use the

PAM-19. Both amplifiers are designed to operate from 105 to 120 volts 50 or
60 cycles AC.
Send for handsome folder RB3 describing the above and other
Samson PAM

Main Office: Canton, Mass.
Manufacturers Since 1882

Amplifiers which are also a "Sound Investment."

Factories at Canton
and
Watertouun, Mass.
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INCOLN
8-80
SPOT^
..ONESUPER.

That's the performance of the Lincoln 8-80 in the heart of Chicago
SET BUILDERS REPORT
Telegram Nov. 28th— "JAPANESE STATIONS RECEIVED ON LINCOLN SUPER JOAK, JOIK, JOBK."
TOKYO, JAPAN; SAPPORO, JAPAN; OSAKA, JAPAN; BROUGHT IN THROUGH THE MANY STATIONS
AROUND 300 METERS.
"SIX PACIFIC COAST STATIONS WITHOUT ANTENNA OR GROUND."— From Illinois.
NOT A SINGLE BUILDER HAS ASKED FOR HIS MONEY BACK
" Afterthatusing
it several
I can truthfully
say that
set
I ever
heard days
or owned
that performs
as itperis the
the first
ad- OR WISHED TO RETURN HIS LINCOLN 8-80.
vertisements ofthe manufacturers, in fact, if possible, it is a little
better than advertised."
A WORD TO THE CUSTOM SET BUILDERS
"Being ticaan
DX fan supers
and having
constructed
and used outfits
prac- You can out-demonstrate, out-perform any competitive equipl y al ofardent
the standard
and tuned
radio frequency
ment in your territory. You can pull in station after station in
and having personally constructed and experimented with intermediate super transformers and equipment, I find the Lincoln
every degree of the dial with perfect tone quality of your local
station.
All this without a squeal, and only using a small part
8-80 the best answer to all DX requirements. Only an experienced
set builder can fully appreciate what it means to have solved for of your available power, and at a price without competition. You.
can
convince
your customer in one short demonstration.
him such problems as having a proper means of matching an intransformer ofto operation,
any tube's theindividual
The price of complete kit for the Lincoln 8-80 is $92.65.
Tone quality,termediate
simplicity
ease with characteristics.
which outside
Due to the new principles involved every 8-80 works exactly alike,
stations can be brought in and the fact that the price is within
and you can get the same results as our finest laboratory model.
range of all, make this the first set that I feel I could conscienIf you want an evening full of straight-from-t he- shoulder
tiously recommend to everybody,"
dope written by an engineer who has played
4t75 stations logged before the new allocation of stations from a super-heterodyne
with every super going in the last few years, send 25 cents for
Chicago HoteleverywhereLincoln
75 other 8-80
receivers
not get
Practically
ownercould
reports
thisout."
wonderful
William H. Hollister's '"'Secret of the Super" using the coupon
below.
reception.
LINCOLN ENGINEERING
SERVICE ON STANDARD
KITS
Order to-day for immediate shipment any of the following Lincoln-Guaranteed complete kits:
Sargent-Rayment Seven (S-M 710) kit . . .§120.00
Tyrman 80-super — less power pack
$134.50
S-M 720 Screen Grid Six
72.50
Tyrman 72 receiver kit
98.50
S-M 720 Screen Grid Six— factory wired . . . 102.00
Tyrman 72AC, with power pack
153.50
1929 Laboratory Superheterodyne
95.70
H. F. L. Isotone 10-tube super
195.00
LINCOLN
329 SOUTH
Authorized Distributors for
Lincoln 8-80
WESTERN RADIO MFG. CO.
128 W. Lake St.. Chicago
WALTER ROWAN CO.
833 Washington St.. Chicago
ELECTRIC & RADIO SUPPLY
22 N. Franklin St.. Chicago
RADIO SUPPLY COMPANY
912 Broadway, Los Angeles

RADIO
WOOD

ST.

—

CORW)RATION
CHICAGO

LINCOLN RADIO CORP., Dept. B
329 South Wood St., Chicago, III.
Send forme custom
your bigbuilding.
free catalog, listing a complete line of
1929 kits
Enclosed find 25c. for which send me William H. Hollister's new book, "The Secret of the Super."

- ILLINOIS.
Authorized Distributors for
Lincoln 8-80
KLADAG RADIO LABORATORIES
Kline Bldg., Kent, Ohio
WHOLESALE RADIO SERVICE
6 Church St., New York City
CHICAGO RADIO APPARATUS
415 S. Dearborn St., Chicago
HORACE HILLS
200 Davis St., San Francisco, Calif.
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Huge

Amplifying

Power

— 250 type tubes, singly or in pushpull, with unbeatable S-M tone
quality
— built into an existing receiver, or
separately for radio and phonograph amplification
— at prices below all competition
— story!
this is the S-M power amplifier

S-M

720

Screen Grid Six
(See description on opposite page.)
Read What They Say About It —
Gentlemen:
I have had this kit in actual operation for
over a month and am astounded with the
results. . . Stations which my friends and myhad given
as "lostthe atgrave,
sea'* have
come
thru selflike
a ghostup from
and dance
volume from a loudspeaker from the Pacific
coast is a reality instead of 3 wiIl*o-the-wisp.
And knife-edge selectivity. What a treat!
F. Lordan, Galveston, Texas.
Gentlemen:
On my set, which is a Silver Marshall Screen
Grid Six, I am using a loop, and it might be
interesting to you to know that in testing with
the loop for distance this last week I received
(at Rochester, N. Y.) Los Angeles, Hot Springs,
Arkansas; Davenport, Iowa; Jacksonville,
Florida and Omaha, Nebraska.
Clayton R. Bragg, Rochester, N. Y.
Gentlemen:
Between 4:30 P.M. and 9:00 P.M. — knocking
off
aboutwithin
an hour
I logged
stations
a radiusfor ofsupper
2000 —miles.
Calgary,63
Alta., Canada, came in with pretty good volume
and an Army band in St. Paul, Minn, nearly
tore the speaker apart.
Jos. H. Malkin, South Norwalk, Conn.
If you build professionally, write us about
the
Station
if you don't
build,Service
yet want
yourfranchises.
radio to beOr custom-made,
S-M will gladly refer your inquiry to an Authorized Silver-M.ar shall Service Station near you.
Are Every
you receiving
"The Radiobuilder"
regularly?
issue describes
new and interesting
radio
developments.
To
all
Authorized
Service Stations, it comes free of charge;S-Mto
others a nominal charge is made. Use this
coupon.
Silver-Marshall, Inc.
1
838 W. Jackson Blvd., Chicago, U. S. A.
....Please send me, free, the complete S-M
Catalog;
also
sample
copy
of
The
Radiobuilder.
For enclosed in stamps, send me the
following;
. 50c Next 12 issues of The Radiobuilder
. Si. 00 Next 25 issues of The Radiobuilder
S-M DATA SHEETS as follows, at 2c each:
.No. 1. 670B. 670ABC Reservoir Power Units
.No. 2. 685 Public Address Unipac
.No.Wave
3. 730,Sets 731, 732 " Round-the- World" Short
..No.formers
4. 223, 225, 226, 256, 251 Audio Trans. .No. 5. 720 Screen Grid Six Receiver
...No.
.No. 6.7. 675ABC
740 " Coast-to-Coast"
Screen
Four and
High-Voltage
Power Grid
Supply
676 Dynamic Speaker
Amplifier
.. .No.
8.
Sargent-Ray
ment
Seven
.No. 9. 678PD Phonograph Amplifier
I
Name
1
Address

As a separate two-stage amplifier for homes and
small theatres, working from radio or phonograph
into a dynamic speaker, using one each '50, '26 and
'81 tubes, the S-M 678PD far outclasses, in qualitv
and price, any competitive amplifiers at prices up to
double that of the 678PD: WIRED $73; KIT complete $65.
For portable use, to cover 2,000-seat or larger
auditoriums, oroutdoor crowds of up to 15,000, with
optional voice, radio or record input — the S-M 685
three-stage Public-Address Amplifier is ideal. WIRED
$160, KIT $125.
existing receiver
to use
'10 or
'50
typeConversion
power tubesof isanyaccomplished
with no
change
of wiring,
by using S-M 675ABC power supply which supplies
all ABC power for the power tube, and receiver B as
well. WIRED, $58; KIT, $54.
For large theatres, schools, hospitals, auditoriums or
stadiums requiring the finest amplifying equipment, the
S-M "PA" Rack-and-Panel Amplifiers, consisting of any
required number of standard or special unit panels, will
provide for any class of coverage. The system illustrated
allows optional selection of one of two microphones,
radio, or record input, with master gain control, visual
volume level indicator, three-stage input amplifier, test
meter panel, input amplifier power supply, and two socketpowered push-pull output panels of 15 watts undistorted
power output each. With a voltage gain of over 5,000
times, a frequency characteristic flat to 2 T.U.'s from 30
to 4,000 cycles (with cut-off at 4,500 cycles) and with
hysteretic distortion practically eliminated, the perform,'
ance of S-M "PA" type amplifiers is unconditionally
guaranteed equal or superior to any and all competitive
American equipment.
Full information on these new amplifiers, as well as on the 720 Screen
Grid Six and other S-M sets and kits, is contained in the new December
edition of the S-M 24-page general catalog. Ask for it, or send two cents
for Data Sheet No. 9 covering the 678PD Amplifier.
New Push-Pull Apparatus
And now, S-M is glad to announce new super-quality push-pull audio
transformers built on the Clough system, all offering curves flat from
below 50 cycles to well above 5,000 cycles — transformers that give to
"push-pull" a new and really startling significance. And their prices like their
quality are unbeatable!
new 210,
257 oris 250
a push-pull
operate
one $7.00.
amplifier
twoThe171A,
tubes, andinput
liststype,
at theto low
price from
of only
Type tube
227 into
is a
push-pull inter-stage transformer, to feed from two 112A, 226, or 227 tubes into
two 112A, 226, 227 or 171 A, 210 or 250 tubes, and lists at $8.00.
Type 258 tapped output impedance is intended to feed from two 171 A tubes
into any standard speakers. Price $5.00. Type 248 Universal output choke is designed to feed out of two 210 or 250 tubes into one to six or more standard speakers,
and
providedcorewithsaturation.
several impedance-matching
taps. $7.00;
It will orhandle
watts iswithout
Price, 248 open mounted
228 (inoversame20
case as 227) $8.00.
Remember — S-M guarantees these push-pull transformers to have a finer frequency characteristic than any and all competitive types — bar none.
SILVER-MARSHALL,
Inc.
838 West Jackson Blvd., Chicago, U. S. A.

153
RADIO

BROADCAST

This

ADVERTISER

Is tke

Type

of

Kit

that

GRAYMORE
Heartily
and
710 Sar gent-Ray ment Seven
Designed by two famous engineers to
give the very extreme of results now possible in broadcast reception, irrespective
of cost, the S-M 710 Sargent-Rayment
Seven sets an entirely new standard. Exhausting the tremendous distance possibilities of4-screen-grid R.F. stages — bringing in a station on every 10-kilocycle
channel right around its single-control
dial (with five auxiliary vernier knobs) —
equipped with the unequalled S-M Clough
system audio amplifier — yet the 710 is
only $175 custom-built complete, or $130
for kit including aluminum cabinet.
720 Screen Grid Six
The new S-M 720 embodies in the most
perfect form the revolution that screengrid tubes have brought about in longdistance reception. Three of these tubes
in the R.F. stages, with shielded S-M coils,
bring in distant stations on the next 10 kc.
channel to powerful locals! The new S-M
255 and 256 transformers set a far higher
standard of tone quality than ever known
before. Custom-built complete in 700
cabinet, $102.00; complete kit, with
pierced metal chassis and antique brass
escutcheon but without cabinet, $72.50.
700 Shielding Cabinet
Beautiful two-tone brown moire finish,
with walnut finish wood base, $9.25.
740 Coast-to-Coast Four
A time-tested and famous circuit — one
R.F. stage, regenerative detector (nonradiating) and two A.F. stages — combined
with immeasurably finer coils, the high
efficiency of the screen-grid tube, all the
gain of smooth-working regeneration, and
new S-M Clough-system audios, make the
740 the greatest value in the fifty-dollar
class. WIRED in 700 cabinet: 740 (for
D.C. tubes) $75; 740AC (A.C. tubes) $78.
Kit less cabinets 740, $51; 740 AC, $53.
680 Series Unipacs
Perfect reproduction and hum-free
light-socket operation have made S-M
Unipacs famous. There are four types:
two single-stage, and two two-stage models,
using 210 or 250 tubes singly and in
push-pull. Unipacs are available in kit
or wired form — some supplying ABC
power to receiver — at $81.50 to $117.
Also 685 Public- Address — WIRED, $160;
KIT, $125.
Headquarters

for S-M

Parts

Recommends

Can.

Round
World

Ship

Wave Sets
--and that means exactly
what it says. As for
instance:
RADIO CFBO
STATION
SAINT JOHN, N.B.
CANADA
Silver-Marshall Inc., Chicago, III.
DearAbout
Sirs: — months ago I purchased one of your Round the World
Four ShorttwoWave
Kits ...
The first day I had it was on a Sunday and from 12 Noon our time
until 12 Midnight I never was without music. This set brought in
KDKA, WGY, 5SW Chelmsford England and PCCJ Holland all
with Loud Speaker Volume and good modulation.
I have
used same in St. John here for rebroadcasting
thruSinceour then
station
CFBO.
As I am writing this only to-day I have been able to bring the
first two
plete fromWorlds
start toSeries
finish.Baseball games and rebroadcast them comPlease remember that we do not get any daylight reception here
at all from either U.S. or Canadian Stations on the B.C.L. band,
200 to 600 Meters.
In closing I can only say that I built over twelve different short
wave sets and yet to find the equal of the Round the World Four.
5SW comes in every evening and 50% of the time with loud
speaker volume.
Yours very truly
F. D. Thorne
Supt. CFBO
S-M

"Round-the-World" Sets Are
Available as Follows
COMPLETE KIT
Everything necessary to build the complete four tube r.f. regenerative (non-radiating) short-wave set, including aluminum
cabinet and two S-M Clough audio transformers.
730 Complete Kit .$51.00
730 Set, Wired
$66.00
ADAPTER KIT
Complete with aluminum cabinet, less the two audio stages. Used
with anwave use.adapter
plug,Television.
it converts any broadcast receiver for shortIdeal for
731 Adapter Kit $36.00
731 Adapter, Wired $46.00
ESSENTIAL KIT
Contains the two tuning and tickler condensers, four wound
plug-intions forcoils,
coil asocket,
building
1, 2, 3,and
or 4three
tube r.f.
set. chokes, with full instruc732 Essential Kit
$16.50

and

Prompt shipments on all
items of the S-M. line, including the neiv 678PD
Phonograph Amplifier and
power supplies
formers of all and
types. trans-

Kits

are one of Silver-Marshall's largest jobbers,
and can fill promptly your mail orders for
S-M, as well as for other high quality merchandise. Send coupon for our new catalog. Best discounts
to dealers.

Radio

Stock

-tKeShort

WE

Graymore
142 Liberty St.

from

Corporation
New York, N. Y.

r

I

GRAYMORE RADIO CORP.
n
142 Liberty St., New York, N. Y.
Please send your big new catalog of highest
quality radio parts and kits.
Name.
Address.
Town

State.
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THE next — the February — issue of Radio Broadcast will
appear figuratively in new clothes. A famous designer is
at work on an attractive new cover which will make Radio
Broadcast more easily recognizable when you try to pick it
out of the mass of others on the newsstands. The text will be
set in a type which is easier to read and which presents a more
attractive appearance than the type we now use. For those who
are interested in such things, the present type face is Cadmus
and the new Radio Broadcast will be set in Bodoni. Bodom
is a decorative type also notable because it is "easy on the
eyes." The contents is in for some improving at the same time
and we shall ask you to await the February issue for a complete announcement of that.
TELEVISION occupies a good part of radio discussion
these days and we want to be sure that our attitude on
the
is clear.
"Television,"
unfortunately,,
one
thingsubject
to one man
and something
altogether
different tomeans
the next.
Television, like radio broadcasting, may be considered experimental y orin respect to its entertainment value — something
the general public will find satisfactory. Television of entertainment value is certainly not here and is not in prospect for some
little time. Articles in this magazine have outlined the difficulties
to
before
"program television
television"is here.
can beWhat
attained.
On betheovercome
other hand,
experimental
most
people mean when they say the word now is merely experimental television. We do not intend to fill this magazine with articles on the
subject
isn't muchin toexperimenting
say, but we with
shall
not fail
to give
thosewhen
who there
are interested
it as much useful information as we can. We certainly do not
discourage experimenting, but in television it should be made
perfectly clear that such it now is, and that on a limited scale.
NO

NEW feature we have added to Radio Broadcast in
the six years of its history has created anything like the
favorable response that the special pages for the radio service
man have produced. Many interesting manuscripts have been
received and we hope that others who also have ideas which
should be set down on paper and sent on for our consideration
will become suddenly ambitious and send us their contributions.

THE present issue contains a wide selection of articles of
interest:
Phelps speakers,
on "Unscrambling
Joseph
MorganBoyd
on dynamic
K. W. Jarvis Television,"
on receiver
performance, the Laboratory Staff on an a.c. operated tube
tester, "The Service Man's Corner," Carl Dreher on "Sound
MotiononPictures,"
"Photographic
Dataa.c.forP.Broadcasters,"
Kruse
short-waveandtopics,
the push-pull
A. amplifier,
are some of the most important. We are proud to offer these
articles for they are all exclusive, interesting, and accurate to
the last degree.
FEBRUARY Radio Broadcast will contain, among other
things, an article by Dr. L. M. Hull on "Overall Measurements on Broadcast Receivers," a striking story by Boyd Phelps
on how amateur television has been accomplished, a remarkable
story by the Labaratory on the value of filtering in audio amplifiers, several valuable experimental articles on short-wave
work and — a host of other features.
— Willis Kingsley Wing.
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Allied has cut prices
to the bone — your
big profits in radio
can now be bigger
-no need to wait
any longer. This
new low level
of prices places
before you

On
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the season's
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values.
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SETS

Brand

New
Catalog
for 1929

A pre-inventory sale that is featuring some of the
most drastic price reductions known to radio.
Everything in our tremendous stock is offered in
this sale- — and this large new catalog has been
prepared to bring before you this tremendous
array of radio values.
Every branch of the radio industry is represented
— appealing to set builders interested in parts and
kits — to dealers interested in the new sets and
modern accessories — as well as agents who are
interested
in tieing
of thereceivers.
season's
most successful
lines upof with
A.C. one
andD.C.
Wholesale

Prices

Selling as we do on an exclusively wholesale
basis, the prices we now offer you are establishing new standards in radio values — new A.C. sets
as low as $32.95 — attractively designed consoles
for as low as $16.25. Corresponding values are
offered in kits, parts and accessories in nationally-advertised, quality merchandise — the products of the country's foremost radio manufacturers.
The Catalog is Free
Send for Your Copy Now

Knight Receivers
for A.C. andD.C.
operation have
established an enviable record for
performance. See
them in this new
large catalog.

Allied

Radio

CORPORATION
711 W.

LAKE

ST.

Dept.A-4

CHICAGO

A Kite Antenna Used in Early Radio Experiments
This picture shows an unusual piece of radio apparatus
which was used by Guglielmo Marconi during his trans-Atlantic radio tests in December J90J. The large kite which is held
by G. S. Kemp, Marconi's first assistant, was employed to

elevate the long receiving antenna which was used at Signal
Hill, Newfoundland. The signals which were received during
this experiment were sent from a station installed at Poldhu
and was an event of the greatest historical importance.
I56

the radio lisRECENTLY
tener has heard many
peculiar sounds from his
loud speaker, and, if he plays
around on short waves, he probably is familiar with an unusual
noise which may be identified as
a television signal. To thes untrained ear these transmission all
sound alike — a terrible racket; to
the experienced television experimenter the sounds often give a
fair idea of the picture, even to
"
mit s recognizing the
undrperface
e labo
of
of the immediat"so
at
atory staff. For the somewh less
experienced, a little practice with
the speaker and televisor operating simultaneously will enable him
to pick out important characteristics of the, signal, as, for example,
an abrupt change in tone quality
when the picture contains two figures, as two individuals side by side.
The experimenter who intercepts atelevision program of unknown origin has before him the
intensely interesting problem of
deciphering these signals and determining the number of scanning
holes and the speed of the disc, for
PHELPS" EXPERIMENTAL TELEVISOR
this may be obtained from laboratory tests. In this connection
this article relates the author's experience inunscrambling mysterious television signals which were
Unscraniblin
heard regularly on Long Island.
The lowest frequency in a television signal cannot be classed as
a musical tone; it is a rapid series
Television
of thumps coming at the rate of
l\, 10, 15 or 20 times per second. This represents the number
of complete pictures per second.
By BOYD PHELPS
A picture rate below 1 5 generally
causes a noticeable flicker to the
music amplifiers, all audio tones below the scan
eye, like moving pictures projected at a slower
frequency can be eliminated in many cases and
speed than normal.
quite good quality will remain. This feature is
THE SCAN FREQUENCY
useful if a B-power unit is used to supply plate
THE audio tone which seems to be the loudest
power for the amplifier, as a scarcely noticeable
single frequency in a complex television
power-frequency hum in the speaker manifests
signal represents the scan frequency which is the itself on the picture as light and dark bands.
mathematical product obtained by multiplying
When a power frequency of 60 cycles is used, four
the number of holes or scan lines by the number
light bands appear if the disc is running 900
of complete pictures per second. This product
r.p.m. (15 pictures per second) and eight bands
appear if 450 r.p.m. pictures per second)
is usually 360, 450, 480 or 720 cycles per second,
or intermediate values. This pitch seems es- is the disc speed, for example, with 3XK and
pecially loud because it is in a sensitive range of wrny, respectively. If these bands creep slowly
'57 is held correctly
the ordinary amplifier and speaker, and be- up or down while the picture
framed
it
is
an
indication
that synchronizing by
cause itis pure, regular and continuous. It corresponds to a musical note near the middle of the the direct mounting of the disc on a synchronous
piano key-board somewhat above middle C. motor would not be feasible, as was discussed in
In television amplifiers, contrary to speech and
last month's article by the writer. Therefore, if

the amplifier has a sharp low-frequency cut-off above 120 cycles,
the interference caused by the a.c.
hum is eliminated. The only exception to this statement would
be a case where the a.c. modulation varies the overall efficiency
of the amplifier, for if the desired
signal frequencies are choked off 60
times per second a high-pass filter
will not help this. An example
would be low-current filaments operated on a.c. much below their
correct temperature where the
emission varies rapidly with small
changes in filament voltage. But
a good amplifier underloaded
should amplify weak or strong
signals proportionately, whereas
stray a.c. hum picked up in any
stage, if passed to the next tube at
high loss, does not assume great
magnitude or appreciable nuisance
in the television amplifier considered above. The writer has recently
thrown together a three-stage
transformer-coupled amplifier in
which practically all the iron in
the cores has been removed and
the flat section of the curve moved
up considerably, which seems
promising
not
been runalthough
as yet. curves have
We now come to the complex
picture frequencies of a television
ig^l
signal
the result
the
detail which
of theareimage.
If theof picture were divided vertically into
one light and one dark section
we know the frequency would
be 720 cycles in the case of the
better forms of common television,
therefore, it does not take much
imagination to appreciate the fact
that the details of a face — eyes,
nose, moustache, etc. — may produce frequencies that will run well into the thousands of cycles For example, impulses crosswise
of the picture, equivalent to the none-too-good
detail represented by 48 vertical lines, at speed
near the flicker point would be represented by a
frequency of 48 x 48 x 15 which works out to be
34,560. Although decently recognizable faces can
be produced without such high frequencies, the
change from light to dark at the sharp contrast
points, as the pupils of the eyes or edge of coat
sleeve, is quite a ways from instantaneous, and in
the received image the shaded gray area at these
points may be several scan holes in width, although the photo-electric cell at the transmitter
may be making its maximum change in a onehole width of the picture. But, in photography,
portraits usually have their sharp harshness removed by an intentional diffusion. Television
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nearest drill size was No. 50 having a

limited to frequencies below 5000 cycles
is, in the writer's opinion, far from hopeless. It is far easier to ruin a picture
with improper adjustments of the amplifiers at the transmitter or receiver.
THE PROBLEM
NOW we come to the problem of figuring out what kind of a disc the
transmitting station is using by listening
to it, and the writer has had some experiences along this line that may be of interest to recount. This form of "radio
sleuthing" originated early in March, 1928,
when an attempt was made to unscramble the signals sent by the Baird Laboratories in London to the Berengaria in
mid-Atlantic. The details of this adventure were in the newspapers at the time
and included such features as banging
the characteristic notes on a piano and
sending them over a telephone line to a
piano tuner who was called out of bed to
sound his tuning forks on the other end of
the line to determine the absolute scan
frequency. W2BU0, who assisted in this
escapade, procured a fairly flat square
brass disc of power-house flywheel proportions, in the haste to get the apparatus
operating before the next nightly schedule, the
corners were not even cut off. No further signals
were transmitted, however, so it was never
learned how accurately the number of holes and
revolutions were calculated. A phonograph record was made of the signals as it is possible to
preserve moving pictures this way.
Recently a near-by station was secretly sending short television schedules that have been
shrouded in a similar deep mystery. Trial on all
discs and speeds produced nothing intelligible,
yet the sounds apparently were genuine and had
the characteristic variations of a person moving
around or the scene shifting. The characteristic
scan frequency was quickly found to be B above
middle C on the piano, which, according to
international pitch scale, would be 488 cycles.
The pitch of the piano in question is according to
standards that pianos assume that have not been
tuned since radio became popular — usually
lower. However wrny "tuned in" on G above
middle C and their scan frequency is close to
360 cycles.
(The keys now
a logoffof the
Who's
Who
in Television.)
Dust look
was like
blown
old
college physics book and the ratio of the two
notes was found to be 4 to 5. The two musical
notes on the piano still being good chords, both
having lowered the same amount, the ratio was
applied and a scan frequency of 450 determined.
Now, as the scan frequency is the product of
the number of holes and the speed of rotation per
second, and neither of these factors were known,
the problem was still quite a way from complete
solution. Some slide-rule computations reduced
the unlimited possibilities to the following probabilities: 60holes at 75 r. p. s., 50 holes at 9 r. p. s.,
45 holes at 10 r. p. s. or 30 holes at 15 r. p. s.
Any of these cases would give the characteristic
450-cycle scan-frequency note. It was assumed
that even speeds were used with no "fractional"
holes or trick arrangement of holes.
A NOVEL FREQUENCY COUNTER
THE next step was to measure the picture
frequency which is strong in cases where an
unmodulated series of scan lines exist, as for
example, the margin above the head of an individual being scanned, or other irregularities
appearing once in each complete picture. In the
case of the unknown signals in question they were
too fast to count — one can count to almost 12 in
a second — so a device was invented for the pur-
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diameter of 0.0700."
THE RESULTS

REAR VIEW OF TELEVISOR

f~\NE of the most ingenious experimenters
^-s in radio to-day is Boyd Phelps. His
work represents in our mind a proper examof genuine
"amateur"
experimenting.
This plearticle,
describing
experiments
in sorting
out television signals in which every factor but
transmission frequency was unknown, will be
found worthy of the reader's attention — not
only because the work represents an extraordinarily ingenious procedure but because it
indicates very definitely the difficulties of
achieving results of any account at all in
television experimenting. — The Editor.

pose. The device consisted of a hand drill, a
saucer and a bent nail. The gear ratio of the hand
drill was such that the bent nail in the chuck
made four taps on the saucer for every turn of
the handle. The handle was turned at such speed
as to have the taps on the saucer in step with the
picture frequency, and the counting of the handle
turns was easy. Thus, in a ten-second run a
count of handle turns of 225, 25 or 37! would
establish whether the picture frequency was 9,
10 or 15 per second or if not it would probably be
a near-by value.
The second time the signals were heard this
was tried and every trial turned out very close
to 37! so it was a safe enough assumption that
the transmitter was using 30 holes in a disc
running 15 r. p. s. (900 r. p. m.) A vibrating
reed was used, and a variable-speed 48-hole disc
produced stationary specs of the image at 1 5 r. p.
s.; all checked the bent nail observation closely.
Much has been written concerning the design
of television discs so only the final data will be
given here. A spiral inside an existing 48-hole
spiral was laid out. In a 30-hole disc a maximum
radius of slightly over 7" gives an image if" wide
at the top. A picture height of i|" was convenient as this gave exactly 20 scan lines per
inch. These scan lines, while 0.05" wide in theory,
were made with a round drill of larger size calculated on circle overlap such that inscribed
squares would be edge to edge. The sides of the
theoretical square being 0.05", the diagonal
(also circle diameter) figured 0.0706" and the

IT WAS the morning of the third day
1 when the disc was tried out and the
interesting pictures watched with a thrill
of one eavesdropping in on something unusual— like watching the antics of a comedian practicing in supposed solitude. This
key-holing being absolutely a one-way
affair added to the charm, due to security from detection. The question now
arises, if I describe what I saw would I
be violating my oath of secrecy sworn
to on the back of my operator's license
and the law not to divulge or publish the
contents of any message not addressed to
me or which I am not the authorized
agent to forward? It was quite obviously
not broadcast for public consumption,
has had no advertising or publicity, and
was preceded by a weak announcement,
"Station 2X? conducting a test." The
days of only a code operator being able
to receive and divulge a radio message are
over. Perhaps the oath of secrecy should
be administered to the whole public and
thereafter to all infants within 90 days of birth.
The pictures on these pages show the apparatus used in the experiments described
in this article. The front view of the televisor
reveals that the container was once a phonograph
cabinet — pioneering now in television as it did
in broadcasting at 9 zt, when the writer sent its
music to Minneapolis amateurs in 192 1. Below
the speed-control knob and shaft may be seen
the bias resistor for the power tube. This resistor,
which is common to the plate supply and the
grid returns, is employed to regulate the brilliancy of the picture on the neon tube which is
connected directly in series with the plate circuit
of the 210-type power tube. The double-throw
switch behind the bias resistor makes possible
a change
from ear tofeature
eye " entertainment."
An interesting
of the televisor is the
flivver speedometer which is mounted on the
front panel. This instrument, having been taken
apart
and calibrated in r. p. m., is employed as a
tachometer.
The second picture shows the mechanical
arrangement of the scanning disc assembly. A
synchronous motor providing uniform speed is
belt connected to a countershaft having friction
drive to the back face of the scanning disc.
The knob to the left turns a threaded brass rod
that moves the countershaft assembly radially
to frame accurately the picture and compensate
differences in scanning speeds of various transmitters. The pulleys have additional small
flanges (not shown) which quickly take a shorter
belt for slower speeds. The neon tube is shown
opposite the 30-hole spiral described in this
article, but it can be raised easily to the level
of the 48-hole spiral. Many methods of speed
control have been tried but this system has
provided the best results.
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current to this coil. Further, the base of the cone
IT IS the purpose of this article to set forth
sentially what is called an "inertia-controlled
clearly, simply, and without prejudice, the diaphragm" loud speaker. This means that is fastened to the metal supporting ring by means
application, performance, method of use, ad- throughout the important frequency range the of a flexible annular ring or washer usually made
vantages, and disadvantages of the modern
electrical driving force is expended in accelerat- of leather. These springs together with the
dynamic loud speaker.
leather ring, hold the moving structure quite
ing the mass of the diaphragm. In other words,
The arrival of a new and successful device
the moving structure, which consists of the voice rigidly with respect to radial movement, but
coil and the sound-radiating paper cone, acts as permit very free axial motion.
upon the market is always attended by exaggerThe combination of paper cone, moving coil,
ated claims and general misinformation as to its a solid piston. If it were true that the dynamic
and metal springs has its own natural frequency
use and operation. This is not so much due to the loud speaker behaved solely in this manner
desire of the manufacturer to further the
of vibration. Advantage is taken of this
sale of his product, as to the misguided e/©(|!
natural frequency to obtain a large reenthusiasm of the radio fan. That such a
sponse at the low-frequency end of the
scale, where much energy is required to
condition should exist is deplorable, since ~KAANY months ago, in " Strays from the Laboratory,"
the new device is often improperly em- -ivl we predicted that the "dynamic" loud speaker produce sufficiently intense sounds, due,
ployed and its good characteristics are would probably be predominant in the radio field during in part, to the fact that much of the
discredited.
this season. That prediction has been amply borne out. associated apparatus, such as amplifiers,
No new instrument is a panacea. Per- Subsequent comment in "Strays" has compared the per- have inadequate low-frequency characteristics. This natural frequency usually
fect design in a vacuum tube cannot
formance ofthese reproducers with other types and presented some information on their operation. This article, occurs somewhere between 20 and 70
compensate a defective rheostat. ]A perfect loud speaker cannot even slightly written by Joseph Morgan, an engineer in whom we have cycles per second and varies not only
ignore the defects of an overloaded ampli- the highest confidence, does answer practically all of the with the make of the loud speaker but
fier. In fact, the reverse is more nearly questions which arise. A careful reading will enable those also from one loud speaker to another
true — a poor loud speaker can, to a re- who are using this type of reproducer to make it better of the same make. In one well-known
make of dynamic loud speaker tested by
markable extent, overcome such defects!
sense their needs and will clarify the minds of those who
the writer, the resonant frequency in six
Before considering the dynamic speaker now feel they are pretty cloudy on the whole
— The subject.
Editor.
loud speakers chosen at random varied
in detail, the reader should have a
knowledge of the general problems of
from 40 to 65 cycles per second. If the
3)®^ resonant frequency were kept within the
design, sai®0;
and
application
speaker
loud
range mentioned it would have practically
as well as the specific principle upon
which the dynamic type is based. For this pur- throughout the entire audio-frequency range, the no influence upon the response of the loud
pose the reader is referred to the article by the frequency-response curve would be very nearly speaker above 100 cycles per second.
a straight line with the response gradually
present writer, titled "All About Loud Speakers"
THE CHANGE AT 3OOO CYCLES
falling off at the higher frequencies. However,
which appeared in the August, 1928, Radio
Broadcast.
there are a number of secondary factors which
3000ceases
cyclesto per
the piston
moving structure
act second,
as a solid
The three most important properties to be must be considered in the determination of the AT ABOUT
considered in the discussion of the technical
and begins to behave as a conical diaphragm
response of such a loud speaker.
We shall consider first the mechanical factors.
with a fixed outer edge. In that part of the sound
merits of a loud speaker are:
Due to the fact that the moving coil must be spectrum in which the transition takes place
(1) The frequency-response characteristic
159 with respect to its from free-edge to fixed-edge action, large irregusupported more or less rigidly
(2) The efficiency
larities inresponse are likely to occur, and in the
(3) The load capacity
concentric position in the air-gap of the magnetic
field, two or more thin flat metal restraining band of frequencies in the fixed-edge region the
We will consider first the frequency-response
springs are used, both to maintain the centering response is, in general, greater than in the freecharacteristic. The dynamic type of loud
speaker, using a free-edge paper cone, is es- of the moving coil and to act as conductors of edge region. This is due in part to the conical
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market to-day specially constructed transformers
to be used in place of those built into the loud
speaker [See table on page 194 of this issue. —
Editor]. Under certain conditions more efficient
/
results can be obtained by the use of these special
transformers.
V
In the case of the dynamic loud speaker, the
1
method of mounting is very important, with
respect to the reproduction of the lower frequencies. An entirely unmounted dynamic loud
speaker radiates very little energy below 300
or 400 cycles. Therefore, in order to take ad15
vantage ofthe excellent low-frequency charactert/>
istic of this device, it is necessary to mount the
|*10
\
:d
loud speaker either in a suitable cabinet or bafflen
A
f
\
/
board. If it is desired to reproduce frequencies
5
Q
J
down to about 100 cycles per second, the speaker
V
(B)
r
v 10
may be mounted in a small inclosed cabinet with
1
2-5
vent holes at the back. Sometimes annoying
1
resonances are set up in these cabinets which
cause the loud speaker to chatter at certain
i/>*10
frequencies. Proper arrangement of the vent
=z-5
(C)
holes together with sound-absorbing padding
oz
inside of the cabinet will usually correct this
8 0
trouble. However, if full advantage is to be taken
--10I"5
of the low-frequency characteristic of the loud
speaker it should be mounted in a large baffleboard or in a wall. In order successfully to radiate
30 50 100 300 500 1000
3000 5000 10,000
low tones, the distance from the front edge of the
FREQUENCY- CYCLES PER SECOND
THE
very
low
impedance
of
these
voice coils necessitates the use of cone to the back edge by the shortest mechanical
FIG. I
path through the air around the baffle should be
a step-down transformer to feed
into the voice coil, in order that at least one quarter the wavelength of the lowest
note to be reproduced; 32 inches for 100 cycles,
shape of the diaphragm which acts as a horn for the ratio of last-stage plate-circuit impedance
110 inches for 30 cycles. An ideal method of
to voice coil impedance shall be maintained at
these higher frequencies.
mounting this type of loud speaker is to set it in
The conical shape is chosen because it gives a the proper value, usually 1 :2. These transformers
maximum of rigidity with a minimum of weight.
are usually built right into the loud-speaker
aSuch
largea wall
the level of the listener's head.
wal I above
is in effect, an infinite baffle and will
housing, although there are obtainable on the
The angle of the cone varies in different instrupermit the speaker to radiate the
ments from approximately 75 degrees to 150
=■♦5
lowest tones which it is capable of
degrees. The maximum rigidity is obtained with
Response'Frequency
Characteristics
of Dynamic Loud Speakers used with Filters
generating.
a 90-degree angle at the apex. If the angle is inThe tendency towards excessive
z
creased beyond 90 degrees, less rigidity is ob- in+10
response in the frequency range
tained but a somewhat better frequency-response
from 3000 to 5000 cycles has been
characteristic results. It is a difficult problem to
mentioned before. In the reception
obtain the best compromise.
of radio signals where the side bands
The material and tension of the annular supare somewhat suppressed, due to
ports are very important. The ring must be stiff
too great selectivity, this excess
enough to hold the outer edge of the cone concentrically and to prevent the edge of the cone
actually improves the overall reproduction but in those cases in which
from whipping. At the same time it must not
interfere with free axial motion.
there is no such cutting of the side
bands, it is necessary for the best
The cone itself is usually made of stiff paper
h
to obtain maximum strength with minimum
results to find some means of ats
(B)
weight. The paper must be carefully chosen so
tenuating this excess high-frequency
that it will not alter in texture, shape, or size
response.
with changes in atmospheric conditions such as
For this purpose some manufactemperature and humidity. In some makes of
turers employ an equalizer-filter
loud speakers, corrugated cones are used. It is
which tends to suppress this excessclaimed by some manufacturers of these loud
ive response. This filter is usually
<D>
connected across the input of the
speakers that a more even frequency-response
characteristic results. However, after a number
tube-to-coil transformer. They are
of tests, the writer has been unable to verify this
called "band-suppression filters." In
statement.
Fig. 1 are shown the frequency30
50
3000 6000 10.000 response curves of three typical
A very important factor which influences the
FREQUENCY • CYCLES
PER1000SECOND
500
frequency characteristic of any loud speaker is
dynamic loud speakers without
300FIG. 2
the impedance of the voice coil. It is important
filters, designated as A, B, and
to know the value of this impedance, its alteration with change in
voice frequency, and the relative
values of its resistance and reactance components. The ideal loud
speaker would have a constant impedance of pure resistance. This
ideal, while not realized in practice,
is more closely approached in the
dynamic type of loud speaker than
in any other. The impedance increases with the higher frequencies,
thus reducing the electrical input at
these frequencies. Individual makes
utilize voice coils having from one to
as many as several thousand turns.
In American practice the impedance
of the moving coil, which usually is
wound with 100 to 200 turns of fine
wire, is of the order of magnitude
of 10 ohms in the lower frequency
range. There is on the market at
least one loud speaker with a voice
coil consisting of a single turn of thin
copper ribbon, having an impedance of less than 0.001 ohm.
TRANSFORMER NEEDED
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C. It will be noted that A and B have markedly
increased response at the higher frequencies,
while C has not. In Fig. 2 are shown these same
loud speakers, A and B, when the filters are used.
The response of a fourth loud speaker, D, is also
given. The frequency-response characteristics of
two other dynamic loud speakers are shown in
Figs. 3 and 4.
[In analyzing these response curves the many
small irregularities can be neglected, since, in
general, they will not be audible to the ear. A
good idea of what we might term the "average"
response curve of the loud speaker can be obtained bydrawing a smooth curve as we have indicated indotted lines on curve D of Fig. 2. Note
that the curves are plotted in tu. With pure
single-frequency tones the minimum change in
response audible to the average ear is 2 tu, but

FIG. 5
Circuit of a.c. Dynamic loud speaker
when the tones are complexed as they are in
speech or music a variation of 3 tu will not generally be audible to the untrained ear. — Editor.]
EFFICIENCY
THE second item to be considered is the question of efficiency. By efficiency is meant the
ratio of the output power in sound to the input
electrical power. It is well known that the efficiency of the average loud speaker is very low. In
the better makes of horn and fixed-edge cone loud
speakers, the efficiency rarely exceeds 1 per cent.
In other words, 99 per cent, of the electrical out-
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put power of the amplifier is thrown away and
only 1 per cent, converted into useful sound
energy. In a good dynamic loud speaker, the
efficiency is somewhat greater, and may be as
high as 4 or 5 per cent. [In other words, for a
given electrical input a good dynamic will turn
out four or five times as much sound power as
an ordinary cone, or conversely with about onefifth the input the same output can be obtained
from a good dynamic as from a cone. — Editor.]
It is very important to have high efficiency since
the higher the efficiency, the smaller the amplifier and associated apparatus necessary to produce agiven volume of sound without distortion.
In considering the efficiency of a dynamic loud
speaker it is usual to neglect the power required
to excite the electro-magnet, since this energy is
readily obtained without the use of elaborate or
expensive apparatus.
In order to obtain high efficiency it is first
necessary to have a strong magnetic field. This
is obtained by using large electro-magnets wound
with many turns of wire. The limits to the intensity of the field which may be produced are
the allowable heat developed in the field winding, the saturation of the magnetic circuit and
the size of the air-gap across which this field must
exist. There are three ways in common practice
of exciting these fields. Choice among them is
largely a matter of convenience, the final result
being very much the same with all methods. The
most common method employs a 6- to 12-voIt
storage battery for the excitation of the field.
The second method utilizes the field as a choke
coil in the filter system of the high-voltage d.c.
power-supply device. This method is very economical since the energy dissipated in the field
would otherwise go to waste. The third method,
which is becoming more common, employs a
transformer and rectifier so that 110 volts a.c.
may be used as a source of field supply. The line
voltage is stepped down by means of the transformer and is then rectified in order to give a
pulsating direct current for the field. In some
makes of loud speaker a compensating coil is
used to reduce the hum which would otherwise
result from this pulsating field current. If, however, the field magnets are thoroughly saturated,
the hum may not be sufficient to cause trouble.
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FIG. 6
Construction detail of a standard Dynamic loud speaker
In order to maintain a high field strength it is
necessary to have as small an air-gap as possible.
Since the voice coil moves along, rather than
across the air-gap, it is necessary to have only
sufficient space for clearance between the coil
and the iron. This clearance is made as small as
possible consistent with the free motion of the
coil along the gap. Its value is usually about
0.005 inch.
Needless to say, the lighter the weight of the
entire moving structure, the greater will be the
efficiency of the loud speaker, since it is desirable
to use as much of the electrical energy as possible
to accelerate the air in front of the cone and as
little as possible to accelerate the mass of the
moving structure itself. The spring suspension

Mechanical and Electrical Data for Dynamic Speakers
Voice Coil
Magnetic Field
Cone
Transformers
Primary
Name
Secondary Volts Watts Flux Density
Diameter Thickness Angle Impedance No. of Turns Wire Size Ratio
Ai
2.4 lines/sq.
6
12000 cm.
105
5. 95 ohms
A2
d.c.
0.008"
at 100^>
105
12000
5. 95 ohms
lines/sq. cm.
110
3.5
d.c.
at 100^
Ai
0. 008"
12000
110 4.2 lines/sq.
105
5 . 95 ohms
6-12
cm.
a.c.
"8
0. 008"
90at° 100^
B,
100
33
4000
i
No. 35 No.12019
6.4 ohms
8"
d.c. 15.6
ohms
°at 500^
0at
100^
0.008"
96.7
26
ohms
8"
B2
6i"
9at0° 5000^
4000
100
33
6.4 ohms
No. 35 No. 19 100
200 to
09 6.= 7 ohms
120
d.c. 3.94-8
0.008"
at 100-^
26
ohms
at 500^
6i"
at 5000^
4500
a.c.
1
less than
C
1
110
10
14000
0.001
ohm
lines/sq. cm.
°
0
Di
9
3600
180
6
5.5
13. 5 ohms
d.c.
140
D2
34
135° at 100^
4.2
90
180
9"
13. 5 ohms
d.c.
3600
140
at 100^
34
29
G
6
6
0 . 5 ohms
6i
lines/sq.
10,000 cm.
8"
d.c.
at 100-~
Note: Loud speakers A\, A% and A3, have characteristics which correspond to curves A of Figs. 1 and 2. The only difference between loud speakers
identified by the same letter is8" in the design
110° of the field winding. — The Editor.
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previously referred to must be made light and
flexible so as to expend a minimum of energy in
the flexure of these springs.
The ohmic resistance of the voice coil should be
kept low in order to reduce the heat loss in the
copper to a minimum, for a given voice-coil
current.
LOAD CAPACITY
THE third item is the load capacity of the loud
speaker. This is limited by several factors.
First, the tendency of the paper cone to buckle
and rattle at the higher frequencies if too much
energy is supplied to the speaker. Second, the
tendency of the loud speaker to be thrown into
violent motion at its low resonant-frequency
point. The third limitation is that due to what is
called "non-linear distortion." This means the
introduction of frequencies into the sound
radiated which were not present in the electrical
input to the loud speaker. This may be due to a
number of causes and this type of distortion distinctly limits the load capacity of the speaker,
since such distortion increases greatly with the
quantity of sound energy radiated. The major
cause of this distortion is due to the inequality
between the propelling and restraining forces acting on the moving structure. A well-constructed
dynamic loud speaker, however, is capable of
fairly large sound output without such distortion
becoming apparent to the ear, and the writer
has found that with most of the dynamic loud
speakers on the market, the sound output
capacity is limited by paper and spring rattles at
the higher frequencies. The fourth limitation,
which is seldom reached in the ordinary dynamic
loud speaker, is that of the production of heat in
the moving coil. In other words, if all three of the
previous capacity limiting factors were absent,
the capacity of the loud speaker would still be
limited by the amount of heat which can be
safely radiated from the voice coil.
In order to obtain a maximum of energy in a
minimum of space with the greatest allowable
temperature rise, one manufacturer uses a singleturn voice coil which permits a very small ratio
of insulation to conductor thereby increasing the
capacity of the loud speaker.

It will be seen from the above description
that the design, construction, and application
of the dynamic loud speaker is a problem involving many factors, consequently a great variation
in the products of different manufacturers is to be
expected. The writer has found this to be true,
and has examined some which were excellent,
some which were fair, and some which were very
Ceiling

Floor
FIG. 7
4L

I
K

James A. Moyer, S. B., A. M., one of the authors of Practical Radio, bears after his name
on the title page the following list of affiliations:
Director of University Extension, Massachusetts
Department of Education, Fellow of the American
Associaticm for the Advancement of Science;
Fellow of the Royal Society of Arts; Mitglied des
Vereines Deutscher Ingenieure; Membre Titulaire
Association Internationale du Froid; Member of
the Franklin Institute; American Society of Mechanical Engineers; Society of Automotive Engineers; Institute of Electrical Engineers, etc.
Nevertheless, the book is not without merit.
Practical Radio was first issued in 1924
and has been kept abreast of developments in
subsequent editions. It is one of those nonmathematical, copiously illustrated and charted
expositions written for experimenters, service
men, boy scientists in the more advanced grades,
and other fauna produced in quantities by the
spread of broadcasting. All the emphasis, as one
would expect, is on broadcast technology, es-
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Method namicofunitsmounting
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Book
Practical Radio. By James A. Moyer and
John F. Wostrel, Third Edition, 1928,
McGraw-Hill Book Co., New York, 378
pages, $2.50.
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poor. It is not sufficient to have a good theoretical principle. The design, construction, and
application based upon this principle determine
the quality of the actual product.
Many of the manufacturers issue complete
specifications together with frequency-response
curves, and much can be learned from these data.
The reader is warned against believing that a
loud speaker must be good because it is a dynamic loud speaker. It is also important to remind
him that a loud speaker cannot be judged unless
it is used in the proper manner, and with adequate associated apparatus. The larger the
capacity of the amplifier, up to a reasonable
limit, which feeds the loud speaker, the better
will be the quality of the reproduction with a
good loud speaker. If it is possible to use a welldesigned amplifier with two 250-type tubes in
push-pull in the last stage, an excellent result
may be obtained. It is undoubtedly true that a
sacrifice will be made if a smaller output is employed. This is particularly undesirable for the
production of low tones which are so necessary
for natural reproduction of speech and music.
MULTIPLE LOUD SPEAKERS
\ A /HERE feasible, splendid results may be
" * obtained by using two or more dynamic
loud speakers in the same bafffeboard. In one such
design, built by the writer, six dynamic loud
speakers of well-known make were placed in a
single baffleboard as shown dimensionally in
Fig. 7. These six loud speakers had their voice
coils connected in series and were supplied by a
special Amertran transformer feeding from two
250-type tubes in push-pull. At least four worthwhile advantages are obtained by the use of
multiple loud speakers. First, the inequalities of
the individual frequency-response curves are
smoothed out. Second, for a given sound energy
radiated, each loud speaker supplies less load
and therefore distorts less. Third, the sound
comes from a large area instead of from a small
one. This last factor greatly improves the
naturalness and the sense of three dimensionality. Fourth, the radiation of the low-frequency
and the high-frequency tones are markedly improved and a better tonal balance is obtained.

Reviews

pecial y inreception. This bias the authors reveal
on page 2 with the bald statement: "The most
important use of radio is for broadcasting the
human voice." I certainly do not wish Messrs.
Moyer and Wostrel any hard luck, but if they
are ever on a vessel which catches fire 1000
miles from land I shall seize the opportunity to
debate this opinion with them at greater length.
After a preliminary discussion on "What is
Radio?" the book contains chapters on antennas, "radio electricity," crystal receiving sets
and telephone receivers, vacuum-tube receivers,
power sources for tubes, audio- and radio-frequency amplification, the selection, operation,
and care of receiving apparatus (Chapter X),
and radio transmission by telegraph and telephone. The inclusion of material is often haphazard; in Chapter X, for example, there is a
discussion of the vagaries of distribution of field
strength in cities, fading, etc. Following Chapter
XII, on construction and testing of receiving instruments, the trend of the discussions is highly
practical; the reader is told about machinists'
drill gauges, panel templets, the testing of neutrodynes, and the characteristics of various types
of battery eliminators. Chapter XV is devoted
to "Common Troubles and their Remedies."

Clarity is a prime requisite in books of this
type and Practical Radio succeeds in explaining lucidly, to the degree required by semitechnical readers, the numerous points which the
development of broadcasting has raised. There
are some loose statements, as when we are told,
on page 51, that "The operation of the vacuum
tube as used in radio sets was discovered by Edison," without any mention of Fleming and de
Forest, and on page 195 where it is categorically
set forth that in the Heising system of modulation "the two vacuum tubes (oscillator and
modulator) should be the same type and as
nearly
identical
as possible."
contrary,electrically
the modulator
should
be larger On
and theof
lower impedance. In practice this is accomplished by using a higher-powered tube as the
modulator, or paralleling a number of tubes
of the type used for the oscillator. Other such
deviations from accuracy can be found in Practical Radio without the use of a microscope,
in spite of the senior author's international feats
in joinery, but to the students for whom this
book has been written such details are inconsequential and the knowledge they want is certainly to be found within its covers.
Carl Dreher.
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Attack on the Allocation Plan
in that city. Furthermore, Rochester is a source
the
of
power station to operate on limited time.
citizen
nsible
an irrespo
WHEN
Three 50,000-watt stations, wfaa, wtic and
broadcasting world sets his private in- of musical talent of the highest grade.
Wgy was assigned for daytime operation to a wbap, are operating, or will operate, on half
terests above those of the listening
public and takes legal measures threatening clear channel belonging to the Fifth (Western)
time only. Wenr, the only 50,000-watt station in the Chicago area, is limited to twothe security of our new broadcasting struc- Zone, occupied by kgo, which is operated, like
sevenths time. These are assignments imposed
ture, the product of years of patient effort, we wgy, by the General Electric Company. The
condemn the error of his ways and hope for his Commission further gave special permission
by the limitations of the Davis Amendment and
to wgy to operate in the East at night during do not represent unfair discrimination by the
ignominious defeat at the hands of the courts.
But, when so respected a citizen of the radio
Commission. Thirty-nine stations of 5000 watts
power or more have been assigned part time.
fraternity as wgy takes the first step which is
likely to restore ether chaos, we lose hope that
importance of wgy's service
broadcasting will ever be sufficiently stabilized
to get along without frequent reallocations, leNO ONE can fairly deny the magnificent servgal proceedings, and political pussyfooting.
ice which wgy has rendered and its importance as a broadcasting station. Certainly
Wgy's
cause
is
a
just
one.
No
station
is
better entitled to a clear channel because it serves
it was entitled to go before the Commission and
request one of the clear channels assigned to
a large audience and is the principal program reliance over an extended rural area. But it went
New York State. It did not, however, elect to
about securing justice in a manner which was
take the orderly course, but went after a chanexactly 100 per cent, wrong, because it ennel assigned to another zone, thus striking at the
dangers the entire system of allocation based on
very heart of the principle of allocation. Anyengineering principles. Wgy did not hesitate to
one, not closely acquainted with the technicalienlist the aid of grotesque exaggeration of the
ties of allocation, would have gained the impression from press reports that wgy had been shut
facts, the ever-ready services of the haloseeking politician, and even shamelessly sought
down entirely. Certainly, the letters from hosto fix upon the Commission the obloquy of repital inmates, copiously distributed to the press
stricting service to the, sick and injured in the
by wgy's publicity department, gave the impression that these sufferers believed they would
hospitals. The consequences of its course porhear no more of wgy after November 11. In
tend such destruction that the propriety of
pleading for the injunction which converted a
wgy's claim to a cleared night and day channel
has become a matter of minor importance.
clear Fifth-Zone channel into one heterodyned
At this writing, it is too early to determine
by a First-Zone station, Attorney General
Jeremy R. Waldron of New Hampshire asked
whether the injunction will have as far-reaching
and destructive an effect as that obtained by
MR. J. W. HORTON
Appeals intoour
grantstate
the will
injunction
wjaz two years ago, which brought chaos to After a twelve-year association with the Bell Tele- the
thatCourt
wgy oflisteners
not be "so
debroadcasting and stagnation to the radio inphone Laboratories, Mr. Horton has joined the
of service after
November
1." Commisdustry. But it appears that only good fortune
General Radio staff in the capacity of Chief
Wgy priveddeclined
to comply
with 1 the
can prevent the complete upset of the allocation
sion's procedure of challenging another station
Engineer.
assigned a New York State channel on the
plan asvertsaa Fifth
result Zone
of wgy's
injunction,
cleared
channelwhich
into conone any silent period on kgo's schedule. Because of ground that it had no quarrel with such staa three-hour time difference, the earliest wgy
shared by the First and Fifth Zones, thereby
tions. What wgy should have done, if it did not
is required to sign off, if no time concessions
upsetting the principle of cleared channels.
elect this course, would have been to strengthen
are made by kgo, is 8:17 p.m. and the latest
the allocation plan, rather than to aim at its
FACTS OF THE CASE
10:32 p.m. If kgo relinquishes all broadcasting
fundamental principles, by demanding addiTHE case is one of such importance that its between sunset and 7 p.m., this permits wgy
tional clear channel for each zone. For example,
to operate until 10 p.m. nightly. During four were there fifty clear channels, allowing ten per
history is worthy of repetition. The Federal
months of the year, this involves no sacrifice of
Radio Commission, under the Davis Amendas recommended by the engineers' plan,
time on the part of kgo because the sun sets zone,
ment, iscompelled to divide the channels of each
the Commission automatically would have recafter
7
p.m.
on
the
coast
during
the
months
of
character equally among the five zones. It deognized wgy. The weight of its evidence could
May, June, July and August. For three months
cided to clear forty channels for high-power,
have been thrown in support of clearing more
night operation, allowing eight per zone. It is of the year, kgo's sacrifice is one hour or less channels and giving better service.
further required by the Davis Amendment that in the early evening, for two months between
Whether additional applications for injunction
the facilities be divided among the states in one and one and a half hours, and for three by other stations will follow the precedent esmonths between one and a half and two hours,
each zone in proportion to their population. The
tablished bywgy cannot be determined at this
a part of which are afternoon silent periods.
eight cleared channels of the First Zone were,
writing, but certainly the way has been paved
Operation until ten p.m. gives the maximum
therefore, divided among the ten states in the
for such action. We hope that, ultimately, wgy
Zone according to their respective populations.
will secure its clear channel and that, in the
of service to the majority of wgy's listeners
The New York stations selected for clear chanincluding hospital inmates and rural listeners.
process, the principle of allocations based on
After ten p. m. also, late listeners may, except
nels were weaf, wjz, wabc and wham. Thus,
engineering considerations will not be even temthree of the channels were assigned to the key in midsummer, receive their programs from one
porarily destroyed.
stations of the three eastern networks, while or more of the 50,000- 30,000- and 15,000-watt
Commissioner
Robinson Stands
stations within 150 miles of wgy, not to mention
the fourth was properly assigned to the western
Firm
the
numerous
less
powerful
stations,
some
of
partdeciding
of the upon
state.weaf,
The Commission's
in
wjz and wabc, judgment
each the which have chain affiliations. Furthermore, in
key station of a different network, for three of summer, when local service is the only reliance
has
ently out
Robinshyon with
consist
Ira ofE.sympat
ONER
ISSI
COMMbeen
New York's four channels can hardly be ques- of the listener, wgy could163ultimately have obthe other members of the Commission.
tained the permission of the Commission to
tioned. Wgy might have challenged wham, but
that station has excellent claims to a cleared
continue still later operation simultaneously with
He has firmly opposed the allocation plan, fachannel. It is in an area somewhat more remote
voring apolicy of delay in taking active steps
kgo at night because, due to summer attenuato relieve the broadcasting situation. He inclines
tion, heterodyning is unlikely at that season.
from New York than Schenectady and, therefore, less easily served by the three key stations
Wgy has not been singled out as the only high- to the view that the listener is best served by

RADIO

164
many, low-power stations and fails to appreciate the improved service obtained by a more
powerful signal. He has frequently expressed
the belief that Congress expected the Commission to take several years to investigate the
problems of broadcasting, which indeed it has
already done, before it begins to function.
The progressive members of the Commission,
however, over-ruled Commissioner Robinson's
obstructive tactics and put through the allocation plan, after some compromise, in spite of
him. When hearings over the plan began, Robinson issued a statement: "Having opposed and
voted against the plan and the allocations made
thereunder, I deem it unethical and improper to
take part in the hearings of complaints against
the same or the hearings for the modification of
the same." He did not have the strength of conviction to resign from the Commission, but is
evidently relying upon Congress to support hi m.
ANOTHER ROW
ANOTHER row with Commissioner Robinson was precipitated over the ruling regarding television and still pictures. He stated,
after the ruling restricting still picture and television broadcasting to one hour a day and prohibiting it between six and eleven p.m. was
adopted, that ''the forwardness of manufacturers
could well be curbed for the present. One induced by the order of the Commission to buy a
television receiving set is likely to be so disappointed that he will not only damn the Commission but, at the same time, junk his newfangled contrivance for which he has paid the
advertised price."
The radio industry is indeed fortunate that
Commissioner Robinson was not in power at the
time that broadcasting began in 192 1 because
broadcast receivers of that day were certainly
worthy of the same condemnation. As a matter
of fact, the crude results obtained with presentday television are well known and it is entirely
unlikely that anyone will damn the Commission
for the pioneering character of the art. The
Commission has taken into full consideration
the importance of protecting the listener from
intrusion during entertainment hours by prohibiting picture transmissions between six and
eleven p.m.
Conservatism is considered a characteristic
of the English people, particularly of the Government itself. The British Broadcasting Corporation, however, which collects its income
through the Government and takes no important action without its approval, has been progressive enough to inaugurate regular picture
broadcasting.
It is no wonder that rumors of Commissioner
Robinson's impending resignation frequently are
heard from Washington. We believe, however,
that these rumors are rather an expression of the
hope of progressively minded people.
It is always desirable to have conservative
influences present in any regulatory board or
commission but, when the cause of conservatism
is lack of knowledge of the subject, it is not
always a helpful influence. Commissioner Robinson is thoroughly sincere and has the courage
of his convictions in the face of preponderant
opposition. His unfortunate situation demonstrates the hampering result of appointing novices to a job requiring experts.
The Regenerative Decision

e Court of the United States
THEhas Suprem
ruled that Dr. Lee deForest, and
not Edwin H. Armstrong, is the original
inventor of the oscillating vacuum-tube circuit.
Considering that the Armstrong and Fessenden
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patents were the foundation of the Westinghouse
Electric and Manuafcturing Company's membership in the five-power patent pool, it would appear that its present exalted position in the radio
field is insecurely based. Anyone who examines
the evidence placed before the Supreme Court,
however, would discover a curious thing. They
would find that Armstrong claimed to be the
first to produce the device which we call the
feed-back oscillator and was using it for receiving
signals over thousands of miles as early as January, 1923. They would discover that deForest
never claimed to have set up such a radio circuit until April, 1913, when he claimed he received
signals over a distance of twenty miles. Nevertheless, bya technical legal process, he has been
declared the inventor. The decision is based upon
a strictly technical interpretation of the term
"inventor" as the first to observe and record
the invention or discovery. Apparently, Dr. de
Forest stumbled accidentally upon the phenomenon of self-oscillations generated by the vacuum tube in the summer of 1912 while working on a wire telephone repeater. With the soft
tube, with which he worked, it is indeed difficult
to prevent the audio-frequency howling which
he observed. Armstrong, at a later date, with
the deliberate mental processes of a research
engineer who knows what he is doing, evolved
the theory and carried out the practice of building the first deliberately designed, radiofrequency oscillator. That he did his work later
than deForest's accidental discovery is no discredit upon him and, despite the decision of the
courts, he will always remain, in the minds of
most engineers, the real contributor. For a technical legal reason, the court could not distinguish between audio-frequency and radio-frequency oscillation and, had this been possible,
there seems little doubt that the decision would
have proved favorable to Edwin H. Armstrong.
It must not be forgotten that this is only
one of many discoveries which have been
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PICTURES TRANSMITTED IN
THREE MINUTES
This picture of Kay Christiansen, chief engineer
of the technical division of Danish Broadcasting,
was transmitted in three minutes by a Danish
radio picture transmitter .
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credited to Armstrong. Among these are the
super-heterodyne circuit, the regenerative system, and the almost forgotten super-regenerative
circuit. It is by no means proved that this
latter will not ultimately be widely used in
radio reception and we hope that Mr. Armstrong
will devote himself again to his brilliant researches, rather 'than to fruitless patent litiThe decision in favor of deForest has no pracgation.tical effect upon the licensing situation inasmuch
as both deForest and Armstrong patents are
covered by RCA licenses, although certain
shop rights acquired by the Kolster Radio Corporation appear to be affirmed.
With the Broadcasting Stations
HP HERE is considerable speculation as to the
A effect the election of Herbert Hoover will
have upon the future status of radio regulation. According to the law, the Commission is
automatically disbanded March 15 and thereafter becomes an appellate body with regulation
residing directly in the hands of the Department
of Commerce. Presumably, before that event
takes place, the allocation plan will be fully
established and the number of hearings will
have fallen off. On the other hand, with Congress coming into session, such political pressure may be brought to bear upon the Commission that many of the stations will renew their
protests and force the Commission back into
its present routine of almost continuous sessions and hearings.
Mr. Hoover is thought to be sympathetic
with Department of Commerce regulation, particularly after the work of the Commission has
become effective, but there are so many political
angles and aspects to the situation that anything
may be expected. The terms of the Commissioners automatically end on March 15 and it
may be hoped that thereafter the entire membership of the Commission will consist of radio
men of the calibre of Caldwell and Lafount.
Lawyers are necessary to the work of the Commission, but they are constituted by nature to
bind themselves with the obstruction of red tape;
energetic and effective tackling of problems in
face of their inherent character is almost impossible. We owe whatever progress has been made
by the Commission in its two-year tenure of
office principally to the two members who are
thoroughly acquainted with the radio phases
of the problem and their ability to persuade
the rest of the Commission to carry out allocations based on engineering rather than political considerations.
A CONFIDENTIAL survey of the effectiveness of commercial broadcasting has been
prepared for the National Broadcasting Company. Most of the statistics released by stations
show general census figures for the prosperity
and business of their alleged service areas.
Others, like the N. B. C. survey, go further and
look into listener preferences as to the hours
and frequency with which they use their radio
receivers and the character of programs which
they prefer. The great fundamental question,
however, which interests the advertiser, is not
the potential audience which he may have,
but the actual sales or goodwill influence of his
program. Surveys should consider the competitive situation which exists for the listener's attention. We are accustomed to thinking of audiences of millions for a particular program, but
calculations, which take into account all the reasons why listeners may not be listening to a
particular program, prove that audiences are
considerably smaller than is generally estimated.
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A further and more serious ioss in the effectiveness of broadcasting is the remoteness of benefit
to the sponsor who has presented an entertaining program. The art of capitalizing the broadcasting effort is the least developed phase of
commercial broadcasting. As the ingenuity of
the devices employed to bring actual consciousness of sponsorship relation to the program offered increases, it will place even greater valuations upon the possibilities of commercial broadcasting.
Another research of great interest has been
prepared by the Dartnell Corporation of Chicago, entitled "The Use and Limitations of
Radio Advertising." After quoting a number of
authorities on the scope and suitability of
broadcasting to various classes of business, it
summarizes for the first time the actual appropriations expended by most leading commercial sponsors over a period of years and classifies them according to the character of each
sponsor's business.
/~~\NE
of the principal
the
Commission
at this test
time, cases
whichbefore
will determine its jurisdiction, is that pending in Chicago. Wok-wmbb has advertised its intention
of going on the air in spite of the fact that the
Commission has denied it a license. The moot
question of property rights with a 20,000-watt
transmitter, representing a considerable investment, issquarely the issue of the case. The District Court for the Northern District of Illinois
denied an application for an injunction against
the District Attorney who was seeking to enforce the Federal Radio Commission's assignment under the new allocation plan on wcrw.
The Court held that wcrw had not exhausted
the avenues provided in the Radio Act for a
consideration of its case before applying for an
injunction restraining the Commission. The
Radio Act was held constitutional in* this decision.

THE
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STATIONS

A RADIO STATION IN THE WILDERNESS
This picture shows the forest camp at Red Lake, Ontario, Canada, which is one of the nine places in that
district where short-wave radio stations have been installed to keep airplanes and forest rangers in the
vicinity in touch with headquarters. The radio shack is in the building next to the tower, the latter being used
to dry hose after a forest fire. The call letters of the station are VEpBD.
series of newspaper advertisements and received inreturn less than $2000 in contributions.
It later employed a network of National Broadcasting Company stations at a cost of $4000,
which brought in $70,000 in contributions. Another experiment, through the Columbia network, involving an expenditure of $2000, brought
in §50,000 in contributions."
Commercial Radio Telegraphy and
Telephony

latest addition to the international
THE
telephone service is the linking of the
United States and Austria by the Bell
System.

THE Federal Radio Commission issued regulations for synchronizing experiments
which are helpful in that they lay a definite
basis for such work in the future. They are rather
stringent, requiring several months of test before the results can be applied under average
broadcasting conditions. In fact, the safeguards
which the Commission has placed on these experiments are so complex that they will discourage any but the most advanced laboratories
from even undertaking such work. However,
the public should be protected against experiments undertaken principally to secure publicity rather than scientific results and, if the
regulations prove too burdensome to promote
progress, the Commission will, doubtless, modify them slightly.

beginning the conTHE Mackay System is aph
struction of radio-telegr
stations to inaugurate commercial and press service between
San Francisco, Honolulu and Manila. This duplicates the existing network of the Radio Corporation of America and is another step in the
intensive competition rapidly developing in
American world-wide communication.

GENERAL Order No. 48, of the Commission
permits stations, licensed to operate during daytime, only, on clear channels belonging
to other zones, to take advantage of the silent
evening hours of the major station. This is a
wise regulation because many of the stations in
the far west, assigned to cleared channels, begin
operation at six or seven p. m. instead of directly
at sunset, thereby leaving valuable hours available, under the new regulation, to the eastern
stations assigned with them.

THE African Broadcasting Company, Ltd.,
which has practical control of broadcasting
in the South African Union, appears at last to
be established on a sound commercial basis, fo
llowing its many vicissitudes of previous years.
The company reports some three thousand new
subscribers and a decrease in the number of
listeners in Johannesburg who have, in the past,
been evading the payment of license fees.

AN INTERESTING sidelight on the comparative values of broadcasting and newspaper
advertising appeal, under very special conditions,
is revealed in the remarks of Scott Howe Bowen
at the National Association of Broadcasters
convention in October. He stated: "The Democratic National Committee spent §35,000 in a

Radio Corporation announces
THE Kolster
successful experiments with a beam antenna, the angle of which may be changed
to compensate fading effects.
Dr. Kolster also announces a small, directreading, radio compass for small vessels which
can take bearings for distances up to approxi-

GENERAL Order No. 51 of the Commission
requires discontinuance of the use of spark
transmitters employing damped waves except
in the case of ship stations. This is the formal
embodiment of the final elimination of what
was once a problem of great proportions, the
interference created by commercial spark stations upon broadcast reception.

With the Radio Manufacturers

mately 25 miles. The over-all height of the
instrument is^only three and a half feet.
THE
Radio repudiated
Manufacturers'
Association
apparently
its agreement
with has
the
National Electrical Manufacturers' Association,
which provided that R. M. A. would review
NEMA standards and thus centralize standardization work in NEMA's hands. It has issued a
25-page leaflet of standards which differ in
minor respects from the NEMA standards and
are not as comprehensively or as satisfactorily
compiled as the 150-page book which has heretofore been the sole standard authority of the
industry. No explanation has been made by R.
M. A. for its attempt to restore chaos in the
standardization situation.
THE details of the new Radio-Albee Orpheum
combination have been announced. A holding company, to be known as Radio- KeithOrpheum with David Sarnoff as Chairman of
the Board, has been formed and two classes of
stock issued, 3,500,000 shares being Class A
and 500,000 Class B, the latter being assigned
to the Radio Corporation for a photofilm license. Dividends will be divided in the ratio
of 1,100,000 shares to Keith-Orpheum, 500,000
to R. C. A. and 200,000 to F. B. O.
NEGOTIATIONS between Columbia Graphophone, Columbia Phonograph, Western
Electric and Electric Research Products Corporation are said to be nearing completion. This
makes
a
to the
R. C. A.'s
associationset-up
with quite
Victorsimilar
Talking
Machine
and
requires only the addition of a film company to
the Columbia group to round it out.
THE R. C. A. has incorporated two export
subsidiaries, the R. C. A. of Argentina, Ltd.
and the R. C. A. of Brazil.
THE bi-annual census of manufacturers
shows a 32.3 per cent, gain in the value of
radio B and C batteries manufactured in 1 927
as compared with 1925. The figures for the two
years were respectively approximately $25,000,000 and $33,000,000.
ATWATER KENT has broken ground for
a new three-million-dollar factory which
will double its output and make it the largest
— E. H. F.
radio factory in the world.
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rHY is the volume control placed in the
r.f. amplifier ?
It need not be; it may be connected
in the antenna-ground circuit, in the r.f. amplifier, in the detector, or in the a.f. amplifier. It
preferably should be connected in a circuit ahead
of the detector, so that the signals may always be
kept below the point where detector overloading
begins. This is particularly important when a
leak-condenser detector is used — because it has
a low overloading limit. It is our guess that 99 per
cent, of the sets now in use have this kind of
detector. If the volume control is placed on the
audio amplifier, that is, after the detector, distortion isliable to result on strong signals, even
though the volume from the loud speaker is low.
This is due to too strong signals being placed on
the detector input.
T HAVE a lyi-type power tube. Is there any ad-*■ vantage in using a iji A-type tube ?
The only advantage is in the improved economics of your radio system. The new tube will
not deliver more volume, nor will it last longer,
nor will it give better quality. It consumes half
the A-battery current; hence, it is about twice as
efficient, if you chose to call the efficiency of the
tube the amount of audio-frequency output it
will deliver per watt of power used up to heat
the filament.
T DROPPED my audio transformer and now the
■*■ quality seems "sour." What is wrong ?
The chances are that your audio transformer
had a high-permeability core made of one of the
new alloys of iron, nickel, etc. It is a fact that
the greatest care in manufacture is necessary
not to lower the permeability of the core material by severe mechanical shocks. When the
permeability is high, a relatively small core and
relatively small amount of wire will produce a
high-inductance winding. When a shock lowers
the permeability, the inductance goes down, and
the low frequencies fall out.
It is a standard physics class experiment to
drop iron rods on a hard floor in such a direction
that at the moment of contact the molecules can
be
orientedfield.
properly
respect to number
the earth'sof
magnetic
Afterwitha sufficient

Questions

NEARLY everyone wants to know the
answer to some one question about radio.
Many want to know the answer to specific
questions, such as " What is wrong with my
set, the tubes don't light?" Others want to
know the answers to general questions: answers which should be obvious but are not.
In this page the Laboratory Staff has attemped to answer a few of the questions that
are asked it many, many times, and in this
paragraph expresses the hope that readers
who have other similar questions will not
hesitate to send them in. — The Editor

no reason why you should throw it in the wastebasket and invest in a new one provided, of
course, a test proves it to be a good tube. Tubes
do not run down in just that manner. The Laboratory has records of a number of Sylvania tubes
which ran on a life test for 1500 hours without
any change in their constants — except a minor
improvement in some of the tubes — and were
then taken off and used around the Laboratory
for months afterwards. Some tubes last 1000
hours, others become anaemic at the end of a few
hundred hours — for no reason that anyone can
state. The tubes may have come from the same
plant and exactly the same run — but something
in their make-up gave them a short life.
If your set seems to have slowly given up its
sensitiveness to weak signals, if it no longer gives

shocks, the iron bar will be found to be permanently magnetized. It is possible that your audio
transformer has become permanently magnetized— which would have the same effect as
sending too much d.c. current through it. It
"saturates" easily.
"LJOIV can I tell if my tubes need replacing ?
-*• According to certain publicity writers a
new tube should be placed in each socket of a set
least once a year — but don't you believe it. Just
because you bought a tube a year ago to-day, is
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out low notes, and if you can't get dx on a crisp
cold December night when your next door neighbor gets pwx, you'd better have your tubes
tested. When the quality seems bad, and the
amplifier overloads easily, look to the 1 7 1 -type
power tube which is probably being run on a.c,
and whose filament has been overloaded so that
it no longer has sufficient electrons to handle
low or loud notes. Any reputable dealer can test
the tubes.

nearer the battery one volt more negative than
the end near the tube. Since all tube voltages
are measured with respect to the negative end
of the filament, this voltage drop is applied to
the grid. We can say, then, that the grid is one
volt negative, meaning that it is actually one
volt more negative than the negative end of the
filament (Eg= — 1). If the coil were attached to
the filament end of the resistor, the grid would be
at the same potential as the filament, and would
be at zero bias (Eg = o). It makes absolutely no
difference in this case if the resistor is in the plus
or minus lead.
When minus B is attached to minus A, the
plate potential is the voltage of the B battery.
When minus B is attached to plus A, the plate
potential is the voltage of the B battery plus the
voltage of the A battery, because plus A is above
the voltage of minus A — which is connected to
the negative filament lead — by the voltage of the
A battery. Thus, if the B battery is 45 volts, and
the A battery is 6 volts, and minus B is attached
to plus A, the plate potential is 45 plus 6 or 51
volts. If the minus B is attached to minus A —
and we prefer such a connection — the plate potential isthe same as the B-battery voltage,
namely, 45 volts. For years telephone circuits
have connected minus B to plus A, but we don't
see any good reason for it except tradition.
/^AN a high-mu tube such as the 240 be used as
an r.f. amplifier ?
Yes, and it will make a good one too. The
trouble is that the amplification will go up a bit
faster than the selectivity, so that the circuit
seems to tune broadly. If a transformer is used to
couple a high-mu tube to another amplifier tube
or to a detector, the turns ratio must be greater
when using a high-mu tube than when using
a 201 A-type tube. An explanation of this turns
ratio business may be found in "Strays from the
Laboratory " September and December.
THAT is a band-pass amplifier ?
W
Strictly speaking it is an amplifier that
admits, amplifies, and transmits only a certain
band of frequencies, say from 50 to 60 kc, and
refuses all other frequencies. Strictly speaking
again, there is no such thing. All band-pass
amplifiers admit a certain amount of currents of
other frequencies, but this amount can be made
quite small. A true band-pass amplifier characteristic would look like Fig. 2, and the amplifier
would consist of a great many stages of filters,
each composed of inductance and capacities.
A band-pass amplifier which does not have a
sharp "cut-off" would look like Fig. 3, and a
sharper one would look like Fig. 4. Both admit
frequencies on either side of the desired 50-60
kc. band but in smaller amounts. Theoretically
it is possible to build a band-pass amplifier with
a flat top and steep sides. Whether or not an
amplifier has such a characteristic in practice has
not been determined in the Laboratory.
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ERE should a filament rheostat he placed,
in the positive or negative lead ? Should the
minus B wire be connected to minus or plus A wire?
Look at Fig. 1 . Here th e resistor, which may be
variable or not, is connected in the negative
filament lead. The bottom end of the coil attached to the grid is connected on the battery
side of this resistance. There is a voltage drop
across this resistance, which makes the end
166
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How is this sensitivity measured? Engineers
IN ALMOST any Sunday newspaper radio set with nothing but adjectives to sell it. Measursupplement you may find something like
have agreed that the sensitivity of a set shall be
ing equipment is available. The Standardization
determined by the amount of signal necessary
Committee of the Institute of Radio Engineers
the following: "Buy Now — a Guaranteed
have practically completed their work in the to produce a standard output. (This "standard
Jumpidyne — Coast to Coast Reception — Wonspecification of Standard Tests. And the public output" is arbitrarily agreed upon as a power of
derful Tone Quality — Hair-Splitting Selectivity
is
being educated by such articles as this. All of 50 milliwatts, which corresponds roughly to fair
ker
Volume" — and so on for about
— Loud-Spea
two columns of variegated adjectives. On
loud-speaker volume.) It is about half the
the next page you may read about another
output that can be obtained from a 1 12type tube without distortion. The set to
make, also "The Finest Receiver on
be measured is, therefore, connected to its
HOW to measure the performance of a radio receiver
Earth" with remarkable distance-getting
ability and marvelous reproduction.
has always been a subject of primary interest. Those
proper A, B, and C voltages and an r.f.
incxperienc d in the field have never been able to see why signal of certain characteristics (400
These picturesque descriptions are undoubtedly works of genius on the part of some simple standards for receiver performance could not cycles at 30 per cent, modulation) imhard-struggling advertising managers, but be set up to give information as definite and useful as that
pressed in the antenna circuit. The indo they help persuade a wavering prospect
to be had from makers of automobiles. Radio engineers
put voltage is varied until the standard
that his only hope of radio blessedness is themselves — who ought to know — have been slow to agree output is reached, and then the input
voltage is measured. Obviously, the more
on what the measurements should be and how they should
to buy a Jumpidyne? It is rather doubtful. At best these masterpieces of word
be made. The author of this article, Mr. Jarvis, who is a sensitive a receiver is, the less will be the
structure do nothing more than attract at- member of the engineering staff of the Crosley Radio Cor- voltage input. Thus, a set having a sensitention. True, attention is the first step in
tivity of 40 microvolts per meter would
poration, discusses the problems of receiver measurement
and tells something about how they are —being
solved.
be twice as sensitive as one having a senThe
Editor.
making
a
sale,
but
it's
a
long
way
to
the
dotted line.
sitivity rating of 80 microvolts per meter.
In reading the curves this point must be
Are such statements logical and proper copy
remembered. The highest curve is the least
in merchandising a radio product? Must
sensitive.
the technical rating of our receivers be
In Fig. 1 are shown three curves taken on three
measured by the ingeniousness of the
which is sufficient reason why our radio receivers
different receivers. These are marked A, B and
should be sold to the public on their own merits.
writers in coining new superlatives? Any radio
C. Notice that the horizontal scale (frequency in
engineer will answer these questions with a
SENSITIVITY MEASUREMENTS
kilocycles) is uniform while the vertical scale
most emphatic "No," and will gladly repeat
his answer if occasion demands. While not easy,
(sensitivity in microvolts per meter) is logarithJDROBABLY
the
most
important
characterperformance characteristics of our receivers can
' istic of a radio receiver is its sensitivity.
mic. mined
[The interm
deterthis "microvolts
manner: If per
one meter"
has a isvertical
be obtained and definitely expressed in numbers.
This is the "mysterious" element that is responantenna
with
an
effective
height
of
10
meters
Curves will be shown later illustrating this point.
sible for distant reception. It's the influence that
is a little over three feet — and a disThere are several good reasons why the "per- has made radio what it is to-day. Even the old — a meter
tant transmitting station impresses a voltage
timers still experience a thrill when tuning in a
formance characteristics" of radio receivers have
not been used much to date. Such measurements
faint signal from across the Atlantic or Pacific. across this antenna of 100 microvolts, the "field
are hard to take. Engineers could not agree as to The sensitivity of a receiver
1 is sort of a magic strength" at this point is said to be 10 microvolts
what measurements were necessary nor how to Arabian rug that takes you,67 via ear at least, to per meter. — The Editor] Obviously C is the best
make them. And, if made and published, the wherever you want to go. There is only one differ- receiver throughout the entire broadcast band,
radio buying public would not know what it
ence. The magic rug could go anywhere — the while the curves of A and B cross and recross,
was all about. All of these objections are rapidly
radio receiver will take you to the distance de- giving A more sensitivity in the middle of the
termined byits sensitivity.
range with B having greater sensitivity at the
being answered; this prophesies the end of the
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extreme ends. With this data in front of
you, which set would you buy? You
should not decide until you know the
value of the other factors, such as selectivity and fidelity. You must know the
prices. And your judgment may be influenced by the appearance, ease of
operation, dealer service facilities, etc.
But to decide definitely, assume the prices
for the various receivers are as follows:
A-SS95, B-$i25, C-$ioo (These are not the
exact retail prices of these receivers, but
are quite close. The exact figures are not
given for obvious reasons. Neither does
this price include fancy cabinets with
which these receivers can be equipped.)
The sensitivity is roughly determined
by the product of the radio-frequency
amplification and the audio-frequency
amplification.
DATA ON SELECTIVITY

5
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cycles. This means that if each receiver
were adjusted to give the same sound
output at 400 cycles, the other frequencies would sound as shown on the curves.
A, B and C are all about alike at high
frequencies. The decrease is due to the
effects previously mentioned. At the low
frequencies B gives the best fidelity
(that's what the extra $25.00 pays for),
with C and A following in order. The
set producing D, in its day, was advertised as having "a marvelous audio system, having straight-line characteristics,
and giving
almost perfect
quality."an Obviously this amplifier
would deliver
awful
wallop at frequencies near 1000 cycles,
but to term this "quality" was a sad (but
still ethical) error.
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THE selectivity of a radio receiver
is the degree to which it rejects
unwanted stations. It is measured by .
the strength of signal necessary to produce Interference Output. (This "Interference
Output" is also arbitrarily agreed upon as a
power of 50 microwatts, which corresponds
roughly to a barely audible signal in the loud

-100 -80 OFF-60 RESONANCE
-40 -20 " *20
+40 +60 + 80 +100
KILOCYCLES
1000 K CKILOCYCLES OFF RESONANCE
FIG. 2
speaker. It has one thousandth the power of the
Standard output.) It is usually necessary to draw
a complete curve to specify the selectivity. The
selectivity curves for the three sets are shown in
Fig. 2. All of the sets were tuned to resonance at
iooo kc. and the signal frequency was varied.
Thus, in the case of set C, a station having a
frequency of 1030 kilocycles would have to have
a field strength of 80 microvolts to cause any
noticeable interference to the listener. The shape
of the curves in Fig. 2 is of more importance than
their actual position. Their positions are determined by their relative sensitivities at this point.
(Notice the order of sensitivity on Fig. 1 at 1000
kilocycles is C, A, B, just as is the order on Fig. 2.)
The curve shapes of Fig. 2 are quite similar. The
curve on receiver C is slightly sharper and this
set, therefore, has the best selectivity. All of these
sets are single-dial control. The queer shaped
curve of A in Fig. 2 is due to the fact that one of
the gang condensers did not track properly.
Proper alignment of this condenser would have
produced much better selectivity.

FREQUENCY IN KILOCYCLES
FIG. I. SENSITIVITY

1929

CONCLUSIONS
\ A / HAT does all this mean? It means
" " that receiver performance (includ§ ing many other factors not touched
upon here) can be measured, it should
be, and will be when the buying public demands accurate technical information regarding the product it is buying. In
purchasing an automobile (radio) the buyer
wants to know more than the number of cylinders
(tubes). He wants to know its ease of handling
(ease of operation), horse power (sensitivity),
riding comfort (fidelity), safety (selectivity), oil
and gas consumption (batteries or powersupply).
Those factors which his experience and judgment
cannot evaluate (such as horsepower — "sensitivity") are rated by the manufacturer and given as
part of the guarantee.
These measurements are difficult to make.
The majority must be made at radio frequencies,
where the slightest mistake means a big error.
They must be made with small voltages and
even smaller watts. (Millionths of a volt and
thousand millionths of a watt). Receivers may
vary in sensitivity, selectivity, fidelity and amplification enormously. There are sets run on
a.c, d.c, generators, and batteries. There are
super-heterodynes, neutrodynes, regenerators,
stabilized receivers, and a host of other "dynes"
and "flexes." Measuring apparatus must be
sensitive, accurate, foolproof and rapid. Human
equations- must be eliminated, as prejudiced
opinions should not be allowed to affect the results.
To what end is this being done by the larger
manufacturers? That radio progress may not
cease and that the customers may know exactly
what they are buying some of the better-known
manufacturers "engineer" their products, but
many others merely build them out of coils,
condensers, screws and cabinets.

As sensitivity is the most important characteristic of a receiver, it was emphasized first. Then
as more stations began crowding the ether, selectivity was the great cry. Low-loss coils and condensers had their day. As the army of listeners
grew they became more critical, until to-day
perhaps the biggest demand of a receiver is
fidelity to the original. Quality and perfectly
flat characteristics probably have been lied about
so much that we are all rather skeptical. However, itis quite safe to say that the audio characteristics ofa receiver (including the loud speakers
— terrible sinners) are by far the weakest link in
the chain of perfect reception. The selectivity of
radio-frequency amplifiers "cuts the sidebands"
and hurts the high-frequency reproduction. The
detector arrangement is also the cause of considerable unwanted distortion.
In spite of many advertisements to the contrary, itis safe to say that an audio amplifier
with a perfectly flat response curve from 30 to
10,000 cycles has never been built into a commercial set. Overloading in detector, amplifier
or speaker is not only common, but customary.
Quality and fidelity are sacrificed on the altar
of volume. In self-defense some acoustic designing engineer may build such a set, and it
probably will employ a 5 -kilowatt tube!
REGARDING QUALITY OF REPRODUCTION
DUT before describing the fidelity of the
receivers A, B and C, one point must be
emphasised. The human ear is probably the least
critical and least perceptive of all the sense organs. Certainly it will
overlook an enormous
/
amount of abuse camou/
LITY
flaged as music, and no
f
FIDE
receiver will sound half
rr 1i
as bad, even to a trained
1 -t
ear, as the fidelity curve
looks to the eye. In
justice to the acoustic
designing engineer, a
fourth curve D, is added
A
/b
v
to the three of the re.Si
ceivers already disu V
cussed. Curve D is
/A
typical of radio sets
/
7/
constructed three years
ago. These curves may
be a little harder to
3 1000
200 FIG.500
understand. They are
FREQUENCY CYCLES PER SECOND
plotted in percentage
response of that at 400
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IN ATTEMPTING to
state our point of view
on the moving -coil
loud speaker in November Radio Broadcast, we neglected
one point of interest — it is brought to our
attention by Zeh Bouck, who says. "There
is one point in favor of the dynamic
speaker which you failed to bring out,
namely, its capability in the way of handling power.
"If volume in excess of that generally
considered adequate for home reception
is desired, a dynamic speaker is practically anecessity. It has been my experience that the best of cones suffer noticeably with even moderate usage and, after
a few months of service, overload on
relatively low volume — a fault that
probably will never characterise a good
moving-coil speaker."
Mr. Bouck is correct, of course. The
ability to stand a lot of punishment in the
form of power is one of the chief advantages of this type of loud speaker, of
which the Jensen, Magnavox, Peerless,
Rola, etc., are good examples. When
using a i7iA-type tube to provide the
volume considered as necessary in most
homes, the dynamic gives the impression
of being able to handle this power withthe
out pin rattle or pole-pieces chattering on
low notes.
We are glad to note that Mr. Bouck recognizes
there is a certain output of power beyond which
it is not necessary to go for home reception.
There are many people who refuse to recognize
such a level; even if they use a 250-type power
tube with full output, they want more. In the
smallest apartments and in the midst of the most
intimate conversation the radio is geared up to
the limit. Many listeners seem to revel in a vast
amount of sound, as others do in a riot of color.
It is the amount of sound that attracts them,
not the form or the sequence of the mixture of
sounds. However, it is true that the complete
benefit of a loud speaker which reproduces low
notes is not secured unless the volume is rather
high because it is only then that the low notes
attain full perfection. But one cannot realise the
full beauty of his automobile motor — if it is a
good one — unless he goes about 75 miles per
hour — but few of us find it necessary to extract the absolute limit of pleasure out of anything.
Many readers have asked what kind of amplifier we use. It is a single 171-type tube with
something less than 180 volts on the plate and
the reproducer is a standard moving-coil loud
speaker in a three-foot baffleboard — and you
never saw a more awkward object. We listen to
symphony concerts, which we believe to be a
good test of the volume range of present-day
broadcasting, and manage to enjoy them without bothering the neighbors.
We understand Eveready (National
Carbon Company) engineers made a
series of tests a year or so ago in which
many listeners, some of them musicians,
voted on the volume level they desired
while a receiver behind a screen was
adjusted in output. The majority indicated a volume corresponding to the
output of a 171 a tube without knowing
what the actual volume level was.

portion of the conductor carrying the
alternating signal current is a part of
the moving system, the force producing
the motion being due to the location of
thisThis,
conductor
a magneticis field."
in our inestimation,
swell. And
now the N.E.M.A. has a definition, and
if the I.R.E. gets up a definition, and the
Bureau of Standards gets up a definition,
and they can all agree upon one which
the National Better Business Bureau will
not object to, we may be able to learn
what a dynamic speaker is. By that time
another craze in loud speakers will probably be on the horizon, and we can repeat the performance ad libitum.
ANY one wanting a
Interesting
Some
pleasant
hour or and
two
of
calculation

Hoid Much
Output Power
is Needed

Laboratory

Formulas
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speculation may substitute values into the expression below
for the turns ratio between secondary
(tuned) and primary in the radiofrequency transformer coupling two tubes
in a conventional r.f. amplifier. The values
of turns ratio and maximum gain for

"if
There is also a feeling, we have heard, at the
General Electric laboratories that a 171 a is all
that is needed for home reception.
Mr. Bouck states that cone speakers do not
stand up under hard usage. We have never run
This Month the Following Subjects
are Discussed in "Strays"
1. HOW MUCH POWER IS NEEDED
2. WHAT IS A DYNAMIC SPEAKER
3. OBTAINING C BIAS
4. THE TASK OF EDITING
5. EMPIRICAL RULES AND FORMULAS
into this difficulty, nor have we seen the similar
trouble that some moving-coil speakers are said
to have, namely, the disintegration of the paper
cone or the leather or rubber circle that attaches
it to the iron frame. Has any reader had an experience ofthis nature?

the tube
its transformer
are functionsof
of
the and
inductance
and resistance
the secondary, and the plate resistance
of the tube. Some constants of German tubes, measured in the Laboratory at the
request of the manufacturer, are given in the
accompanying table, and some coil data will be
found on page 260 of September Radio Broadcast.
R Rd RRp
(Turns ratio)2 = N2= — X tt="

\/RRT
and when this turns ratio
is used, the maximum
possible voltage gain is
K = iN(J.= Vrrp
It is particularly interesting
N = i>-L<» to substitute
into these equations the constants of the German
Seibt tube W-404 which has an amplification
factor of 28.5 and a plate resistance of 41,000
ohms.

AUDIO amplifiers continue
Obtaining C
to absorb the attention of
Bias for a.f.
Howard Rhodes, Technical
Editor of Radio Broadcast.
amplifiers
AFTER
great
deliberation
the
Eg
What Is
Aural Devices Committee ofEp In December, we described some data taken on a
a Dynamic
Ip
the Engineering
Division of two-stage transformer-coupled amplifier made
Rp of which
the R.M.A.,
Paul G. up from Sangamo type-A transformers which
Speaker?
Andres is chairman, ~approves
the following de- proved that a well-designed amplifier does
a
b
l
I
finition of a dynamic loude speaker.
not necessarily give a better response to low
"A Dynamic Speaker is one in which the frequencies when operated out of a low im— 3.0
51
Now let us consider the business of
-— 1.51.5 pedance.
If
—12.0 getting a C bias for an amplifier tube,
— 1.5 not the last stage, by using the voltage
Gin
Type
—
— 4.9.50 drop across a resistor. What is the effect
90
4A15 .13
2.6
10,000
—1
90
9.000
3.7 14.6
4N08 .068
— 3.1.55 on the frequency characteristic of the
13.0 13,000 1,480 90
2.3 10.0
amplifier of bypassing this resistor? The
4H08
.068
135
6.0
4.6
4L15 .125
1,100
6,600 1.000
900
results of Mr. Rhodes' measurements are
1,000
17.0
18,000
6.0
H407 .095
810 13590
2.4
shown in the following table. Clearly
.16
U410 .12
6.0 13,000
4.0 11.0
135
L418
11.0
there is a definite gain in bypassing the
135
8.0
L419 .32
7,300 1,070
5,600
690
1.4 28.5 . 41,000
W404 .16
1,100
resistor — and this gain comes at the
157.5
160
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high frequencies, although
many experimenters have
advocated the use of a
condenser because of im- c
proved low-frequency response. What is the cause?
At high frequencies the
transformer can be looked
upon as in Fig. 2 in which
L, the primary inductance, isshunted by all the
distributed and stray capacities, C, of the circuit.
Li is the leakage inductance, RP is theandtube's
plate resistance
R is
0.8 a
the C-bias resistor. Now
6a+9b+10c
the leakage inductance
and the capacity form
a series-resonant circuit.
(j.h
The effect of L shunted across C is negligible, since it is a high-impedance shunted
across a lower impedance. When the resistor,
R, is not bypassed a considerable voltage is
developed across it, due to the resonant current
tlowing through the resistance in this circuit.
This voltage is introduced into the amplifier so
that it is out of phase with the voltage from the
signal? on the grid of the tube. In other words it
detracts from the amplification at this frequency.
When the resistor is properly bypassed, the
voltage drop here is greatly reduced, and, of
course, the out-of-phase voltage introduced into
the amplifier is reduced, so normal gain is
experienced.
Whether or not the resistor should be bypassed
depends upon conditions. For example, there is
usually a tendency for an amplifier to sing at the
point where the capacity resonates with the
leakage inductance. The tendency for the
amplifier to sing, due to this resonance condition, then, is decreased when an out-of-phase
voltage is introduced, due the C-bias resistor.
Some amplifiers which do not sing when the bias
resistor is not shunted, do sing when it is bypassed. In the case of the amplifier measured
in the Laboratory, there was a gain of 6tu
at 6000 cycles — which went a long way toward
making up the usual loss at this frequency, due
to only ordinary side-band cutting in the r.f.
amplifier.
-.5
With
Without
C
C -.7
Cycles
TU
TU
60
-1.0
-2.5
0
100
-6.0
2000
+.500
1000
6000
FEW writers for and readers
of a magazine like Radio
Broadcast realize the complexity of the tasks of its
editorial and technical staff. Let us consider a
how-to-make-it article, perhaps on a prominent
kit from a well-known manufacturer. The kit
comes to the Laboratory, is tested, accepted, or
turned down. Then the article is looked over,
diagrams are checked against lists of parts, the
photographer is called in, and, after the result of
his labor comes to the office, an "over-lay" is
made, that is, the photograph is overlaid with a
thin sheet of paper and the various condensers,
resistance, coils, etc., are marked with letters
and numbers which correspond with the list
of parts and the circuit diagram. Here is where
trouble begins. The set, the list of parts, the
diagram, and the article which comes from the
outside, from the kit manufacturer perhaps,
seldom — may we say, never? — check. On the
diagram a resistor may be marked as 50,000
ohms, in the list of parts it is 100,000 ohms, and

The task of
Editing Radio
Copy
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9a+10b
ia +11 c
a^N<
FIG. 1

a2N2
in the article itself it may not be mentioned, or
it may have a third value. Which is correct?
A recent article came to the office — late as
usual — and still later came the receiver. LThe
=- list
of parts did not check either the diagram, or
the receiver, although the manufacturer claimed
we would have no trouble because the material
was "just as he sent to his would-be purchasers."
After exchanging several telegrams and longdistance phone calls, a list of parts, a diagram,
and a photograph were assembled which checked
— but unfortunately this list will not check
anything the manufacturer sends out. What is
the reader to do? Why cannot the manufacturer
check his material before it gets into print?
We have a bulletin sent out by a well-known
manufacturer, this time describing a B-power
system which makes it possible to "get away
with" smaller filter condensers. The diagram
sent out with the bulletin gives one value of
condenser; the circuit diagram gives another.
Which is correct? Who knows?
We have another yarn from a publicity writer
of a nationally known organization — we are
going to turn it down — in which the list of parts
gives several items which do not appear on the
circuit diagram, and the diagram gives two items
which do not appear on the list of parts.
The Technical Staff feels that its responsibility
is to the reader. It will get up a list of parts which
will work properly as evidenced by a test in the
Laboratory — and if the manufacturer is foolish
enough to send out material which not only
conflicts with what we print but which contradicts his own printed matter, it is his own fault.
Incidentally, every receiver and power supply
is tested in the Laboratory before it is described
in the magazine — some of them several times,
as well as many aggregations of apparatus
whose descriptions never see the printed page
of this magazine.
THE CONFLICT between
simplicity and accuracy rages
in the soul of every technical
man. Is there not some short
cut to a mathematical or laboratory investigation that will give sufficient accuracy? What

Empirical
Rules and
Formulas
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factor can we neglect in order to obtain the
result sooner, and still not have the bridge we
are designing fall down? It has been said that
nearly any result may be obtained from a
mathematical analysis of a given problem, providing the proper assumptions are made — and,
as every physicist knows, many, many, problemscannot be solved completely at all. There are
always some factors which must be neglected in
favor of others.
In the hunt for simplified methods, certain
empirical rules and formulas appear. Several
have recently been published which are very
interesting. One was in Experimental Wireless
(England) September, 1928, and this was reprinted in Lefax, October, 1928. It related to a
simple tube tester with which a service man
could quickly determine the value of tubes. In
the course of many measurements Marcus G.
Scroggie, who developed the tube tester, discovered that the following expression would
with all modern tubes with a fair degree
of"work"
accuracy.
0.6 V
where Rp is the plate resistance of the tube
IE is the plate current
V is the "lumped voltage" on the
Ro =
The lumped voltage is the effective voltage on
the plate of theplate.
tube; that is, it is the sum of the
voltages Ep (the voltage due to the plate battery) and Eg (the voltage due the grid). For
example, if a tube has 90 volts on the plate, a C
bias of 4.5 volts, and an amplification factor of
8, the lumped or effective voltage on the plate is
V = Ep+m-E,,
= 90+8(— 4. 5) = 54
so that the effective voltage on the plate is 54
volts. Now, if the tube has a plate current of 2.5
milliamperes under these conditions, the plate re—6.45
istance, RP,can
obtainedthisfrom
Mr. Scroggie's
formula. sWe
havebe taken
formula
and com—7.45
puted the figures below which give the measured
and calculated Rp of several tubes and the—1discrepancy between them. The table follows: — 2.3.55
—32.
Tube
% 0
Rp (meas)
Rp (calc)
14,500
12,900
15,500
199
201a
11,000
9,400
8,700
226
171
112a
5,400
+15.4
1,750
250
5,000
4.825
210
2,000
5,000
+8.0
1,430
2,100
Another set of empirical formulas appeared in
October Proceedings I.R.E. and were developed inthe Hazeltine Laboratories by Harold
A. Wheeler. They relate to the inductance of
three types of coils illustrated in Fig. I. The
inductance of the coils may be calculated with
good accuracy by using the formulas on the
diagrams.
For example, the formula for the multi-layer
coil is accurate to within 1 per cent, if the three
terms in the denominator are about equal, the
formula for the solenoid inductance is accurate
to 1.0 per cent, if the length of winding is greater than 0.8 times the diameter, and the formula
for the single-layer spiral or helical coil is accurate to 1.0 per cent, if the dimension (c) is greater than 0.2 the dimension (a). All of the dimensions must be in inches to be used in these
formulas. The inductance of such coils may be
computed with one setting of this slide rule,
and without consultation of complicated tables
or correction factors. — Keith Henney
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Loop-Operated
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FRONT VIEW OF THE AUTHOR'S RECEIVER
ANY set-builders are anxious to construct areceiver which is not bound by
antenna and ground wires to one certain place in the home or in a room thereof. The
place where such wires are available is often the
wrong place for the receiver as a piece of furniture. Or the home or apartment may not provide
a suitable location for an outside antenna. These
fans require a loop-operated super-heterodyne,
but the people we have in mind are not prepared
for the outlay in funds which such a receiver
requires. They are interested chiefly in good tone
quality, and would rather spend what money
they have on the audio transformers, the power
pack, and the reproducer. Still, they have an
occasional desire to satisfy their wanderlust by
listening to stations several hundred miles away.
Consequently, the receiver they need must be
selective enough to cut through locals, and sensitive enough to reach out a thousand miles or
more under favorable conditions. To sum up:
the receiver required must be loop-operated,
yet not an expensive multi-tube set; at the same
time it must be selective, sensitive, and deliver
good tone quality.
The writer believes that the receiver illustrated inthe accompanying pictures and diagram
fills this peculiar and seemingly self-contradictory
order. An examination of the pictures reveals but
a single coil, and even this one coil is minus its
primary winding. Yet this receiver, located
within five miles of kdka with its 50,000-watt
signals, is capable of bringing in wht, separated
by only 30 kc. from kdka, with only a whisper of
kdka's signals audible. Or it can receive the
"Slumber Hour" from wjz, 10 kc. from a 500watt local station, without a trace of the latter's
signals. Broadcasting stations in Texas, Florida,
Nebraska and Canada were brought in with
good volume during the early part of May. The
quality of its detector output is such as to deserve the best of audio amplifiers. In short, it
compares quite favorably with an eight-tube
super-heterodyne which was used in making comparative tests. It did not possess the same degree of sensitivity, of course, but it also lacked
two other things quite noticeably; namely, the
noise that the eight tubes of a super-heterodyne
can make on their own account, and the "repeat
points" which kdka scatters so generously over
the dials of a super-heterodyne.

NOT A FREAK CIRCUIT
THIS receiver is not a freak. The idea for it
was obtained from Mr. Browning's article
in May, 1928, Radio Broadcast, under the title:
"A Two-Tube Screen-Grid Tuner." After applying his suggestions to an old Browning-Drake
receiver which had done remarkably well in
Arkansas, but which kdka had forced into retirement in Pittsburgh, the thought came, "Since
the screen-grid tube is such an efficient amplifier,
why not operate the receiver with a loop?" To
make this experiment an old-fashioned "barrel
loop" was obtained at a mere fraction of its
former list price, and rebuilt into more modern
form by using two curved pieces and two straight
pieces of its frame, plus four triangular pieces of
hard rubber notched to receive the wire.
The loop having been reconstructed, the
antenna and ground wires were disconnected,
and the antenna coupler removed from the
receiver. The loop connections were then made
as shown in the diagram. Kdka was tuned-in,
and then tuned-out almost completely by carefully turning the loop to a ninety-degree angle
to the direction of the station. Three points down
the dials wht was found, then kmox, wsmb, and
others which had been drowned out before. It

HERE is a story by a reader who applied a
screen-grid r.f. stage to a BrowningDrake circuit which he was constructing for
his own use. The result was a set which could
deliver satisfactory signals with a loop antenna. The many readers who are using
Browning-Drake sets of early vintage may
find in this experience article just the information they want to help them in converting
their set to one with greater gain and somewhat increased selectivity. — The Editor.
is the loop, of course, which accounts for the
selectivity of the receiver, and the use of the
screen-grid tube explains its sensitivity.
When the receiver is operated near a powerful
broadcasting station, such as kdka, it is advisable to enclose the entire set in a sheet171

copper box, made by a tin-smith. The shield used
by the writer was made just large enough to fit
snugly around the base, so that the base panel
would lend rigidity to the copper shield. Further
shielding was given the shield-grid tube by using
a Tyrman socket, which is supplied with a shield
made especially for this tube. When a shield is
placed about the entire receiver, the wiring is
arranged as shown in the diagram.
The usual method of mounting the grid leak,
R4, directly across the grid condenser, C4, by
means of clips cannot be employed, as this connection would not permit the tuning condenser,
C2, to be mounted directly on the metal shield,
as the rotor of this condenser, as well as the grid
return of L2, would have to connect with the Fplus wire, unless a 200A-type tube were used. In
this connection it might also be mentioned that
neither shielding nor the turning of the loop will
avail much in keeping out unwanted signals from
a powerful local station if a ground wire is
attached to any portion of the receiver. Fortunately, at least in our case, the removal of the
ground wire from the power pack caused no
increase in hum from the loud speaker.
OBTAINING BIAS
AT ohm
FIRST
a 10tap awas15-ohm
used fixed
in theresistance
negative with
filament
lead of the screen-grid tube, not only to reduce
the filament voltage to the required amount, but
also to supply the necessary grid bias. But 15
ohms seemed to give too much bias, and 10 ohms
did not provide quite enough. Therefore, a 15ohm rheostat, Ri, was converted into a potentiometer, and the grid return of the loop antenna
was connected to the contact arm. After the
proper adjustment of the potentiometer has
once been determined by experimenting, the
knob hardly need be touched again, and so this
potentiometer may be placed on the base panel.
However, in the set illustrated, Ri is mounted on
the front panel and is used as a volume control
on strong local signals, rather than burn the
filament of the screen-grid tube too low by reducing R-i. Either our ear or our imagination told
us that the tone quality was better with this
form of volume control for local stations. Furthermore, we have learned that burning the filament
of a tube too far below its rated voltage does not
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C3,
C4
C5
Ri

C6Two Sangamo fixed condensers, 0.001-mfd
One Sangamo fixed condenser, 0.0002 5-mfd
One Dubilier by-pass condenser, o. 5-mfd
One potentiometer, 15-ohm (The writer used
a Buffalo rheostat after converting it into a
potentiometer);
R-> One Carter midget rheostat, 30-ohm;
R3 One Carter midget rheostat, 20-ohm;
R4 One Durham grid leak, 2-megohm;
One front panel, 7 x 1 8-inch;
One base panel, 7 x 17-inch (Use a 10 x 17-inch
base base
panelpanel);
if the amplifier is to be mounted on
the
One Tyrman shielded socket, screen-grid type;
One Benjamin
Cle-ra-tone socket, ux-type;
tions) ;
One Yaxley cable and connector plug, 7-wire;
Two Carter tip jacks (for loop-antenna connecOne loop antenna, 0.0005-mfd. or 0.0003 5-mfd.
type;
Two National vernier dials, type-c;
One Carter "Imp" battery switch.
The following accessories are required to place
the receiver in operation:
One screen-grid tube, 222-type;
One detector tube, 20iA-type;
One
One storage
B-supplybattery,
unit; 6- volt;

The above is the complete schematic diagram of the r.f. and detector stages of the author's loop-operated
Browning-Drake receiver. The set is operated in connection with the external a.f. amplifier and power
unit described in Fig. 2.
increase the length of its useful life, and we want
the cable are then used as follows: A-plus, ABour rather-expensive screen-grid tube to live minus, Detector plate, B-plus 45-volt, B-plus
to a ripe old age.
90-volt, F-minus for first audio tube, and F-pIus
for first audio tube. The F-minus connection on One a.f. amplifier, with tubes;
If the source of plate voltage is equipped with
One loud speaker.
variable resistors, it will be found well worth
the plug must, of course, be carried to a point on
while to adjust carefully the voltage for the
screen grid and the plate of the screen-grid
tube. The efficiency will be maximum, however,
when both potentials are in the neighborhood
of the figures mentioned on the diagram, so tint
those using dry batteries are also assured of good
results.
Mr. Browning's suggestions regarding neutralizing could not be followed, as the coil used is an
old one, not having the special winding for neutralizing. Iwill
t be noted on the pictures that the
position of this coil has been reversed, not only
to bring the tickler knob into the center of the
panel for appearance sake, but chiefly to shorten
the plate lead. This position of the coil is, of
course, made possible by the removal of the
antenna coupler from the receiver.
Other deviations from the list of parts suggested in Mr. Browning's article, such as C3 and
TOP VIEW OF RECEIVER
C4, do not necessarily indicate improvements,
but that these parts happened to be on hand —
POWER UNIT
the proper side of the receiver switch, so that this
and happened to work.
switch will also control the first a.f. tube.
If a ten-inch base panel is used, sufficient room
will be found on it to add the audio stages, but
THE circuit diagram of the power unit used
LIST OF PARTS
by the writer in connection with his loopwe have found it more desirable to place both
operated
Browning-Drake receiver is given in
audio stages in the power pack, even though the
used by the writer in the conTHE apparatus
Fig. 2. It will be noticed that the power cirpower transformer does not supply filament voltstruction of his loop-operated Browningcuit also includes a two-stage a.f. amplifier.
age for the first audio tube. The seven wires of Drake receiver are given below. In some cases
the various items were
The parts employed in the construction of the
not selected especially unit follow:
for this receiver, but O C2 Two Acme "Parvolt" filter condensers,
2-mfd., 400-volt;
were employed because
One Acme " Parvolt " filter condenser, 8-mfd.,
they happened to be on Cs i-mfd.;
hand. Of course, electri400-volt;
b1 00 ;
cally equivalent parts Ct, C5 Two Acme " Parvolt" by-pass condensers,
may be substituted if Ri One Electrad fixed resistor, 10,000-ohm, type
OF+1
desired.
B-20;
The complete list Ri One Electrad "Truvolt" variable resistor,
follows:
5000-ohm, type T-50;
R3 One Electrad fixed resistor, 2000-ohm, type
Ci t One
Equi\ From
u n eNational
condenser,
R4One
stage; Amperite (Radiall Co.), type i-a;
(Receive/
One AmerTran audio transformer, first-stage;
0.0005-mfd. (Substi- Ti R-76;
tute a 0.0003 5-mfd. T2 One AmerTran audio transformer, secondcondenser if this size
is required
by the T3 One Thordarson output transformer, type
lected) ;
loop antenna se- One Thordarson power compact, type R-171;
Three tube sockets, ux-type;
FIG.
CIRCUIT OF POWER UNIT
C2 tOne
National
Equi- One vacuum tube, 20iA-type;
u
n
e
condenser,
One power tube, i7iA-type;
A two-stage transformer-coupled amplifier is incorporated in the power unit
0.0002 5-mfd.;
One gaseous rectifier tube, BH-type.
designed by the writer for use with his loop-operated Browning-Drake.

A

Simple

A,C»

Operated

By THE

THE following description of a
simple tube tester will be interesting to service men and others who
have occasion to doubt the efficiency of
a tube. The tester determines the mutual conductance of the tube, that is, the
amount of plate current variation with /4
a given change in grid bias, but will
not indicate whether the tube is microphonic, noisy, gassy or, suffering from ■
other common ailments. The tester may &
be plugged into any a.c. socket, provided the voltage and frequency have
the values for which the transformer mmm
is designed.
The circuit diagram shows a transformer which has all standard filament
voltages, including 7.5 for power tubes.
In the Laboratory it is seldom necessary
to test tubes of this sort so a socket for them
was not included in the set-up shown in
Fig. 2. A resistor in the center-tap circuit (and
the cathode of heater-type tube) provides a C
bias for the tube. A switch short circuits part of
this resistor in order to change the C bias and
thus to change the plate current. The mutual
conductance is the ratio between the corresponding plate current and grid voltage changes.
The circuit diagram and the picture show
clearly how the parts of the tester are connected
together. The list of apparatus includes only
standard material, but any other similar units
may be used, of course.
In operation, the tube is placed in the socket
and the tester is plugged into a lamp socket.
This lights the filament and puts a voltage on
the plate. Current flowing in the plate circuit is
read on the meter, M, and in returning to the
center of the filament — or the heater — passes
through the biasing resistors, Ri and R2, which
are connected in series. The values of these resistors are known ; in this case the total resistance
is 4000 ohms. Then the resistor Ri is shorted and
the plate current increases because the bias on
the tube is reduced. The difference between the
two plate currents as read by the meter, divided
by the difference between the two grid-bias
potentials gives an estimate of the mutual conductance. The bias on the tube is calculated by
multiplying the plate current by the biasing

Lamp

FIG. I

LABORATORY

Tester

STAFF

VIEW OF A.C. TUBE TESTER

CT^HE tube tester described on this
•*■ may be used for checking the mutual conductance ofany standard a.c. or d.c. tube.
The tester is plugged into a 1 10-volt light
socket and no batteries of any kind are required. Incidentally, the mutual conductance
is the only important characteristic of a tube
which it is necessary for a service man to
check.
— The Editor

li
resistance in the circuit. As an example let us
give the values obtained in the Laboratory when
a 20iA-type tube was tested. With a C-bias resistance of4000 ohms (3500 plus 500) the 2.45
plate
current was 1 milliampere. When1-5the
5 3500-ohm
resistor was shorted the plate current increased
to 3.1 milliamperes. The two biases were, then,
4000X0.001 = 4 volt and 500 X 0.0031 or 1.55
volts. The mutual conductance is
.0021
Gm —

Tube

.003 1 = 860 micromhos

ACCURACY OF TESTER
^PHE value of mutual conductance obtained
*■ by this tester is not very accurate because
each change in grid-bias resistance changes the
plate voltage as well as the plate current and
the definition of Gm involves holding the plate
voltage constant. In the Laboratory, however,
several tubes were tested and the values of mutual conductances compared with values obtained
on a bridge when the tube was
operated at standard values of bias
and plate voltage. The results outlined below show that the accuracy
is all that is desired for practical
93%
78%
90%
purposes.
Tube type No. tested % accurate
226
201a
112a
171a
'73
The meter used was a Model
301 Weston, 0-5 milliamperes. A
shunt, R3, is provided to89.5"reduce
the sensitivity of the meter by a
factor of three, so that its full-

scale reading is 1 5 milliamperes. A
switch removes this shunt when desired so that lower currents may be
read more accurately. The switch has
a spring in it so that the meter is always shunted until the operator
deliberately removes the resistor, R3.
The value of the resistor varies with
the meter, of course, but a rheostat
may be placed across it and adjusted
until any desired multiplying factor is
secured. Then the wire of the rheostat
used may be cut off and fixed in
position. Between 3 and 4 ohms were
required with the Weston meter.
A small flash lamp is connected
as a fuse in series with the a.c. line
to the plate of the tube to prevent
an accident in case of a short circuit. Incidentally, the meter is in a very dangerous
position in the circuit and it might be wise to
place a short-circuiting strip of wire across its
terminals. Of course, after the tester has been
connected properly the strip should be removed.
However, such a complication was not considered
necessary in the Laboratory and the mortality
of meters has been nil.
The operator will learn very quickly from experience the proper value of Gm for all standard
types of tubes. Then, when tubes fall below this
value they should be rejected or rejuvenated.
He might, as an example, take a new tube, a
very bad tube, and an old tube which still gives
good signal strength. He can test them on this
device and record their mutual conductances.
Any tube which approaches the very bad tube
should be rejuvenated or thrown away.
LIST OF PARTS
HP HE parts actually used in the construction
* of the tester are as follows:
Ti One Silver-Marshall filament transformer,
type 325;
Ri One Ward-Leonard fixed resistor, 3500-ohm,
R2 type
One 507-56;
Ward-Leonard fixed resistor, 500-ohm,
Ri type
One 507-17;
Frost resistor, 4-ohm;
R4 type
One 439;
General Radio center-tapped resistor;
Swi One Frost filament switch;
Sw2 One jack switch, s.p.d.t.;
One dial light and socket;
Two Frost sockets, ux-type;
One Benjamin socket, UY-type;
One wooden baseboard.
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frequency amplifier, and the control
there are very
ESSENTIALLY,
box. The wiring and testing of these
few different types of radio
four units is done at the factory;
receivers, and of these the
each piece of each individual unit
super-heterodyne is unique in that
undergoes several tests and then the
it is the only one in which the numentire unit is tested.
ber of circuits which must be tuned
One of the main features of the
ed
to the frequency of the receiv sigreceiver which is not apparent from
nal is not made greater with an inthe schematic diagram is the opercrease of amplification. In an ordinary tuned radio-frequency receiver,
ating frequency
of the which
intermediatefrequency
amplifier
is 475
if we wish to obtain more gain, we
onal
de
kilocycles. Most set-constructors are
tubes and
have to provi additi
by this time aware of the fact that
tuned circuits, and in operating the
such a frequency allows the receiver
receiver it is necessary that these
circuits always be adjusted to resoto be tuned
as aaway
"one-spot"
instru-of
ment and does
with many
nance with the wavelength of the particular station we desire to receive.
THE ISOTOHE IH A PHONOGRAPH-RADIO CABINET
the annoying repeat points on the
In a super-heterodyne most of the This receiver was designed for use either as a radio set or a phonograph ampli- dial. When such a high frequency is
fier, and, when installed in a cabinet of the type illustrated, full advantage is used, it is absolutely necessary, as
amplification takes place in the
ta\en of its dual entertainment value
mentioned previously, that the
intermediate-frequency amplifier
intermediate-frequency transformers
which always operates at the same
be furnished with a means of compensating
frequency and therefore, does not have to be screen-grid super-heterodyne utilizing nine tubes.
the various tube capacities and the capacities
adjusted when receiving signals of different fre- There is an additional tube which is used
quencies. This is one of the major advantages
when the instrument is employed for phono- of the wiring in the receiver.
The tuning of each transformer in this set is
graph reproduction. The ten tubes of the set are
of the super-heterodyne receiver, and one of the
most important parts in such a receiver is the distributed in the following manner: one 201Aaccomplished by two condensers — one of these,
a small mica condenser, Q, having a fixed value
intermediate-frequency amplifier, for upon its type first-detector tube, one 20iA-type oscillator
of 0.0001 mfd., is connected permanently across
characteristics depend the sensitivity and selec- tube, three 222-type intermediate-frequency
tivity of the set.
the secondary of each intermediate-transformer,
tubes, one H2A-type second-detector tube, one
Accurate matching during manufacture of the
1 i2A-type phonograph-amplifier tube, one I I2A- Ti, T2, T3 and T4, and the other, a small variable
condenser, C2, having a variable capacity of
transformers in an intermediate-frequency amplitype first-stage a.f. tube, and two lyiA-type
0.000025 mfd., is connected in shunt with the
fier, is not very difficult if the intermediatepush-pull a.f. tubes.
The set itself is composed of four main units, fixed condenser, Q. This system of manually
frequency is low, say 30 to 60 kc. On the other
hand, the disadvantage of using a low inter- namely, the front tuning unit, the screen-grid
tuning the four transformers allows one to admediate frequency in an ordinary super-heterointermediate-frequency amplifier, the audio- tivity.just the intermediate-frequency amplifier easily
dyne is due to the phenomenon of so-called
to the point of maximum sensitivity and selec"repeat points" by which it becomes possible
to tune in most local stations at many points on
In theshield compartments of the intermediatethe dial. A super-heterodyne can be made es- CT'HE H. F. L. Isotone described in this frequency amplifier are the four transformers,
their associate tubes, sockets, resistors, tuning
■*■ article is very different from the standard
sentially "one spot" by the use of a high intermediate frequency, but at such frequencies the design of super-heterodyne hit. Whereas the condensers and twelve 0.5-mfd. by-pass conusual set of this type requires many long
effect of tube capacities, etc., becomes important
densers. The twelve by-pass condensers are of
extreme importance in the proper operation of
and accurate matching of the intermediatetedious hours for its construction, the ten-tube
the amplifier. While their use increases the cost,
frequency transformers during manufacture is Isotone may be completely assembled and
the results seem to justify the expenditure, for
not always possible. When using a high inter- placed in operation in less than one hour! This
the operation of the amplifier is perfectly stable,
mediate frequency it is of advantage, therefore,
is made possible by the use of wired units
and oscillations cannot be produced under any
to so arrange the transformers that they may
which the set-builder fastens to the chassis
and wires into the circuit. The design of the normal operating condition.
be manually adjusted to the point of maximum
sensitivity after the receiver has been completely
set is such that it is almost impossible to make
Immediately to the right of the screen-grid
'74
constructed. Such transformers are used in the a mistake, and the necessary
circuit adjust- amplifier we see the completely shielded audio
H. F. L. Isotone receiver described in this article.
ments are easily accomplished. The Isotone
section of the Isotone. This consists of four transThe following paragraphs will discuss in more
is also efficient when used as a phonograph
formers, four sockets, a by-pass condenser, a
detail the technical characteristics of this set. amplifier.
series resistor and the necessary input and output
—
The
Editor.
Fundamentally, the Isotone is a standard
tip jacks. The first transformer, T5, in the ampli-
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THE ISOTONE SCREEN-GRID "SUPER"
fier section is in the output circuit of the phonograph pick-up unit; it has a turns ratio of 1 to 1.
When the set is being used as a radio receiver,
this transformer and its associate tube is switched
entirely out of the circuit by the automatic control switch, S.
By referring to the schematic diagram, it will
be seen that the plate voltage to the phonograph
tube, and also to the second-detector tube, is
supplied through the resistor, Ri, connected between B-plus terminal of thefirst audio-frequency
transformer and the 135-volt supply lead. This
resistor is bypassed by a i-mfd. condenser.
The audio-frequency transformer, T6, has a ratio
of 5 to 1, and the input transformer, T7, to the
push-pull circuit has a ratio of 2 to 1. The schematic diagram shows that the output of the
loud speaker is taken from opposite ends of the
high-impedance choke, Li.
VIEW OF COMPLETED RECEIVER
THE TUNING UNIT
This picture of the Isotone shows the set with shields in place. It may be noted that the receiver consists
THE long unit immediately in front of the two
of five units which are mounted on a steel chassis
amplifiers contains the tuning circuits. This
disconnected from the circuit. In the reverse
unit consists of the antenna-tuning stage at the front tuning unit. . This metal compartment
left, the oscillator at the right, and in the center
houses a special wire-wound potentiometer, R2, position the Isotone operates as a phonograph
are located the control resistors and the automatic
having a value of 25,000 ohms and serving as a amplifier; the switch connects only the last four
tubes of the instrument, or the audio amplifier,
ballasting switch. The antenna-tuning circuit is voltage divider in the screen-grid circuits. This
and at the same time disconnects the remaining
equipped with detachable leads to the coil, L> — a control allows any potential from o to 675 volts
six tubes in the radio section of the set.
highly desirable feature inasmuch as it permits
to be placed upon the screen grids of the tubes.
the operation of the set on either a loop or an out- The other variable control is a 500,000-ohm
One of the interesting features of the controlside antenna. Ordinarily the instrument is
ling system is the 6.6-ohm resistor, R4,
set up for loop operation, but the operator
which is automatically connected across
may employ an outside antenna by simply
the filament-supply circuit when the
plugging the three flexible connections
audio amplifier is being used for phonofrom the coil into three tip jacks in the
graph work. The extreme desirability of
antenna compartment. The antenna may
this arrangement is appreciated when it
is realized that this ballast resistor has a
then be connected directly to the antenna
load characteristic which corresponds with
binding post. This circuit is tuned by
the condenser, C3, having a capacity of
that of the six tubes which are disconnected when the set is being used for
•0.000475 mfd., and the inductance of the
coil Lo is such that the dial reading of C3
phonograph reproduction. This permits
will coincide with those of the oscillator
the use of an A-power unit and the volttuning dial, C4, when the two dials are
age supplied to the tube remains steady
PICTURE
WIRING
DIAGRAM
properly matched by means of a small
at all times, regardless of the position of
midget condenser, C5, in the oscillator cir- The design of the Isotone is such that its construction may be the control switch. If it were not for
cuit. These two dials may then be oper- accomplished in less than one hour. The simplicity of wiring is this ballast resistor, the filament voltage
indicated in this diagram which shows all connections which it is would jump suddenly upward when the
ated with readings almost exactly the same
over 85 per cent, of the dial. The oscillator necessary for the set-builder to make in order to complete the six tubes were disconnected, and the recircuits of the five individually wired units
maining four tubes in the audio amplifier
circuit is tuned by a condenser, Q, having a capacity of 0.00025 mfd. The r.f.
would
be
subjected to a filament potential considerably above their rating.
heterodyne voltage is transferred from this volume-control potentiometer, R5, which is
circuit to that of the antenna circuit through the connected across the secondary of the first audioASSEMBLY AND WIRING
frequency transformer.
pick-up coil, L3, which is connected to the centerThe
switch,
S,
in
the
center
handles
several
tap terminal of the loop antenna (or L2 if an
THE assembly of an Isotone receiver is such
antenna is used).
operations. In one position it automatically cona simple procedure that even a novice setnects all of the circuits required to make the
builder would not experience difficulty with the
The controlling devices for the receiver are
task: The main steel base plate is supplied with
Isotone operate as a radio receiver. With this
located in the small metal compartment situated
between the two drum dials in the center of the adjustment, the phonograph-amplifier tube is all necessary holes punched in the proper positions. The assembly operation is started by
simply placing the three main Units down on the
base plate and securing them in position by
means of a few nuts and bolts. Slots have been
cut in the base plate and the terminal strips of
the individual units protrude down through the
slots.
The positions of the terminal strips are such
that when the three units are mounted in their
respective positions, practically all of the connections can be made by means of metal connecting strips which are furnished with the kit
Therefore, it is only necessary for the constructor
to slip the thirteen metal connecting strips down
over their respective bolts and tighten them on
by means of nuts. The wiring is then completed
by running the power connections from the cable
receptacle to the proper points on the terminal
strips. There are ten wires to be connected in all.
The above describes all of the connections which
VIEW OF SET WITH SHIELDS REMOVED
it is necessary for the assembly of the receiver.
The arrangement of apparatus on the chassis of this receiver is shown clearly in the above picture. The
symbols used for the purpose of identifying parts correspond with those used in the text, list of parts, and
There is \" of space between the bottoms of the
individual unit base pans and the top of the
schematic diagram
JANUARY,
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main foundation base plate. All of the
wiring in the receiver (with the exception
of the external power leads), is placed
within this \" of space.
Originally the H. F. L. Isotone was designed as a battery-operated receiver.
The engineers realized that, while electric
operation was highly desirable, a satisfactory receiver would have to be built
around direct current tubes. Tubes of the
a.c. type, and particularly those of the
a.c. screen-grid type, are not considered
by the writer to be conductive to the
best possible results.
Therefore, in designing the Isotone
particular attention was paid to stability,
ease of operation, and economy in operaion. When a receiver was realized on a
direct-current basis which furnished these
desirable factors, it was decided that the
practical way of electrifying such a set
would be by a dry power-supply unit
furnishing all A, B and C voltages.
POWER SUPPLY UNIT

JANUARY,

BROADCAST

1929

One assembled and wired tuning unit;
One assembled and wired screen-grid amOne
plifier;assembled and wired audio amEight shield cans with tops;
plifier;
One
base assembly plate;
One drilled and engraved front panel;
tached);
One
seven-wire cable and socket;
Two gold escutcheons with knobs (atTwo dial lights (inside of drums);
Two large walnut switch knobs;
One small walnut switch knob;
Two steel panel supporting brackets;
Twelve plated connecting strips;
Fifty-five 6-32 hexagon brass nuts;
Fourteen f-inch hexagon spacer studs;
screws;
Fourteen f by 6-32 inch r.h. machine
screws;
Six j by 6-32 inch f.h. black machine
THE POWER UNIT
This power unit, which was designed especially for use with the
Isotone receiver, supplies all necessary grid, filament, and plate
potentials. The A current is obtained from a dry rectifier unit,
and a 280-type tube is employed to provide the B voltages

THE Model 5 ABC power supply was
designed as a special current-supply
device for the H. F. L. Isotone. The A voltage is
furnished by an Flkon dry rectifier unit operating in conjunction with large filter chokes. The
power supply also furnished plate potentials of
50, 135 and 180 volts for the plate circuits of the
various tubes. In addition to these voltages there
is also a connection marked "90 volts" which has
an individual variable resistor as its controlling
device. From this terminal any voltage from o
to 180 volts may be obtained. Thus, the unit will
deliver a set of voltages which will operate
practically any receiver in existence to-day.
Regarding the performance of the receiver.
In an actual test in the City of Chicago on
October 22nd, 1928, the Isotone brought in

station pwx, Havana, Cuba, with full loudspeaker volume for a period of one hour starting
at nine p. m. Central Standard Daylight-Saving
Time. The temperature at this time was around
fifty degrees, and it is estimated that at this
same hour over twenty seven local stations
were operating.
LIST OF PARTS
THE Isotone receiver is sold only in semicompleted form as described in this article;
that is the various units are supplied completely
assembled and wired. However, it may be well to
list the actual parts of the H. F. L. kit just as
they come to the set-builder:

Four
6-32 copper
inch r.h.
Elevenf by
tinned
lugs;machine screws;
Six feet push-back wire.
Assuming A.C. operation, the consories;
structor will require the following acces-

Three 222-type tubes;
Three ii2A-type tubes;
Two i7iA-type tubes;
Two 2oiA-type tubes;
One Model 5 ABC power supply;
One 280-type tube (for the power supply);
tional);Pacent phonograph pick-up unit (opOne
One loop antenna.
For D.C. operation the following batteries will
be required:
One 6-volt storage battery (120-ampere hour);
Two 225-volt C batteries;
Four 45-volt heavy-duty B batteries.

COMPLETE SCHEMATIC DIAGRAM OF RECEIVER
Although the five basic units of the Isotone receiver are supplied will be found a great aid to the set-builder when constructing the
completely wired by the manufacturer, this diagram shows the set, as it follows closely the mechanical arrangement of the parts,
circuit of the entire set. The peculiar arrangement of the diagram The dotted lines of the diagram enclose the shielded circuits
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The Br erne r-T idly 8-20 Radio Receiver
THE Bremer-Tully
8-20 re-of
ceiver consists of model
four stages
radio-frequency amplification followed
by
a detector and a two-stage audio
amplifier.
TECHNICAL DISCUSSION
1. Tuning System
There are four main tuned circuits in
the receiver, consisting of L1C1, L2C2,
L3C3 and LiCi. The fifth tuned circuit, L5C5, is in a sense a wave trap;
itandis filament
not connected
of the between
first r. f. the
tubegridas
the first tuned circuit generally is, but
instead is coupled to the small primary
coil L6 which is connected between the
grid and filament of the first r.f. tube.
It should be noted that the leads
from the neutralizing condensers to
the grid circuits are not connected directly to the grid
of the tube, but in-tead are connected to a tap on the
secondary coils at a point a few turns from the grid
end of the coil, the designers of the receiver having
determined that with such a connection the receiver
is neutralized more easily over the entire broadcast
band. Type 226 tubes are used in all the r. f. stages,
with about 100 volts of plate potential.
2. Detector and audio system.
leak-condenser-type
detector
is used, ofthe3
gridA leak
resistor, Ri, having
a resistance
megohms and the grid condenser, C11, having a
capacity of 0.00025 mfd. The detector tube is a
227-type with about 45 volts on the plate, and its
output
0.006-mfd.
condenser,
C12, to
bypass contains
the r. f. acurrents
directly
to the cathode.
The r. f. choke, L?, also helps to keep the r. f.
currents out of the a. f. amplifier where they might
cause distortion. The choke coil, L7, connects,
through the phonograph jack, J, to the first audio
transformer, Ti.
3. Volume control.
The resistor R4 is the volume control, and it will
be noted that it is actually connected across the
grid-filament
circuit
the first
tube and
also
in series with the
plateofcircuit
of ther. f.second
r.f. tube.
When the movable contact on the volume control is
at the position of maximum volume (2) all the resis-

tance is connected between the grid and filament of
the first tube and there is zero resistance in the plate
circuit. As the arm is moved toward the other
end (1), the resistance connected between the grid
and filament of the first tube is gradually reduced
and at the same time the resistance in the plate
circuit is proportionally increased.
4. Filament circuits.
Filament current for the various tubes in the
receiver is supplied by several filament windings
on
the device,
power transformer
located
in thewith
powersupply
the 226s being
supplied
1.5
volts, the 227s with 2.5 volts and the power tubes
with 7.5 volts. Across secondaries Si and Sjare placed
center-tapped
resistors,
being necessary
connect all the8-ohm
grid and
plate itreturns
to a centerto
point of the filamentcircuit to preventhum. Similarly
a 15-ohm resistance is connected across the 2.5-volt
filament
winding.
Si, supplying
227-typefilament
tubes
and
a 40-ohm
resistance
across thethe7.5-volt
winding, Ss, which supplies the 210-type tubes.
5. Plate circuits.
The plate circuit of each r. f. tube contains an
r. f. choke, marked R.F.C. on the diagram, to prevent any of the r. f. currents passing into the platesupply device.
connected
from The
each by-pass
r. f. chokecondensers,
to ground.Cu,All areof

the r. f. tubes are supplied with the
same plate potential, and the other
plate leads
the receiver and connected
the power between
supply furnish
voltage to the detector and audio amtubes.
6". Grid plifierCircuits.
All tubes in the receiver are biased
by connecting
of thepoints
correctof
value
between resistors
the center
the filament circuits and negative B.
Grid bias for the first two r. f. tubes
is obtained by the voltage drop across
a 770-ohm resistor, R5. The drop across
this resistance is about 6 volts. A similar resistance, Rc, supplies grid bias to
the third and fourth r. f. tubes. Grid
bias for the first audio tube is furnished by the 1125-ohm resistance, R7,
andresistance,
grid bias Ra,
to the
is ob-of
tained
from
the
whichpowerhas tube
a value
770 ohms.
7. Power supply.
The power-supply transformer, Ti, contains a
primary winding, P, tapped for line voltages of 110
and 125, and six secondary windings. A 281-type
half-wave rectifier is used. The filter system consists
of the two choke coils, L» and L9, and the 2-mfd.
filter condensers, Cm, C15, and Cic. Cu has a voltage
rating of 800 volts, and C15, and Cm each have a rating
of 600 volts. The filter circuit is ordinarily closed by
terminals A and B in the power supply. If, however,
a dynamic loud speaker is to be/used, and the field
of this speaker is to act as one of the filter choke
coils, then the connecting link between A and B is
removed and the terminals from the field winding
of the loud speaker are connected to terminals B and
C. The output of the filter system is fed directly to
the plate of the 210-type tube. After reduction by
the resistor,
application to the Ra,
platesthe ofvoltage
the r. isf. correct
detectorfor and
first
audio tubes. One-mfd., 200-volt, by-pass condensers
are connected as indicated on the diagram between
negative B wire and various points in the circuit.
They prevent coupling which might cause distortion.
The power to the receiver is completely controlled
by the switch connected in the primary of the power
transformer.

Dynamic Speaker
CIRCUIT DIAGRAM OF RECEIVER AND POWER UNIT
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The Freshman

'"FHE
modelin QthatFreshman
-1 unusual
it employsreceiver
a 222-is
type screen-grid tube in the r.f. amThe 222-type
tube used but
is onein
designedplifier.for
d.c. operation,
this receiver it is operated on alternating current. The single screen-grid
stage of radio-frequency amplication
istypefollowed
by thetheusual
a.c. detector,
first 227
audioheaterstage
with a 226-type tube, and a 17lA-type
power tube.
TECHNICAL DISCUSSION
1. Tuning system.
This receiver contains only two
tuned circuits, LiO and LiCj, and both
of the tuning condensers are ganged
to a single control. A small midget condenser, Ci, with a maximum capacity of 50 mmfd., is connected in series
with the antenna. The two tuning
controls, i.e., the main dial controlling
Ci and C2, and the vernier adjuster
controlling Ci, are interdependent and
a slight change in one necessitates a
change in the other. It should be noted that the
plate of the detector tube connects through a
fixed condenser, C4, to the lower end of the inductance, L?. The r.f. currents in the plate circuit
must, therefore, pass through C4 to the lower end
of L> and hence through Cs, with a capacity of 0.02
mfd., to ground. These currents in the plate circuit
of the denser
detector
whichin flowing
Ci, connected
the gridthrough
circuittheof conthe
detector, thereby impress on the grid circuit of
this tube a small voltage and causes regeneration
which increases the gain of the receiver.
2. Detector and audio system.
The grid-rectification detector in this receiver,
using a grid leak, Ri, with a value of 2 or 3 megohms,
and a grid condenser, Ci, with a value of 0.00025
mfd., is followed by a two-stage transformer-coupled
amplifier with a 226-type tube in the first a.f. stage
and
a 17lA-type
stage.regenerative
Cs with a
capacity
of 0.02 tube
mfd. inisthepartpower
of the
system mentioned in the preceding section.
3. Volume control.
The volume control consists of a variable resistance, R2, connected between antenna and ground,
and in this position it serves to regulate the amount
of energy supplied to the first r.f. amplifier.

Model 0 Receiver

MODEL Q
4. Filament circuits.
Since four different types of tubes are used in
this receiver it is necessary that the power-supply
transformer contain four separate filament windings.
A 3.1-volt winding, Si, supplies the 222-type r.f.
amplifier, a 2.25-volt winding, S2, supplies the 227type detector tube, a 1.4-volt windings, S3, supplies
the 226-type audio amplifier and a 4.8-volt winding.
Si, supplies the 17lA-type power tube. It is interg to note
of these
voltages
are ofsomewhatestinlower
thanthat
the allrated
filament
voltages
the
tubes
they
supply.
These
low
voltages
are tubes
used
because it has been found that the various
will give satisfactory emission with these potentials
and that their life will be greatly increased.
5. Plate circuits.
platetheof detector
the 222-type
is supplied
170Thevolts,
with 50tubevolts,
and the with
first
audio and second audio tubes with 170 volts. The
screen-grid
of
the
r.f.
tube
is
supplied
with
50
volts.
It will be noted that the 170 volts with which the
platesof the r.f. tube and first audio tube are supplied
is considerably above the maximum value specified
by the standard tube manufacturers. The reason
for the use of these high voltages is probably that
the hum in the output of the receiver is less than
with rated voltages, due to the fact that with high

plate voltages high values of grid bias
can be used and as a result the modulating effect on the grid circuits of any
a.c. hum voltages is proportionately
less. All the plate circuits are bypassed
to ground with fixed condensers.
6. Grid circuits.
Grid bias for the various tubes is
obtained from resistors connected in
seriesouswith
center taps
varifilamentthewindings
on ofthethepower
transformer. The 3.1-volt winding supthe 222-type
in series
with itsplyingcenter
tap tube
a fixedhasresistance,
R i, which supplies a negative potential
of approximately
2.5. tube.
volts There
to the iscon-no
trol grid of the r.f.
bias on the grid of the detector tube
except that due to grid current flowing
throughamplifier
the grid tube
leak, obtains
Ri. The grid
226-type
audio
bias
from the 1800-ohm resistor, R4; the
voltage drop across this resistance
places a negative bias of about 10
volts on the grid of this tube. Negative
bias on the grid of the power tube
is approximately 35 volts and is obtained from the
voltage drop across the resistance, Rs.
7. Power supply.
A 280-type full-wave rectifier is used in the power
supply, this tube being supplied with 400 volts from
the secondary
winding,
on into
the filament from S6. The
outputS«, ofandthe4.8tubevoltsfeeds
the
filter system consisting of a single choke coil, L3,
and the two condensers, C« with a capacity of 2
mfd., and Cs with a capacity of 4 mfd. Cs has a
rating Itof should
2000 volts
and Ce
a rating ofof a1000
volts.
be noted
thathascondensers
far
higher voltage rating than is actually applied to
them are used in order to insure long life without
danger of break down. The output of the filter circuit supplies the plates of all of the tubes except the
detector, and by use of the voltage dividing resistors,
Re andduced R7,
the maximum
output
reto 50 volts
for the plate
of thepotential
detector istube
and the screen grid of the 222-type tube. R6 has a
value of 12,500 ohms and R? is a 10,000-ohm re
sistor.
Note: As this issue goes to press we are informed that
the Freshman Model Q receiver has been superseded by
the model 3Q. The new receiver employs an additional
tuned circuit — The EDITOR.

SERVICING A RADIO RECEIVER

•ervicing

Home-Made
By

IN THE repair of radio receivers the service
man is confronted with two different types
of problems; one manner of trouble is to be
expected in the modern factory-built set, but
it is impossible to anticipate the sort of defect
which may be discovered in a home-assembled
outfit. Fortunately, however, the man who
"rolls his own" is not easily discouraged — he
does not surrender to the extent of requesting
the aid of a service man until he has exhausted
his ideas as well as those of his friends.
In the October article of this series there were
listed, in the order of their importance, the
causes of trouble experienced in the servicing of
factory-made receivers. These disorders as well
as others are encountered in home-made sets.
However, very frequently when called upon to
service sets of this type the poor results will be
found to be caused by (i) the use of an incorrect,
inefficient, or tricky circuit, (2) carelessness in
wiring or assembling of parts, (3) the use of
poorly selected apparatus, (4) improper arrangement of apparatus and wiring, and (5) all sorts
of peculiar conditions which are the result of
lack of knowledge on the part of the novice setbuilder.
From the remarks given in the above paragraph itmay be appreciated that in some cases,
in order to make the set operate properly, it is
only possible to salvage the apparatus and rebuild. However, the usual radio fan is not supercritical when regarding his own work; as a result
a simple repair which will cause the set to operate— even if the performance is poor — is often
considered entirely satisfactory. I might add that
the inexpensive repair almost invariably is pre-

Radio

B.

The third installment
of a series of articles
discussing the problems
of a radio service man
ferred, as the set-builder objects when it is necessary for him to pay for work he should be able
to do himself.
Home-made sets may be divided into three
distinct classes, namely, the completely homemade set, the home-assembled kit set, and the
home-modernized factory-built receiver. The
first type usually presents the greatest problem
to the service man, the kit sets often can be repaired without too much difficulty, and those
which fall in the last class may or may not be
reconditioned, depending upon their design, but
frequently they should have been junked years
ago.

Receivers

AN UNUSUAL SHORT CIRCUIT

\ A / HILE on the subject of home-constructed
' " radio receivers, a few experiences with sets
of this type may be of interest. A set which recently was given to us for repair typifies the unusual conditions which frequently are found.
This particular set was made by a very careful
workman; every connection was carefully sol179
dered, the circuit was correctly
wired, the best
available parts were used throughout, and the
construction was beyond criticism, except for
one detail. An examination of the receiver
showed that each by-pass condenser — they were

of the moulded-bakelite type — was mounted to
the base panel with a machine screw passing
through a hole drilled in the center of the condenser. Of course, drilling the holes through the
condensers caused a short circuit in each case,
thus making the receiver entirely inoperative.
The builder of the receiver, admitting that his
knowledge of radio was limited, explained that in
constructing the set he tried to improve the
mechanical design which was described in a
newspaper radio supplement.
Another interesting experience with a homeconstructed set proved very baffling for some
time. The builder of this set had had considerable
experience in building receivers for himself and
his friends, and he had been very successful in
most cases. However, the set in question proved
to be his Waterloo. On the surface the construction of this set appeared to be perfect, but an
electrical test showed many shorts throughout
the circuit, The wiring was checked from beginning to end and it was found to be correct in
every particular; nevertheless, shorts were existant in all parts of the circuit. Finally it was discovered that the front and base panels of the set
were made of "self-shielding" material (these
panels present the appearance of bakelite, but
are imbedded with a wire mesh) which was as
effective in short circuiting the various parts as
an uninsulated metal chassis would have been.
After insulating the apparatus and wiring from
the wire mesh in the panels the set performed
perfectly.
A third experience concerns a home-constructed "Hi-Q 28" kit set which was wired for
operation with a. c. tubes. The set was carefully
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was installed in the set perfect results were
operating properly except that signals cannot be
constructed by a man who had had considerable
radio experience, but it refused to function. No obtained.
picked up. In the repair of the receiver the conThe Atwater Kent model 20 receiver is not the
denser may be omitted from the circuit if another
error was found in the wiring diagram which
is
not available, as little or no difference will be
was studied carefully, and an electrical test failed only set in which by-pass condensers are apt to
noted in the results.
to disclose the trouble. However, it was discovbecome shorted upon the addition of a B-power
Short circuits in accessories, such as loud
ered that with the antenna connected to the grid unit, as the trouble is experienced frequently
speakers, lightning arrestors, extension cords,
of the detector tube, the set would pick-up sig- with many old-type receivers. In this connection
etc., should receive some mention at this time as
nals, but with the shields in place and the an- the writer would suggest replacing the by-pass
devices of this type are the cause of considerable
tenna connected with the antenna post the set condensers of old sets with new condensers,
which are capable of withstanding a higher vol- trouble and it seldom occurs to the service man
was "dead." After considerable checking it was
to look for shorts
found that a 0.0002 5-mfd. by-pass condenser had
tage, before installing a B-supply device.
-T in these parts of the circuit
accidentally been connected in shunt with the
While on the subject of B-supply devices a This is especiallyH true of the loud speaker, and
for this reason it is advisable to connect
secondary of the detector r.f. transformer,
a pair of phones to the output of the set
thus causing the detector circuit to tune
before making further tests. Often it will
to a much higher wavelength than the
be found that the windings of the loud
preceeding r.f. stage which was tuned by
0 SERVICE man — and bis number is legion — can
a condenser on the same shaft as the
bope to succeed completely unless be bas the best of speaker
have become shorted or burnt
1 ator the
cords have become defective.
radio backgrounds. He must know, almost instinctively out,
detector condenser. As soon as this condenser was removed from the circuit the why things go wrong and where to look for the trouble.
TWO INTERESTING OPEN CIRCUITS
The service man can learn only little if he attempts to
receiver provided excellent results.
The troubles located in homeremember — merely — bow a certain trouble was cured; be
HERE recently have come to our
must go back to fundamentals. These articles by Mr.
reconstructed commercial receivers usually are as foolish as those found in other Alcorn, himself a practising service man, are designed not
which are considered of particular interhome-made sets. We were recently called so much to tell service men how to cure specific troubles,
but more to discuss common troubles and their remedies.
est, because in each case the set-checking
upon to repair an old four-tube Garod
reflex receiver, this set having performed
This, we bope, will help to show those who are eager to device failed to detect the defect.
satisfactorily until the owner decided to learn something about what that knowledge must he and The first instance concerns a Radiola
17 receiver, and when the complaint was
improve the quality of reproduction by bow they must apply it.
— The Editor.
received the cause was diagnosed as
substituting new a.f. transformers. However, after the new transformers had been
an opened grid suppressor. However,
an electrical test showed the circuit
installed the volume was much lower than
to be in good condition, even though the set
it had been originally. An examination of wiring short of a peculiar nature which was encountered
disclosed the fact that the first transformer was
in the power circuit of a Freshman Equaphase
lacked volume on all stations, including powconnected backwards, i.e., the secondary winding a.c. receiver might be of interest. In this particuerful local broadcasters. In this case the problar case the receiver behaved in a very strange
lem was solved by the old method of attaching
was connected in the plate circuit.
manner; in the middle of a musical selection the the antenna to the grid of each of the various
The next incident, which concerns a Radiola
r.f. tubes. As soon as the antenna wire was
volume would increase to terrific proportions and
1 7, is more amusing than instructive. The set had
touched to the grid of the second tube signals
an open grid suppressor and it was brought to then die away to a whisper the next moment.
After considerable checking it was found that weTe received: with greatly .improved vofume,
the shop for repair, but when the cabinet was
opened it was found that around each tube was a the trouble was caused by an uninsulated wire thus indicating that the trouble must be located
piece of friction tape which held in place a large which short circuited the detector resistance of in the first r.f. circuit. Finally it was discovered that an open circuit existed in the
square of tin foil. After the grid suppressor had
the voltage-divider strip. However, it was disvolume control which is in the antenna circuit
covered that, as a result of the short circuit, conbeen replaced the set, minus the tin foil decorasiderable current passed through the wire, thus of the receiver.
tions, was returned to the owner, and out of
curiosity we asked his reason for placing the tin producing sufficient heat to cause the wire to
The second open-circuit difficulty was experienced with a Crosley Bandbox receiver, and it
foil on the tubes. He explained that when the set expand and open the shorted resistor. Of course,
when the wire cooled it contracted again and was suspected that the trouble would be found
started to lose volume he thought that the tubes
were at fault. After noting that the "silver plat- shorted the resistor, and then the cycle was re- in the external power-supply unit. The set did
peated. This short circuit proved very difficult
not provide sufficient volume, but the seting" on the inside of some tubes was heavier
to locate as the wire in question was fastened to checking device indicated that the receiving
than
on
others,
he
decided
to
repair
the
"weak"
tubes with tin foil.
the cover of the power unit and nothing out of circuit was satisfactory, and the output voltages
the ordinary could be noted when the apparatus
The novice experimenter who builds receivers
of the power-supply unit were found to be correct
is not the only radio fan who causes trouble for was examined. However, the set tester described
with a d.c. voltmeter. As a last resort the batterythe service man. On the other hand there is the last month proved its values as it detected the voltmeter continuity test was given the set and
ambitious radio fan who adds accessories and
variations in plate voltage.
an open was found in one of the r.f. choke coils.
We have never been able to determine why this
MANIFESTATIONS OF SHORTS
other "gadgets" to his factory-built receiver,
as in many cases this is also the cause of poor
defect did not show up in the test with the setchecking device, but it did not and we were
results. This fact calls to mind a short of a pecuINreceivers
B-supplyshorted
devicesfilter
and condensers
the power andpacks
chokeof forced to spend more time in looking for the
liar nature occurring in an Atwater Kent model
trouble than was profitable. In addition, it was
20 receiver, and in this particular instance the coils make their presence noted by an increased
a.c. hum in the loud speaker. Incidentally the necessary to rewind the choke coil as none of this
trouble was very difficult to locate.
The owner of the receiver purchased a Philco only remedy for such trouble is to replace the type was available at the time.
Another thing which should be remembered in
B-supply unit and for several days he was very defective parts. Also, the writer wishes to state
much pleased with the results. Then, one evening that all radio service men would appreciate it if connection with Crosley Bandbox receivers is
that the external power unit is not of the dry
he returned the power unit to the dealer and
less insulating material were used in the manustated that it would not deliver current, and, as
facture of these units, as the time employed in type; it employs a Merschon filter condenser
which is of electrolytic construction. Because of
no amount of argument would convince him that digging out the defective parts certainly could
be employed more profitably.
the power unit was in perfect condition, he was
this fact the power unit should never be installed
Another shorted condenser which develops on its side, as the electrolyte is apt to seep
given a Bosch power pack in exchange. The next
morning the Bosch unit was returned and the quite frequently in Radiola models 17 and 18 through the cork and cause corrosion. The writer
knows of several cases where this mistake has
customer requested that a service man examine
receivers occurs in a part of the circuit where one
his receiver. The man who tackled the job found
would not be apt to look for trouble. The circuit
been made and in one instance a beautiful maa very unusual condition; both power units diagram of Radiola 17 — it was incorrectly
hogany bookcase was badly discolored. Incidentwould work satisfactorily if, when changing the labelled as the 18 — was given in the first artially, it is never good policy to install power
connections from the batteries to the power unit,
cle of this series (Page 26 November Radio
units on their side when a filament-type tube is
used as a rectifier. In the instructions which are
the tubes were not turned off, but if the tubes
Broadcast). The small condensers designated
were turned off and on the power unit would not by the letters G are the ones which have been
each tube the manufacturer refound defective in a number of instances, G3 supplied with
operate the receiver. Further examination discommends that the tube be operated in a vertical position if maximum life is desired. When
closed ashort circuit in the B + 135-volt lead being the unit which generally is found at fault.
of the set, and it was discovered that a by-pass This short is very difficult to locate the first the tubes are operated in a horizontal position
condenser had blown out. When new condenser
time it is encountered, as the set seems to be the filament is apt to sag and cause trouble.
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The

Service

THE many practising radio service men who
see Radio Broadcast regularly have
praised highly the articles for and by service men which are now a regular feature of this
magazine. Those of our readers working
in this field seem to like "The Service Man's
Corner" especially. "Although I feel confident
to face almost any kind of service problem,"
writes one reader, " I enjoyed reading the first
'Service Man's Corner' and am looking forward
to future issues. All of us need to keep in touch
with what other workers are doing and I feel
I can always learn something from reports of
other's experiences."
Even though some of the suggestions appearing in these pages may seem self-apparent and
too simple to deserve mention, it is possible that
the point covered is so obvious that many
readers have never thought of it. .
A.C. Hum: Some service men tell us that where
they have replaced a.c. tubes in an "electric"
set an unusual amount of hum developed. The
answer is apparently in the fact that some a.c.
tubes or circuits vary slightly in some characteristic and adjusting the resistor responsible for
balancing out the hum will cure the trouble. In
other words, the resistor in question should have
the tap adjusted in the exact center, but in the
case of some tubes, the lowest resulting hum in
operation results when the resistor is adjusted
slightly off-center, the exact point being a matter
of experiment. Many commercial receivers now
are equipped
"center-tapped"
resistors, whichwith
makesvariable
the solution
of this trouble
simple. In servicing less modern sets, it may be
wise where possible to replace the fixed centertapped resistor with a variable unit.
Getting the "lows": It is curious how a condenser across the loud-speaker (leads helps to
bring out these lower notes that everybody is
yelping for. Try different values until the customer yelps out loud. [This stunt will be effective
on low frequencies, but will cut off most of the
highs. — Editor] There is another suggestion I
wish to make at this time: have a routine in
checking a receiver and don't vary from it. I spent
several days learning that a voltage-divider
system
was "open"
in the
supplyroutine.
before
I relearned
the value
of detector
an invariable
The groping was unproductive, but the trouble
was almost at once apparent when the set was
checked systematically. We never seem to learn:
I blew three tubes a few days ago, and repeated
that performance the next day. And yet it's so
easy to remove tubes while working on a set!

Man's

Corner

[What test routine do readers prefer? The best
contributions will be printed. — Editor.]
H.J. Goddard, Ellendale, N. D.
R.T.F. Set Trouble: In servicing an Atwater
Kent, the following trouble presented itself. The
set worked on local stations but the signal
strength was weak. Having eliminated the batteries, tubes, antenna, and loud speaker for
faults, the set itself was inspected. It was a one-

CTJ HIS page marks the second appearance of our
■*■ department exclusively for the practising service man. It is unique, we feel, because for the
most part it is written by the service man himself.
These pages will be a forum where the service man
can discuss his problems, get his pet idea into
print, and see now and then a hint which will he
useful in his daily work. Contributions which
should preferably be short, to the point, and typewritten are solicited and will be paid for if used.
Address your articles to the editor, "Service Mans
— The Editor.
Corner."
dial, three-condenser set. The puzzling thing
was that all continuity tests showed the set to
be ok. By placing my finger on the stator plates
of the first condenser the signals faded out completely; the same result was found in touching
the third condenser. On the center condenser the
signals remained the same. Moving the second
condenser caused little change.
Grasping the center or second r.f. coil, and
forcing it slightly from side to side, the set
worked ok at times. The continuity test showed
no open circuits. By moving each wire connected to this coil a bad connection was located
where the lead was soldered to the coil. The
connection was slightly corroded. The condition
was this: even though this connection passed
22 volts in the continuity test, the corroded joint
would not pass r.f. current because of its high
resistance. After the connection was cleaned and
resoldered the set worked satisfactorily. Such
a condition might not occur in a new set, but
this possibility is well to remember when working
on receivers which have been in use for some time.
— Thomas Glose, Allentown, Pa.
Filament voltage on the CA"-35o: A service man
writes us that he "is having trouble with a new
CX350 tube arcing across between the elements
and wonders if the trouble is general with
others." He continues, "I am using the drop
across a 1 500-ohm resistor for grid bias and
the tube draws 50 mils. On loud signals, there is ,
an arc inside the tube and the milliammeter in
the plate circuit deflects toward the high end of
the scale. I have had three tubes and they all do
theRoger
same M.
thing."
Wise, chief engineer of E. T. Cunningham, has cast some light on the probable
cause of the trouble. He says: "In using the
cx-350 we find that the important precaution of
operatingthe filamentat approximately the rated
voltage is often overlooked. We investigated recently acomplaint of flash-over in an amplifier
18]

in which two of these tubes were being used.
When tested in our laboratory, the tubes in
question operated normally at rated maximum
plate voltage, but when placed in the amplifier
giving the trouble, one of the tubes arced. A
check on the operating conditions showed that
while the plate voltage in this amplifier was
only 375 volts, the filament voltage was 6.0.
As soon as the filament potential was raised to
the rated figure, 7.5 volts, the tube operated
satisfactorily."
Items of Interest
SOME manufacturers tell us that the demand
for power amplifiers for public address work
in its various possible applications is one of the
year's most astounding developments in radio
accessories. The service man and professional
set-builder who is interested in this work ought
to have — in addition to the catalogs of the various makers — the General Radio Experimenter
vol. 3 no. 4 for September, 1928, for the article
"Notes on Group Address System," by C. T.
Burke. Silver-Marshall's The Radiobuilder, vol.
1, no. 6, dated October 9, 1928, describes in interesting detail the new S-M rack-and-panel "P.
A." amplifiers. Jenkins & Adair, of Chicago have
just issued Bulletin No 7 on a microphone mixing
panel which should be useful in more pretentious
public address systems.
fl The Weston Electrical Instrument Corporation have just released descriptions and prices
on testing apparatus for the service man. Their
publications describe Model 537 a.c.-d.c. set
tester, Model 533 Counter Tube Checker (which
is a.c.-operated) and circulars Y and X deportable a.c. and d.c. testing instrumentsscribing
respectively.
What list of equipment do service men feel
is the minimum for field work? Most service
men feel rather strongly on this point and we
should like to have lists submitted. The results
will be tabulated and be published in this department.
^1
Practising service men, especially those who
are working out of a radio store, will find the
excellent loose-leaf tube data book issued by
E. T. Cunningham, 370 Seventh Avenue, New
York, of constant value. These sheets, supplied
in a binder give the following data: name of
receiver, manufacturer's name, model number,
a chart showing location of tubes, socket number
and what part in the circuit each tube plays.
Space is provided on each sheet for notes, and
remarks containing useful data on the set in
question. We are advised that Cunningham will
supply service men with the book, on request.

Sound

Volume

ago an eminent progressive, beSOME ingyears
asked in a locality noted for repeated
industrial warfare what he thought of law
and order, answered to the effect that he thought
it would be all right, but he had never seen any.
Exaggeration often points the way to truth. The
truth about volume control in the sound-movie
field is that in most theatres there isn't any. This
is probably the most serious defect in the technique of audible photoplay reproduction at the
present time. The theatres, in this matter of gain
adjustment, are now at the stage in which broadcasting was in 1923, but the effect is worse, because the combination of sound reproduction
with pictorial action presents more difficult problems than sound reproduction alone.
The principal faults may be summarized as
follows:
(1) General level of speech reproduction too
high.
(2) Failure of volume to follow the action or
to maintain a natural proportionality.
(3) Abrupt jumps from one musical selection
to another as scenes change.
(4) Inability to adapt sound reproduction to
audience reaction in special cases.
Under the first count of the indictment, I may
say that I attend a good many sound-picture
showings in various cities and different sizes of
theatres, and very rarely encounter inadequate
volume of either speech or musical accompaniment. Excessive loudness of synchronized musical accompaniment I hear sometimes, but not
often enough to write an article about it. Unnaturally loud speech reproduction, however, is
rampant. This generally excessive level of speech
reproduction is caused by failure on the part of
the recording experts, projectionists, theatre
managers, and other functionaries to appreciate
the simple fact that speech is usually not as loud
as music. So, in changing from orchestral accompaniment tospeech, during a picture, they
ought to drop the level, perhaps 10 tu. But in
most pictures which have talking portions alternating with music nobody does anything about
this. The result is that even in the top gallery
the speech is absurdly loud. The setting should
be such that in this location conversational
speech from the sound movie machine is loud
enough to be comfortably understandable. In a
house with good acoustics this will not be much
louder than speech of the same sort from an
actor on the stage. Even when this rule is followed the speech may be too loud in the front of
the orchestra, but it will not be as bad as when
the level is excessive up above.
TOO MUCH VOLUME
THIS chronic tendency to oversupply volume
leads to a number of corollary defects One is
a distortional change in voices. An actor playing
a love scene, for example, and talking to a girl
at close range, naturally speaks in a low voice.
His low voice is not the same, in distribution
of overtones, fundamental pitch, and other
characteristics as if he were talking loudly. The
recording operator, perhaps, brings up the gain
control to get above the noise level of his equip-

Motion

Control

Pictures

in the

"Talkies

ment. Then in the theatre some more amplification ispiled on, and the voice issues from the
projectors a few million times louder than at
the beginning. The ear recognizes the fact that

CT'HIS is the first of a series of articles
■*■ dealing with sound motion pictures.
Radio Broadcast was first and alone in its
field to provide intelligent and authoritative
articles on the engineering aspects of broadcasting and we are happy to be first now with
authoritative articles on sound movies. The
latter field is so close to broadcast engineering
that it is proving of absorbing interest to
almost everyone in radio. Pages in this
magazine will regularly be devoted to this
subject.
— The Editor.
something adventitious has happened to the
man's voice. Quiet speech sounds natural only
when it is reproduced at a relatively low intensity. Furthermore, dramatic contrast is lost
when even moderately loud sounds are reproduced heavily. If you deafen the audience with
the amorous murmuring of the lovers, what
more can you do when they begin to shout at
each other, or when the hero pulls a machine
gun out of his trousers and shoots one of his
fellow gangsters? If you are working at plus
10 for sounds of low volume, and you emit 100
times as much energy for a louder sound, the
effect on the ear goes up to plus 30, an increase
of 200 per cent, as far as the ear is concerned.
But if you are already working at plus 40 the
same ratio of increase only brings you up to plus
60, an increase of 50 per cent, to the ear. The
audiences, even though they don't know much
about logarithms, have ears which act logarithmically.
Part of what has been said also has a bearing
on the second point listed above. Fundamentally, the failure to correlate volume with the
action of the play is a fault in recording. Skillful
gain variation in the theatre can make up for
defects in recording, but what we frequently get
is mediocre recording to begin with, aggravated
by bungling in reproduction. One of the faults
frequently mentioned by critics of talking pictures is that when characters go backstage
after a close-up there is no corresponding diminution in the level of their speech. This is something which should be taken care of in recording,
but usually isn't. The close-up is one shot and
the movement backstage very likely another. By
the time the recording engineers are taking the
latter they have forgotten the initial volume, but
the audience, getting the two close together,
notices the incongruity. The remedy lies in
recognition of such defects, more utilization of
instruments, and standardization of technique.
Similarly when an actor turns away from the
audience there is not the change in his voice
which one would expect. The reason usually is
that a second microphone was used to pick him
182

up when he turned away, and the recording
expert neglected to bring down the gain control
somewhat on his transmitter to take care of its
direction with respect to the future audience.
Some of the troubles discussed above involve
refinements in technique and training of skilled
personnel, which cannot be accomplished overnight, but such scandalous defects as abrupt
changes in musical selections are inexcusable. As
long as audiences tolerate such barbarities it
seems there will be producers and exhibitors
foolish enough to perpetrate them. In the meantime other producers will refine their technique
and sell the product to the more far-sighted
theatre proprietors, and when the public becomes
critical the latter will get the business and the
former will be left wondering why their seats are
empty. As yet, unfortunately, the public, has
not become discriminating, and one sees audiences sitting through synchronized pictures in
which, as the scenes change, one musical selection is abruptly broken off and another starts
with full volume in the middle of a bar. These
are the subtle operations of the cutting rooms on
sound film. As originally scored, the picture has
appropriate musical selections fitted to the
various scenes, with suitable transitions and
pauses as scenes change. Further changes being
decided on, pieces are chopped out of the reel.
This may improve the picture (sometimes the
more that is cut out the better the picture becomes) but unfortunately the sound track goes
with the picture, and with it the artistic transitions arranged by the musical director. Of
course these portions might be re-orchestrated,
but the productions have to appear on schedule,
and some of the producers are willing to send
the stuff out as long as they think there is a
chance that the audiences will not get up, throw
the chairs at the screen, and lynch the house
manager
AUDIENCE REACTIONS
ANOTHER difficulty, for which the producers
cannot be held responsible, lies in the uncertainty ofaudience reactions. In one instance
which I witnessed the victim was the illustrious
Martinelli, singing Va Prononcer Ma Mori, from
La Juive,
one of Vitaphone's
operatic
The
tenor appeared
in street clothes
on the shorts.
screen
after being divested of his costume and Hittite
nose. A small audience on a warm Sunday afternoon applauded only moderately and when the
shade of Martinelli implacably offered two or
three bows and synchronized smirks after they
were silent, naturally they laughed. In this case
the projectionist was caught flat-footed. He
should have doused the grateful artist as soon
as the audience indicated that it could bear to
let him go back to the rewinder. Too few bows
are always better than too many. A much harder
problem is encountered in connection with loud
laughter from audiences during comedies. In a
stage comedy when the audience laughs loud
enough to drown out the succeeding dialogue the
actors pause and wait for the roars to die down.
In vaudeville they can laugh with the audience.
{Concluded on Page 200)
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Calibrating a Radio W avemeter
A RADIO laboratory, regardless of how
—
-^small
it may be,or cannot
along without a wavemeter
frequencyget meter.
Such
a meter generally consists of a coil, a condenser,tubeand acircuit,
dial. Ifsoitmuch
is parttheof better.
an oscil-It
lating
Plug Mi
can, then, be used as a source of signals
from which a receiver may be adjusted to
ameter
desired
A good
1.5 ma.1
}
can frequency.
be made from
coilsfrequency
such as
£
the General Radio Company Series 277
which have the dimensions shown in Table 1 .
When attached to a tube, as shown in Fig. 1 ,
with or without a grid current meter, a very
useful frequency standard may be had. The
Plug
problem is to calibrate it. Calibrating such
a meter is a very interesting and instructive
experiment.
- 45
+
L7
LIST OF APPARATUS
■-o- <E
I— lllllh1. An oscillating wavemeter as in Fig. 1.
2. An oscillating detector tube, tuned to
some known frequency in the broadcast
FIG.
band. (See Fig. 2.)
3. An audio amplifier connected to the
output of the oscillating detector.
4. A pair of headphones connected to the output of the amplifier.
TABLE I
Windingof Inductance
1 )iam
Length
Size
Turns
Coil
Wire
21
21
15
0.014 mh
277-A
30
0.055 mh
277-B
21
60
0.217
mh
277-C
27
90
0.495 mh
277-E
PROCEDURE
2J2i1H"'' detector and place within
Connect up the wavemeter and the oscillating
" Connect the detector loosely
a foot or two of each other (See Figs. 1 and223J!2).
to an antenna and pick up a known broadcast station. IfBy" means of a
vernier condenser, or a fine adjustment on the tuning condenser, tune
the detector coupling
to "zero coil
beat"slowly
with andthe seebroadcasting
station.
Move should
away
the
the beat
i—f"iwhich
" stage of
fone
be asantenna
near zero as is possible
to hear in aifquiet
roomnotewith
audio
— changes. Ifstation
so, adjust
tuning
again until
no are
soundtunedis heard.
The broadcasting
and thethelocal
generating
receiver
to the"
same frequency. In the Laboratory a 610 kc. station was used.
U
Now use the broadcast- band coil for the wavemeter, and make its
tube oscillate. Couple the wavemeter and the detector inductances fairly
closely together, perhaps by winding a turn of wire about each and
connecting the turns together. Turn the wavemeter dial slowly, and
mark down on a piece of paper when beat notes are heard in the telephones. Avery loud note will be heard when the two circuits are in exact
resonance (it may be necessary to decrease the coupling to get the exact
dial setting), and another loud note will be heard when the wavemeter is
tunedandto 1220
the double
frequencythese
— or half
wavelength
our case
610
kc. Between
pointsthe several
other— inmuch
weakerat
"squeaks"
may
be
heard.
Put
them
down
but
mark
the
strong
ones
an asterisk. Then use a smaller wavemeter coil and repeat. Put down with
the
squeaks again marking the loudest. At least two loud notes should be
heard, the second and the fourth harmonic, in our case, the 1220 and
2440 kc. points. Repeat for as many coils as are to be calibrated.
If the coils are wound so that each smaller coil has half as many turns
as the preceding one, the beats will occur at the same place on the dial.
That
kc. at on
85 degrees
one coil,
for 1220is, ifkc.weatpick-up
about 85610degrees
the next onsmaller
coil,weandought
so on.to look
Now prepare a table like that in Table 2, in which the numbers along
the topbers,are
secured
whole numsay from
1 to by5, multiplying
and in whichthe thedetector
verticalfrequency
columns byrepresent
the
upper figures divided by whole numbers. Thus in our table, the detector
frequency is 610 kc. Twice this gives 1220 kc, three times 1830 kc, etc.
Reading down, one half gives 305, one third gives 205, etc Then from this
table make a list of the various frequencies that may be looked for in our
calibration, viz., 610, 763, 813, 915, 1016, etc
TABLE 2
2
1
3
4
6
5
3050
1220
1830
1
610
2440
3660
610
2
915
1220
1525
1830
305
813
202.5
406
610
3
1016
1220
4
305
457
610
763
915
152.5
What actually happens as we tune the wavemeter is as follows. We are
listening in the oscillating detector circuit. It is generating not only a
610 kc. current but multiples of this frequency as well, harmonics they
are called.mental, 610These
additional
are much
weaker
the fundakc. When
we tunefrequencies
the wavemeter
to 1220
kc, than
its fundamental
(1220 kc.) beats with the second harmonic of the detector (1220 kc.) and
so we get a squeak. It is also possible for the second harmonic of some
frequency to beat with the third of another, producing a beat frequency
of 610 kc. For example, a beat occurs when the wavemeter is tuned to
763 kc, that is because 763 kc. is the fifth harmonic of 152.5 kc, and 610
kc. is the fourth harmonic of 152.5 kc. (see Table 2).
We now have data showing points on the wavemeter dial where we
heard beat notes, and a list of frequencies at which beat notes should
occur. How can we identify and properly label the points?

Let usinconsider
the broadcast-band
which
the Laboratory
is tuned coil,
by
placing the condenser across only half the
coil so only a small part of the band is
covered. We set down the figures as in
Table 3, and subtract the dial settings as
in Column 2. We heard strong beats at 10.2
and 85 degrees on the dial. We guess that
these are respectively the 1220 kc. and the
610 kc points. Now we note that from 10.2
to the next point is 24 degrees, and that
from this point to the next at 47 is a difference of 13 degrees. If we consider 13 degrees as a unit,
are is6
units between
1220wekc.seeandthat
610 there
kc that
about 100 kc. per unit. So we put down
1220 kc. as the 10.2 degree point, subtract
200 kc. for the next and get 1020, (which
is two units distant), subtract one unit or
100 kc. for the next and get 920 kc, and so
on.
our table
expected
beat Now
notesweandlookfindat that
1220, of1016,
915,
813 and 610 are to be expected. We car.
then
attach
these
frequencies
to
the
I
above points. We can get the frequencies
of
the
other
coil
points
in
exactly
the
same way.
If we wish we may use another method of computing roughly what the
beat frequencies are, and then check them against our table of expected
beats as before. We note that between 10.2 and 85 degrees — a difference
ofof 75about
degrees
approximately
a difference
of 610 kc.between
exists, or 10.2
a difference
8 kc.
per degree. — Then
the difference
and 34
should
give
23.8
X
8
kc.
or
about
190
kc,
that
is
from
1220
to
or 1030 kc. Actually our table shows the frequency to be 1016 kc.1220-190
TABLE 3
Exact
Units
f
f
Dial degrees
Diff.
Diff.
915
920
1220
813
2
1020
34.0
Approx.
23.8
1220
610
47.0
1
13.0
1016
60.0
13.0
1
820
25.0
2
610
•Indicates points on dial where loudest beat notes are received.
10.2*
PROCEDURE
Either set up the apparatus and calibrate it as suggested, or complete
the data85.0in* Table 2. Plot the frequencies against dial setting. Transfer
these frequencies to meters and make a calibration of wavelengths in
meters against dial setting. Make a table similar to Table 2 but calin terms
inductance oculate
f thethe beats
coil (Home
Studyof wavelength
Sheet No. 2 inJulymeters.
1928) Calculate
and from the
it calculate
the condenser capacities at various settings and plot. As a check on the
above data, pick up another broadcast station whose frequency is known
and repeat curve
the calibration.
calibration
check each See
other.how nearly the calculated points and
PROBLEMS
1. Do you know why an oscillating vacuum tube produces harmonics?
If the atnearest
to the actual
"zero is beat"
you can attain
1002.cycles
1000 kc.approach
what percentage
accurate
your calibration?
Whyis
cannot frequencies below about 100 cycles be heard in the receivers?
3. Remembering that wavelength in meters is proportional to the
square meterroot
L times
whatthenis the
capacity That
when is,thesuppose
waveisset atof the
secondC, and
the ratio
third ofharmonic?
the capacity setting of the wavemeter for the second harmonic is C degrees. What will it be for the third? Do you see a way to check your calibration by this method?
Note:
checked. Readers may send the answers to these questions to the Editor to be
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Plotting Power Tube Characteristics

o

o

60
31.5 mA. The voltage variations
"C1 VERY
radio ofexperimenter
knows
the value
the characteristic
across
load under
curves of a vacuum tube. Home
voltage thevariations
are these
from 20grid-to
55 Radio Broadcast Laboratory
100 volts or a total voltage swing
Study Sheets
Nos.
5
and
6
(Sep/
tember Radio Broadcast) tell how
Home Study Sheet 14
of 80 tions
volts
the voltage
across and
the tube
are fromvaria220
these characteristic curves may be
45
-A
made and how one can obtain from
to
140
volts.
50
them the important tube constants.
/
In rentother
the plate
curA V
This Sheet tells us more about the
swingsitsupwords,
and down
•
line about
average
valuethisof load
19.0
~ 35
40
power
tube
in
one's
audio
amplifier.
mA.
and
has
a
maximum
value
31.5
No electrical apparatus is really
\
mA. and a minimum value of 6mA.
necessary for this experiment. Some
The d.c. power used up in the
plotting paper, a rule, and perhaps
a French curve will suffice. All of
plate of the tube is Ep X Ip or the
area of the rectangle EODC and is
the data may be obtained from a
25
single set of figures which show the
equal
numerically
180 power
X .019used=
p
3.42 watts.
Similarlyto the
plate current of a tube as the plate
up in the load is Ip X El or the
voltage is changed, the grid being ! 30
#
area of the rectangle OFBD and
maintained at zero bias. If, howr
ever, the onexperimenter
desiresandto
numerically
is equalpowers
to 60 are
X .019
1.14 watts. These
being=
take data
one of his tubes
\
used
in
heating
the
plate
and
the
1
to carry outperiment, itisthe
the that
exEe
load resistance, regardless of
muchresult
better.of All
whether
there
is
any
a.c.
voltage
on
is necessary is the Ep-Ip curve for
/
the grid or not. Their sum, 4.56
a single value of grid bias (0).
tery.
watts
must
come
from
the
B
batH
DISCUSSION
When an a.c. voltage is applied
B
D
-<
to the grid, a.c. power appears in
The effective voltage. E, on the
the
load resistance. The product
100
120
140
160
180
plate of a tube which does not
C 20 40 60
S— . 200 220 240 260 280 H2of the r.m.s. values of current
have high-resistance load in its plate
through
and voltage across the
circuit is given by E = En + (J-Eg
load will give the power in the
which states in mathematical lanload. The maximum value of the
guage that the voltage on the plate
of the tube is equal to the sum
a.c. voltage, e, across the load is
I
Hg
volts andi, istheOHmaximum
of the voltage due the plate batFIG.
valueor of40 current,
or 1.3
tery and whatever grid voltage
El
'.
mA. Since the r.m.s. value may be
there is multiplied by the mu of
the tube. When the grid bias (Eg) is negative the effective plate voltage obtained by dividing the maximum value by i/2 we may get the power
= 260 m.w.
is less than Ep. That is, the plate current which flows when a 100-volt
plate battery and a negative C bias of 20 volts are employed is less than
X O H 40 X .013
eX i
e X2 i
the plate current which flows when the C bias is zero. How much less
in the load as l/2
—y X l/2
is it? We could tell if we had available the single curve mentioned
above and shown in Fig. 1 (Eg = 0).
For example, let us take the Eg = 0 curve of Fig. 1 which represents This represents the area of the triangle OGH.
the plate current of a tube, similar to the 171, at zero grid bias. Now supSince the d.c. power supplied from the plate battery is constant, the
pose we want toinplot
curve for
for the
E» =effective
— 20. Wevoltage
assume(This
various
voltages
power in the load must be added to the d.c. power used up there, and
and substitute
the the
formula
is called
the a.c.
must be subtracted from the power wasted on the plate of the tube. When
the
is excited by an incoming signal, less power is used up in the tube,
"lumped
we
assume voltage"
Ep = 100,in England). The mu of the tube is 2.8, and suppose and grid
the plate of a large power tube will actually run cooler when signals
are applied to it.
E == 100
Ep +- 2.856 (-20)
PROCEDURE
= 44
Using
the
data
in
Table
1,
plot resistance,
the "family"Rp,of(2)Ep-Ip
curves. load
Assumere(1) the plate
and looking at our curve we note that when Ep = 44, Eg = 0. and the mu = 8, calculate
sistance, Ro, for maximum
undistorted
power output,the(3)proper
the load line,
plate current is 8 mA. Therefore when Ep = 100 and Eg = —20, Ip = 8. AOB, assuming
a plate voltage actually on the tube of 135 and a grid
This is one point for the new curve. Now assuming Ep = 120, E = 120 bias of minus 9 volts.
the d.c. power lost in the tube, and in the
—sufficient
56 = 64points
and theareplate
currentdownis 20to mA.
Thisussystem
until load, and the a.c. powerCalculate
in the load when the grid swings a maximum of
marked
enable
to drawis continued
a line through
6.5
volts,
that
is
from
the
Eg
-2.5-volt line
to the
Eg = and
-15.5them. This line will be parallel to the zero-grid voltage line. Then assume
volt line. Draw in the rectangles =representing
the d.c.
powers,
the
another
bias,like
of say,
representing the a.c. power in the load. Calculate the total power
family ofgrid
curves
that —in 40Fig.volts1. and plot that curve. Finally we have a triangle
Ep
supplied from the B battery, and, assuming the efficiency of the tube and
Now the slope of this line represents the reciprocal of the plate resistance circuit
is the ratio between a.c. power in the load and the total d.c. power
of the tube, that is, the slope = 1/Rp, and a little calculation will show
supplied from a.c.the power
battery,in load
calculate the,mP,
efficiency of the system. (Efficithat Rp for this particular tube = 1620 ohms.
Engineers have shown that the maximum undistorted power output ency = —
;——
X 100':, )
from a tube will be attained when the load resistance, into which the tube
d.c. power from battery
works is twice the plate resistance of the tube, in this case 3240 ohms.
TABLE I
Under these conditions the plate current, goes up and down in accordance
with the input a.c. grid voltages. How much does it vary, what is the a.c.
2.5
5.0
60
power lost on the tube, what is the a.c. power in the load resistance, etc?
11.5
We can find these various values in the following manner.
9.0
40
Eg = 360
3
6
3
11
1. We draw the line AOB which goes through the intersection of the 18011
6
16
volt calline
E? = — 40volt line and has a slope equal to the reciproof thewith
loadtheresistance
in ohms.
11
100
80
120
1
140
I (milliamperes)
I (amperes)
That is, the slope of AOB
16 Ip (m.a.)
E (volts)
E (volts)
M-EgPROBLEMS
16
1
/ i^Eg y
3.24
1. The power output of a tube is equal to
and if we take 60 mA. as the vertical side of a triangle ,we get the horizon1 = 60-=
power output \RP + Ro7
tal, side ,
tromo.^4
h,
'
0
4
32
where Eg is the input r.m.s. voltage. XCalculate
the power output of the
Ro
tube whose characteristics you have plotted. Compare this value with
whence E = 194 and connecting the 60 mA. point on the vertical axis the
value secured from the graphical method.
with the 194 volt point on the horizontal axis we draw a line. Then the
2. Do you know why the area of the triangle is the a.c. power in the
line through 0 is to be drawn parallel to this line.
load?
Now
with
such
a
"family"
of
curves
and
the
"load
line,"
AOB,
we
can
3. the
Using
the above
power
if Roused
= Rpin
tell many things about what happens when the grid is excited with an
efficiency
of theformula
system calculate
using the the
values
of Ep,output
mu, etc.,
a.c. voltage. Suppose the input grid voltage has a maximum value of 20 and
the experiment.
volts. The grid bias is minus 40, the plate current is 19 mA., the voltage
the above formula, plot a curve showing the power output
actually on the plate is 180, and the voltage lost across the load resist- from4. Using
a 171 tube as the input a.c. r.m.s voltage is increased from zero to
ance is 60 (240— 180). In other words EP = CD and El = DB. If the
tube is so biased that no plate current flows, the entire battery voltage is 37 5.volts.Does more power come from the B battery when the grid of the
applied to the tube, that is 180 + 60 or 240 volts. To apply 180 volts to tube is excited?
the tube through a load resistance of 3240 ohms when 19 mA. flows, the
6. Does the output voltage of a B power unit change when the tube
plate battery must be 240 volts or CB.
is supplythea.c.tubepower
— or is thesignals
output
voltage constant regardless of
Now when the grid swings from minus 60 ( — 40 from the C bias and
whether
is amplifying
or not?
— 20 from the maximum negative input a.c. voltage) the current drops
Note: Readers may send (he ansicers to these questions to the Editor to be
tobattery
6 mA.,and and
when
the
grid
becomes
minus
20
(
—
40
from
the
bias
plus 20 from the a.c. input) the plate current increases to checked.
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Photographic

B. MARVIN, during the discussion on
his paper, "A System of Motion Pictures with Sound,"* said, "The latter
i (variable area type of sound record on film) requires asound track which has a high degree of
contrast and that is all. We aim at an exposure
which will give us a density of 1.3 and develop
1 to a gamma of 1, but these are not critical. The
variable density system requires fairly close control of exposure and development in order to
eliminate distortion. . . ."
It is as necessary for broadcast engineers who
are transferring their allegiance to sound motion
pictures to learn something about the photographic end of the business as it is for the movie
people to acquire some familiarity with audiofrequency technique. While almost everyone
knows something about photographic contrast,
development, etc., a more scientific understanding of such terms is required by the professional.
A useful work in this field is Photography as a
Scientific Implement, written collectively by a
group of authors, published by Blackie and Son,
Ltd., in England, and distributed in the United
States by the D. Van Nostrand Company.
Chapter IV, on "The Theory of Photographic
Processes and Methods," by S. E. Sheppard, is
referred to in the present discussion of photographic exposure and development, which is not
intended as more than an introduction and basis
for further study.
We may begin with a few definitions. The
opacity of a photographic image is defined as
the ratio of the incident normal light to the
emergent light. The transparency is the reciprocal of the opacity. It follows that opacity may
theoretically be anything from one to infinity
while transparency varies between zero and
unity, the latter corresponding to perfect transparency. The Briggs logarithm of the opacity
is called the density. The electrical engineer will
note the analogy to transmission of energy along
telephone lines. The ratio of the electrical energy
impressed on a line to the energy received at the
other terminal is analogous to the opacity of a
photographic image in the field of optics, and
the tu method of reckoning transmission loss
and gain corresponds to photographic density,
which is likewise a logarithmic function (See
Radio Broadcast for September and October,
1926, pages 405 to 408 and 506 to 509, respectively, for a discussion of telephonic gain and the
standard transmission unit).
H.

* Transactions, Society of Motion Picture Engineers, XII, No. 33, p. 86, 1928.
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It may be shown experimentally that, approximately,
D = pM
where D is the density, p is a constant, and M
is the mass of metallic silver per unit area on a
negative. The photographic process is essentially
the transformation of silver from the ionic to the
metallic state. The above terminology and relationship were worked out by the photometric
physicists Hurter and Driffield, and they also
introduced the characteristic curve of a plate or
film shown below as Fig. 1, in which densities
are plotted as ordinates against logioE, E being
the exposure, which is the intensity of the light
to which the plate was exposed multiplied by the
time of exposure.

L0G10E
FIG. 2
This photographic characteristic curve which,
it will be noted, is similar in shape to the static
plate current-grid voltage graph of a vacuum
tube, shows the relationship between two logarithmic functions: that of the opacity of a negative and the degree of exposure to light which
produced the opacity. The region convex to the
X-axis at the left is known as the region of underexposure; the middle part, which is sensibly a
straight line, is called the region of correct exposure; the portion to the right where the curve
bends and becomes concave to the X-axis is the
region of over-exposure. In the middle, where the
curve is straight, the slope or tangent of the angle
which the straight line makes with the X-axis
is called the development factor {gamma). It is a
convenient measure of the photometric contrast
of the negative in question, and is also known as
the contrast factor. Mathematically the straight
line portion of the curve is represented by the
equation D = y (logioE — logioi)
where D is the density, T (gamma) the development factor of the negative, E the exposure
(intensity of light x time) and i is a constant
corresponding to the value of the exposure where
the extended straight line cuts the X-axis. If E
is held constant, therefore, it follows that D =
k",', that is, the density equals a constant times
gamma.
However, there is more to the idea of gamma
than the relation of density to exposure. The
chemical development also plays a part, and in
general the value of gamma increases with the
time of development up to a limit of extreme
contrast, called gamma infinity (rM). Fig. 2
shows a family of curves
illustrating the variation of gamma with the185time of development T,
up to the maximum T^. For each time of development there is a definite value of gamma
corresponding to the slope of the line, and a

definite linear variation of density with degree of
exposure. All the curves intersect at the point
logioi on the horizontal axis.
The value of gamma, while it increases with
time of development, does so at a decreasing rate
(since less and less silver remains to be acted on)
and ultimately reaches a limit which is largely
fixed by the constitution of the plate in question.
If plates which have been given a series of exposures increasing in geometrical proportion are
subjected to different development times and
the resulting densities are measured, a graph
of density against time of development has the
saturation form shown in Fig. 3. The decreasing
slope is what would be expected. It is the same
picture as that of a temperature-time variation
in a heat run on a transformer, or many other
chemical and electrical processes.
The should
meaningnowof beMarvin's
above
clear. Itstatement
indicates asthatcitedin
the process of sound recording by the variable
area method the exposure is regulated so that
the density, as plotted in Fig. I, would be about
1.3 (corresponding to an opacity of almost 20)
and subsequent development is timed so that, in
Fig. 2, the appropriate curve would be one making an angle of 45 degrees with the horizontal
axis and therefore having a tangent of 1.0. Of
course, as far as regulation of exposure goes, the
time is fixed by the constant movement of the
film at the rate of 90 feet per minute, but the
result desired may be secured by properly setting
the intensity of the recording light, which is
constant in the variable area system of recording.
In the variable density system, since the recording is accomplished by audio-frequency variations in the intensity of the light source, it is
difficult to avoid wave form distortion caused by
movement above or below the straight portion
of the characteristic of Fig. 1.
To some of the boys who are more given to
reading Liberty than poring over technical
treatises, the above discussion may seem unduly
theoretical. If it seems so, it is merely because
they are not at home in the field of photography,
which, being older than radio, has a more extensive literature and at least as involved a technique. The discussion, as a matter of fact, is most
elementary and less technical, probably, than
much of the broadcast material which has appeared in this department in past years. The
trouble is that it involves penetration of a new
field to those of us who come from the radio side
of the business. An understanding of it is indispensable to anyone who wants to approach such
(Concluded on Page 200)
Characteristic Curve
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FIG. I

GENERAL VIEW OF HOME-MADE

An

Inexpensive

that conof the greatest problemsnter
fronts the average experime
is the
lack of adequate apparatus for conducting the tests that are so vitally important to the
final outcome of the experiment. In nearly all
cases the cost of the apparatus involved in making an experiment which leads to an authoritative
answer places it beyond the reach of the individual. Itwas with the idea of solving this
problem that the writer spent considerable time
in designing the inexpensive audio-frequency oscillator presented in this article.
The various experiments and measurements to
which an oscillator of this type may be put to
use are not only quite varied, but at the same
time quite useful. In connection with measuring
the frequency characteristics of audio-frequency
amplifiers, this oscillator has proved itself indispensable. Amateur or commercial radio stations may use it in place of the usual buzzer to
modulate the carrier. In the broadcasting field,
the oscillator may be used for lining up telephone
circuits which connect the broadcasting station with remote apparatus. Many other uses
may suggest themselves to the experimenter,
such as determining the frequency characteristic
of an audio-frequency transformer, filter coil,
loud speaker, etc.
ONE

THE CONSTRUCTION

AUDIO OSCILLATOR

Audio

In constructing this oscillator, it is first necessary to obtain a Ford ignition coil (or some similar spark coil), such as used on the model T car.
A photograph of this unit is shown at the left in
Fig. i. The wooden housing, which the ignition
unit is molded in, is carefully removed with a
screwdriver. While the process of dismantling
the unit is in progress, an electric soldering iron
CT"HE oscillator which Mr. Stanko de■*■ scribes uses apparatus that nearly every
experimenter has, or can obtain. It will generate audio frequencies from about 60 to
<yOOO cycles, which is sufficient range to conduct any and all. tests on present-day audio
apparatus. In the Laboratory, a similar
oscillator has been in use for several years;
we used a push-pull output transformer
instead of a Ford coil, but the results are the
same. The values of capacity indicated as
C\ in the circuit diagram must be determined
experimentally. The larger the capacity the
lower the generated frequency. The Laboratory
Staff will be glad to learn of other apparatus
of similar nature that experimenters have
developed.
— The Editor.

OF THE UNIT

THE oscillator which is described here is made
up of two component parts, the oscillator
proper and the one-stage amplifier. For practical
purposes it is desirable to have this stage of amplification built in the same housing, and combined with the oscillator to make one complete
unit.

should be kept handy for unsoldering all of the
connections on the inside of the housing. When
the entire housing has been removed, place the
ignition unit in a moderately warm oven. After
it has been given a thorough warming, remove
the unit from the oven and cut off with a knife
all of the surplus insulating compound in which
186

Oscillator

the coils and condenser are imbedded. Remove
the paper condenser and lay aside. It will be
used later. Dig around in the insulating compound until the primary winding of the coil is
located. The primary winding can be easily distinguished from the secondary by noting the size
of the wire. The primary is larger in diameter
than the secondary. When this winding is found,
the wire is pulled out endwise until all of the wire
is removed from the iron core. Care should be
taken not to damage the secondary winding
while the primary is being removed.
When the ignition unit is completely dismantled, as shown in the center in Fig. I, it
will be necessary to locate the secondary leads.
The two outside leads will not be hard to find
as they are at the extreme ends of the two secondary coils. The difficult problem is to locate the
connection that connects the two secondary coils
in series. This connection is usually found between the secondary coils imbedded in the insulating compound. Progress at this stage must
be very slow, as considerable pains should be
taken not to damage any of the windings or
leads. When this connection is located, cut the
connection at the center. Flexible wires are now
soldered to all of the leads that extend from the
two coils.
The unit is now ready for reassembly. The simplest and easiest way of assembling these parts
is to get a tin can that will accommodate the two
secondary coils and the iron core. Place the coils
in the can, one on top of another, slip in the iron
core and center it with respect to the secondaries
with small wooden wedges. Pour the can full of
hot paraffin and let it cool. When the paraffin
has hardened, warm the can over a gas flame or
immerse it in a bucket of hot water. After
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warming the can for a few minutes, turn it upside
down and the unit will slide out in the shape of
the mold. A simple and effective mounting can
be made by getting a copper or brass strip, one
inch wide and six inches long, and bend to shape
as shown in Fig. 3. Twenty or twenty-two
gauge strip will do nicely. As a safeguard it might
be well to mention that if the copper strip is
wrapped with rubber or friction tape the chances
of short-circuiting any of the oscillator connections will be greatly reduced. The assembly
should look like the right-hand view in Fig. 1. at
this stage of the construction.
When using the oscillator for making certain
measurements, the input to the system under
test must be maintained at some constant value.
As the output of the oscillator varies with the
frequency generated, it is obvious that there
must be some means for controlling the power
output of the oscillator. Not only must we have
some means of controlling the gain of the oscillator, but the gain control must be of a type that
will permit the output of the oscillator to be
varied without changing its frequency.
After experimenting with several types of gain
controls, the constant-impedance type was
chosen. This control, R2 in Fig. 4, is composed
of two 600-ohm Federal potentiometers mounted
back to back on a piece of thin bakelite. The
method of mounting them is shown on Fig. 2
A single shaft is used to rotate both of the potentiometers. Ifthe wiring diagram of the constant-impedance control is traced out, it will be
found that as the resistance is increased in one of
the potentiometers, the resistance is decreased
in the other, thereby keeping the impedance,
which is the sum of these resistances, at the same

FIG. 3

value at any position of the control. Two grid
condensers, Q>, are employed in this circuit, a
0.005-mfd. capacity for frequencies below 500
cycles per second, and a 0.00025-mfd. capacity
for frequencies above 500 cycles. A grid leak of
two megohms seems to be about right. The paper
condenser from the Ford coil, C3, is used in the
primary circuit of the audio transformer to keep
d.c. out of it.

INEXPENSIVE

AUDIO

OSCILLATOR
0.005 Mfd

+90

FIG. 4

Volts

This is the complete circuit diagram of the home-made audio oscillator described in this
article. Note that the two 600-ohm potentiometers, R«, are mounted on the same shaft
PRELIMINARY TESTS
0.005-mfd. condenser is connected in the grid
circuit. Move switch Sws so that the o. 171 -mfd.
condenser is across Li. The oscillator should be
WH EN the oscillator and amplifier have been
wired up as shown in Fig. 4, the unit should
now generating a low-pitched frequency around
be given a preliminary test. Connect batteries,
100 cycles. If the oscillator refuses to work at
this low frequency, use a larger grid condenser.
light tubes, place a loud speaker or pair of headphones across the output, then move, switch,
However, it has been found that if the grid condenser was kept at the smallest possible capacity
Swi, so that the 0.00025-mfd. condenser is connected in the grid circuit. Set switch Sw-> on an
that would keep the circuit oscillating, the harmonics were considerably reduced. No attempt
open point, that is, so there is no capacity across
Li. The oscillator should immediately go into
is made to give the exact numerical figures for the
fixed condensers used across Li, as the condensers
oscillation, generating a frequency around fivemanufactured by some concerns vary to such a
or six-thousand cycles per second. If the oscillator
fails to work, check up on the wiring, particularly
degree that it would be entirely out of the quesat the coil connections. If one of the coils is retion to attempt to build an oscillator from direcversed, the oscillator will refuse to work and one
tions given that would be accurate enough for
or the other of the coils must have its connection
calibration purposes without first comparing
reversed. When the oscillator is working properly
the generated frequency with some known
a frequency of about 1000 cycles can be tried.
standard. However, capacities for several freTo do this leave the grid condenser on the
quencies are mentioned.
The oscillator will generate audio frequencies
0.00025-mfd. tap. Move switch Sw2 so that the
0.0001-mfd. fixed condenser is shunted across
from 60 cycles up to six-or seven-thousand cycles
Li. If everything is working properly with this
per second, depending upon the capacity of the
arrangement, a frequency around 1000 cycles
{Concluded on page 200)
should now be heard. Throw switch Swi so the

FIG. 1. METHOD OF REBUILDING FORD SPARK COIL FOR USE IN AN AUDIO OSCILLATOR
The picture on the left shows the spark coil in its original case, the picture in the center shows the secondary coils and core which have
been removed from the spark coil, and the illustration on the right shows the secondary coils and core mounted for use in the oscillator
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to the use of short waves for broadcasting purposes it is possible for the
broadcast listener to hear stations from
distant continents as well as from the far corners
of his own continent. In many such cases the DX
enthusiast wishes to know the distance to the
station which he has heard. This distance cannot
be obtained directly from a map when the sending
and receiving stations are widely separated, but
can be computed by one of the formulas of
spherical trigonometry when the latitudes and
longitudes of the two stations are known. The
computation is somewhat long and tedious, however, and the result obtained may be seriously
in error unless the work is carefully done. For this
reason the chart which accompanies this article
has been prepared for the purpose of making the
computation graphically. The use of this chart
requires no knowledge of trigonometry, and the
result is obtained in very much less time than is
required to compute the distance.
The chart is for determining the distance between any two stations of known latitude and
longitude. Hence, the first step in the use of the
chart is to find the latitude and longitude of each
station. This may be taken from a map with
sufficient accuracy. Then find the algebraic sum
and difference of the latitudes, remembering that
North latitude is plus and South minus, and that
a + (_b) = a — b and a — (-b) = a + b. If
both longitudes are East or West, the difference
of the two gives the difference in longitude; while
if one longitude is East and the other West, the
sum of the two gives the difference in longitude.
This sum should be subtracted from 3600 if it
exceeds 180° in order to find the least difference
in longitude.
Now refer to the chart shown on this page.
This has a series of vertical straight lines
DUE
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for the difference in longitude, and a series of
straight lines radiating from a point at the left of
the chart for the difference of the latitudes of the
two stations. Find the line corresponding to the
difference of the latitudes. These lines are marked
at 10° intervals on their extensions into the space
between the distance scale and the scale for the
sum of the latitudes, and are marked "Z Difference of latitudes". The same line is to be used
whether the algebraic sign of the difference of
latitude is plus or minus. Follow this line to its
intersection with the vertical line corresponding
to the difference of longitude. From the intersection of these two lines, pass a straight line to the
sum of the latitudes on the scale marked "Z
Sum of latitudes," and here again the algebraic
sign is immaterial. This straight line intersects
the scale marked "Distance" at the distance, in
land miles, between the two stations. It is advisable not to draw the straight line with a pencil
since this would confuse the chart for future use,
but to use a stretched thread or a piece of transparent celluloid with a straight line scratched on
it.
A few examDles will help to make this clear.

DIFFERENCE
OF
LONGITUDES

Suppose that it is desired to find the distance
from New York, Lat. 40° 40' North, Long.
740 West, to Melbourne, Australia, Lat. 37°
50' South, Long. 145° East. The sum of the latitudes is40° 40' + (-370 50') = 20 50'; the
difference of the latitudes is 400 40' — (_37°
50') = 780 30'. Since one longitude is East and
the other West, the sum of the two should be
taken, and since this sum, 219°, exceeds 180°
it should be subtracted from 3600 to give 14 1 °.
This is the difference in longitude between New
York and Melbourne measured the short way
around. The line for a difference of latitude of
780 30' is not drawn on the chart but would be
one
the towayits from
the 780 line
the line
8o°
line.quarter
Follow ofthis
intersection
withto the
for a difference of longitude of 1410 which would
be
way point
between
lines forline
1400toand
Fromhalf this
pass the
a straight
the 142°.
sum
of
the
latitudes,
2°
50',
which
is
close
to
the
lower end of the scale for the sum of the latitudes.
This line cuts the distance scale at 10,350 miles
which is the distance from New York to Melbourne. The distance computed from the formula
is 10,360 miles.
A second example is furnished by the distance
from Cape Town, South Africa, Lat. 340 South,
Long. 180 30' East, to Pernambuco, Brazil, Lat.
8° South, Long. 340 50' West. Here the sum of the
latitudes is — 420 and the difference is — 26°. The
difference of longitude is 530 20'. Since the algebraic sign of the sum and difference of the latitudes is immaterial, the line for a difference of
latitude of 260 is followed to its intersection with
the vertical line for a difference of longitude of
53° 20'. A straight line drawn from this point to
420 on the scale for the sum of the latitudes cuts
the distance scale at 3830 miles. The computed
distance is 3827 miles.
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Armchair

.Chats

on

By ROBERT

THE writer now understands perfectly the
feelings of an actor who is pushed suddenly
on the stage and told to "fill" until some
delay back stage can be "unscrambled." Luck is
certainly with him if he has practiced something
that is not included in the regular performance
of the show.
This is a complicated way of explaining that
the article describing a short-wave receiver,
which had been scheduled tentatively for this
issue, has been held over because of some changes
on the part of a manufacturer who suddenly
made it impossible to obtain certain apparatus
which had been selected for use in the final
version of the set. Of course, it would have been
possible to substitute other parts but the time
available prior to publication was insufficient to
permit checking thoroughly the sensitivity and
selectivity of the revised receiver. Therefore, as a
matter of policy the receiver will not be presented, as it is considered unwise to describe a set before ithas been tested, even if one feels sure of the
results. As a result it is a case of " Better late
than — early," and the receiver will retire for the
present in favor of the assorted comments on
short-wave subjects which form the basis of this
month's article.

Short" Wave

Subjects

S. KRUSE

s This month's subjects ,
0 include "Push-Pull Vs. j>
r Back-to-Back Circuits" 5
and "Short-Wave
Reception Troubles"
keep the d.c. plate supply out of the r.f. tuning
system to the left of the dotted line.
In diagram b of Fig. i is the schematic circuit
of a shunt-feed Hartley oscillator with two tubes
connected in parallel. It should be noted that in
this diagram there is no fundamental difference
in the circuit; in fact, the apparatus to the left of
the dotted line has not been changed, nor have
any additional feed chokes been added. It would
even be possible to connect the grids of the two
tubes directly together and use a single grid leak
and condenser. However, smoother operation
usually is obtained with the arrangement shown.

the
power
transformer,
rcenter-tapof
terminal
of which
is connectedTr,to the
the filaments
the two tubes. Therefore, when M is positive
tube No. 1 operates, but at this instant N is
negative and tube No. 2 is inoperative.
THE PUSH-PULL ARRANGEMENT

THE circuit arrangement in diagram d of Fig.
1 shows an oscillator with two tubes conin"push-pull".
arrangement
turesnectedwhich
are similar This
to both
b and c, has
but feathe
operation of the system is quite different from
either of the former circuits. Neglecting the
dotted lines of the diagram and tracing the connections, itwill be noted that the plate power,
which is supplied to the center-tap connection of
the coil Li, flows in both directions through the coil
to the plates of the two tubes. Therefore, the
two plates are at the same potential as far as the
power supply is concerned, but the r.f. voltage
between them is obviously the entire voltage
across the tuned circuit LiQ. Accordingly, we
may say that in diagram c (back-to-back)the
THE BACK-TO-BACK SYSTEM
plates are at opposite sides of the plate-supply
THE diagram of a Hartley oscillator with two cycle, while in diagram d (push-pull) the plates
tubes connected "back-to-back" is given in are on opposite sides of the radio-frequency
diagram c of Fig. I. This circuit appears very cycle. Conversely, the plates of the tubes in the
similar to diagram b but its operation differs
back-to-back system are connected together
Push-Pull Vs. Back-to-Back
through two large condensers and, therefore,
in an important manner, even though the tuning
system to the left of the dotted line has not been
have no r.f. voltage between then, while the plates
changed. Whereas in diagram b the two tubes of the tubes in the push-pull system are conSEVERAL correspondents simultaneously
have requested a brief and simple ex- operate simultaneously, an analysis shows that
nected together by wire and have no lowplanation ofthe differences between " back- in diagram c they operate alternately, due to the frequency voltage between them.
fact that each tube operates only when its plate
In the above paragraph, we believe, the importo-back" and "push-pull" circuits. Unfortunately this is not a subject which lends itself to is positive. A comparison of the two circuits will
tant differences between "back-to-back" and
quickly show the difference between them; in "push-pull" oscillator circuits have been clearly
brief treatment, but in the following paragraphs
an endeavor will be made to cover the more im- circuit b the plates of both tubes are supplied
explained. However, some readers may be interwith current which flows through the choke coil,
portant aspects of the two transmitting systems.
ested in the relative merits of the two systems.
R. F. C, but in circuit c the currents for tubes
Although the term usually is applied to audioWe shall, therefore, devote some space to this
subject.
frequency amplifiers, the "push-pull" system is Nos. i and 2 pass through separate choke
coils, R. F. C.i and R. F. C.2, which are connected
also used in many radio-frequency amplifiers and
An important. feature of the back-to-back sysoscillators. On the other hand, because it is emtem is that by careful adjustment of the various
to the two high-voltage terminals, M and N, of
condensers, choke coils, etc., it is
ployed only in oscillators, the
possible to obtain a r.f. output
"back-to-back" system belongs
with a low modulation, i.e., a
exclusively to the transmitting
fraternity. Both circuits always
good tone. From the viewpoint of
the reader this may prove a very
require the use of at least two
The Japanese Schoolboy's "Q_T Signals
unexpected conclusion, but let us
tubes, but there are several imA T THE late International Radio Conference at Washington, D. C, study the action of the tubes. Inportant differences in the ways
asmuch as the tubes are supplied
the tubes are connected. In order ■*• *■ many curious things were said and done, hut a special height of
to appreciate fully the features of foolish sublimity was attained in the new list of "Q" signals and their with pure a.c. one would [expect
that tube No. 1 would oscillate
the two systems it is necessary to definitions.
briefly for 60 periods each second
It is not known just why anyone felt that it was necessary to tinker
study carefully the circuit diagram
of each. For the purpose of this with the old list, hut one can say with some certainty just who was
— if 60-cycle current is used — and
that tube No. 2 would go through
comparison four versions of the old retained to write the definitions of the abbreviations. It was positively
standby oscillator circuit devised
the same performance while No. 1
Hashimura Togo, Wallace Irwin's Japanese schoolboy. The inspired
is resting, i.e., each tube would
by R. V. L. Hartley have been se- ability to choose the wrong word, the faultless gift for reversed word
lected (see Fig. i).
order, the special genius for associating ideas that have no connection
operate for riv of a second, or
during one half of each cycle (see
In diagram a of Fig. I we have — all are present.
a standard shunt-feed one-tube
diagram a of Fig. 2). If this were
Hashimura has exceeded his Saturday Evening Post performances
Hartley oscillator with a dotted
true the r.f. output of the transin some ways, perhaps because the opportunity was so good. The "Q"
mitter would be similar to the
line separating the tuned circuit, Signals
are so called because they all begin with that uncommon letter,
L1C1, from the tube and its plate and since the meaning of each is purely arbitrary Hashimura had free curve in diagram b of Fig. 2. In
supply, stopping condenser, and
practice, however, this is not exrein. Thus, he was able to use the abbreviation "QSF?" to mean "Is
actly what takes place in the tuned
grid leak. The terminology emmy
automatic
transmission
good?"
and
to
make
the
corresponding
stateployed isstandard, R. F. C. being
circuit, L1C1, of Fig. ic. On the
ment
read
"QSF"
"
Your
automatic
transmission
fades
out,"
Of
other hand, by careful adjustment
course, only God and Hashimura know
the r.f. choke coil, Cp the stopping
1 what conceivable connection
condenser, and Cg and Rg the grid there may be between fading and quality 8of9 keying.
it is possible to make each tube
condenser and leak, respectively.
Again he was able to go through the list of questions, carefully re- oscillate for more than one-half
Of course, it is understood that
and, since this is true, it is
the word "Shall"
from each and replacing it by "Must" to cycle,
evident that the r.f. output may
secure themoving desired
Asiatic flavor.
Cp and Cg both have capacities
larger than the capacities of the
Again he was able — but why go further? Who let this silly set of be much smoother than indicated
in diagram b of Fig. 2, as the
tube; therefore, they do not affect definitions escape without proof reading of a capable sort?— R. S. K.
train of oscillations of one tube
the tuning, but serve only to
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overlaps that of the other tube. Diagram c of
Fig. 2 is an oscillogram of one tube operating for
a period of more than one-half cycle.
PUSH-PULL FEATURES
THE outstanding feature of the push-pull
radio-frequency arrangement is less manifest
than that of the back-to-back device. European
writers consistently inform us that they are able
to produce oscillations of a higher frequency and
better stability with such circuits than with single
tubes. I am quite unable to find similar results in
either regard, nor do I see any theoretical basis
for the belief. It is, of course, quite possible that
the use of series feed via a center-tap connection
may result in smoother tuning over a range of
frequencies, because one avoids the troublesome
natural frequencies and varying reactance of the
feed choke. However, this is beside the case since
the push-pull (or balanced) circuits have no
monopoly over this method of feeding. The pushpull circuits can be shunt fed as suggested by
the dotted lines in diagram d of Fig. 1, and, on
the other hand, single-tube circuits can be fed
without chokes by using a neutral connection of
the tuning system as the feed point. For example,
in Fig. 3 we have the one-tube Hoffman version
of the Colpitts circuit in which one avoids both
plate chokes and grid-leak losses. Incidentally,
this circuit escapes the tiresome tendency of the
push-pull systems to generate two frequencies
near each other but unfortunately not quite the
same.
Short-wave Tuner and Adapter
Troubles

to be considerable confusTHEREion and appears
uncertainty among the purchasers
of short-wave tuners and "adapters" for
short-wave reception. On the one hand perfectly
excellent apparatus is being accused unfairly,
while on the other hand good results are vainly
being sought with equipment that is quite incapable of decent work and which is unfairly
giving the short waves a bad name. Perhaps
it will be well to go over the possibilities and
difficulties.
First of all, what has one a right to expect?
Assuming that one has a well-made set in good
order, there is still no certainty as to the results
which will be obtained. While the reception be-
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A- One Cycle of
Supply Voltage

expectin Ci La
B- What one would
of Fig. 1C

C - One operating
condition
permitting
smooth Output

tween 200 and 550 meters changes greatly between
day and night this change is as nothing compared to the corresponding change on some of the
short waves. Very roughly, wavelengths between
13 and 55 meters may be thought of as the "daylight waves" which work better by day than by
night, but always over rather long distances.
At shorter ranges they are rather unreliable and
often very weak. The waves above 55 meters
have the more normal ability to go further by
night than by day, although between 30 and 60
meters lie waves which not infrequently do good
daytime work. On dark days even 80-meter
waves come through rather well. Thesummertime
shifts the best working wavelengths toward the
shorter end of the spectrum, simply because there
is more daylight. In all cases one may expect rather
rapid changes during sunset or sunrise at either
transmitter or receiver.
With this rough set of rules as a guide one may
begin to listen. However, at this point a very distressing difficulty may develop, namely, a
"soupy" or "growly" audio quality that is entirely worthless as entertainment and often quite
unintelligible. Such things happen in the 200-550
meter region at times, but not often or on all
stations. But on short wavelengths every available station may be affected for an hour, a day, or
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a week, and in some locations the effect seems
permanent! If the latter is the case, and one is
sure that the tuner is not at fault, the short-wave
idea had best be dropped. Usually, however, the
effect is present only a portion of the time, and
even then is seldom as prohibitive as the strong
static which often mars reception on standard
wavelengths.
Assuming now that we have managed to find
signals and that they are decently free from the
"audio-frequency fading" just mentioned, we
may next proceed to determine the usefulness
of the various available signals. On short waves
it will be found that the strength of a signal has
even less relation to the station's distance and
power than is the case between 200 and 550
meters. Thus, at my own location the English
station
is somewhat
stronger though
than wgy's
various 5SW
short-wave
transmitters,
the
latter are but 100 miles away and materially
more powerful. Also, the English station fades
far less. Usually it is the fading which determines
the usefulness of a short-wave signal; if it is very
bad one is subjected to such extreme changes of
volume that all the pleasure is eliminated,
especially as the effect usually carries with it the
so-called "selective fading" which produces
weird and unpleasant shifts of quality.
All this sounds as if the short-wave game
were a most unreliable one and of no real
value. This is by no means the case. If one
will but accept its vagaries, and avoid them
intelligently, when that is possible, one may
hear quite an array of things with a short-wave
receiver that would otherwise not "come in" at
all. No inconsiderable part of this matter will
arrive in good order and with steadiness as is
shown by the occasional rebroadcasting of material received from another continent on a shortwave channel. Such work is usually done with a
powerful initial signal. While it is true that a
weak transmitter does occasionally put a strong
signal into a remote region one still must not
take seriously the claims of a broadcasting station which "broadcasts to the entire civilized
world" with a 50- or 250-watt set.
Having agreed that the short-wave game is
moreof asportand less of a utility than the standard waves, we arrive near the truth. SilverMarshall's
bands"
is cor-of
rect. There isphrase,
no thrill"The
in thethrill
routine
reception
a reliable station — but there is a possibility of a

D-Hartley with Tubes in Push-pull
C-Hartley with Tubes Back-to-back
FIG. I. FOUR POPULAR OSCILLATOR CIRCUITS FOR SHORT-WAVE TRANSMITTERS
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FIG. 3
thrill in fishing about among the short waves, uncertain ofwhat one may land.
TROUBLESHOOTING — IN ADVANCE
IT MUST be repeated that there exists excellent
* short-wave equipment. Roughly it divides
into three classes which can be thought of as (A)
complete receivers, (B) short-wave tuners designed for use in connection with the audio
amplifier of a broadcast receiver, and (C) shortwave adapters designed to autodyne or heterodyne the short-wave into an existing r.f. or i.f.
amplifier, which may then handle it in the usual
way. Since good and bad examples of each exist,
one arrives at rather bewildering conclusions,
making it hard to choose correctly, especially as
the price does not seem to have a direct relation
to the efficiency of the device. Fortunately, it is
possible to lay down some rules that will be of
help.
In types A and B we usually have a detector
with a regeneration control. The coils may be of
the plug-in type or a single coil may be used in
the set. Before purchasing the set see if the regeneration control will cause the detector to oscillate
over the entire tuning range of each coil. It is not
serious if the oscillations fail below 15 meters or
at the extreme ends (5 scale division or so)
of other coils, provided there is enough overlap
between coils so that this does not leave " blank"
waves. Perhaps the best rule is to object if the
set will not oscillate over the entire wavelength
range without howling. The usual means of obtaining correct action should, of course, be tried.
These include the use of a somewhat higher detector plate voltage and the use of several values
of grid leaks between 1.5 and 8 megohms. If
a means of loosening the antenna coupling is
provided that also may be tried, and, if the tube
is under suspicion, it may be changed. A reversed
A battery will also cause trouble. If the set oscillates try the various coils in their sockets to make
sure that a dependable contact exists. Finally,
the tuning control and regeneration knob must
operate smoothly, for, if there is any slipping or
binding whatever, the tuner will be a constant aggravation. When the tuner is connected up it
should be possible to operate both tuning and
regeneration controls without a noticeable noise
in the headset or loud speaker. One expects this
from a standard-wave receiver as a matter of
course, yet little attention seems to be paid to
it by the makers of some of our short-wave jobs.
Type C may be simply a detector oscillating
feebly and tuned to shift the beat-frequency wave
into some existing broadcast amplifying system
of a normal receiver. It is somewhat harder to
locate faulty action in such devices, since one
cannot detect the action as easily by listening.
Close observation will make it possible, however,
since one can hear the usual "rushing" sound
whenever the oscillator or autodyne is working
properly into the broadcast receiver. The most
frequent failure of these devices seems to be a
tendency to squeal, occasioned by the over-
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anxitty of the designer to insure oscillation on all
wavelengths. Generally this can be cured by reducing the plate voltage of the oscillator or
autodyne tube. Where it is not convenient to
use a lower battery voltage one may connect
into the lead from the battery a high-resistance
rheostat (500,000-ohm) shunted by a 0.1-mfd
paper condenser.
TROUBLESHOOTING — AFTERWARD
CUPPOSING that one already owns the set,
^ and finds that it must be made to work,
several dodges are useful. First let us assume
that there is difficulty in securing even oscillation— which means that one is also unable to
secure smooth regeneration. If the coils are
wound like Fig. 4A the difficulty probably lies
right there, and rewinding the tickler with small
wire, and bunching it as in 4B, will probably help
materially. The number of turns can be determined bytrial. Too many turns causes squealing,
too few turns results in silence or feeble action.
A fair rule is to start with § as many turns on the
tickler as on the secondary. After a rough adjustment has been made try changing the grid
leak and plate voltage in an attempt to secure
smoother action, always making sure that each
coil of the set continues to work. Generally it is
the smallest coil that causes trouble. Having
obtained fairly smooth action one may find that,
when a signal is tuned in, the regeneration control cannot be adjusted without having to retune;
this is often true in circuits of the type shown in
diagrams c and d of Fig. 4. However, this tuning
effect of the regeneration-control condenser,
Q, can be reduced by moving the tickler coil, T,
to the filament end of the grid coil, S, as in Fig.
4E, or if that is not convenient the control can
be changed to the resistance type shown in Fig.
4F. In diagram f the condenser C2 can be set
for approximately the correct action and thereafter R is used with little or no tuning effect.
Unless one wishes to lose the calibration ("logS
T
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ging")
then and,
be left
mustbeenbe
noiseless C2in must
operation,
so alone.
far as IRhave
able to determine, the Frost resistor is the only
one which meets this requirement for any length
of time. Wire-wound or step-by-step devices are
hopeless, as are the compression types.
The drive for C2 (if used) may be through a
plain dial, and in no case should a high-ratio
"vernier" dial be used. The drive for Ci
should be the smoothest available. I have never
found anything as beautiful in operation as the
old-type National dial. Lest it be thought
that undue emphasis is given the subject of dials
one must consider that most short-wave tuners
attempt to go from about 15 to 200 meters with
perhaps 4 coils. In effect this means that one
must cover about 20,000 kc. in going across the
scale 4 times, as against some 1000 kc. for the
scale of the usual broadcast receiver. With 5
times as cramped a scale, smooth operation is
imperative.
As regards the type C devices which heterodyne the signal into an existing i.f. system, the
combinations here become so numerous that one
can hardly lay down general rules. However, a
hint may beof value. If theshort-waveheterodyne
oscillator seems unwilling to work smoothly try
converting the system into the circuit of 4F by
connecting the primary of the first i.f. transmarked
antenna former
mayto thebe points
connected
to the "output."
grid end of The
the
coil S (not to the grid but to the tuning condenser stator) through a small capacity of about
15 mmfd. (.000015 mfd.). A still better method
might be to wind a single-turn primary around
the lower end of the form on which S is wound.
In either casethere may be "dead spots, and" this
always suggests overdose antenna coupling or
a bad choke coil. The
S Iformer is remedied by
reducing down
capacity
of a where
"vernier"
condenser
in thetheantenna
— even
the
primary
and
try. is used! The latter is a matter of cut

(F)
FIG. 4. SHORT-WAVE
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0.1 to 0.5 mfd
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"Our

THIS department of Radio Broadcast
is utilised each month for the presentation of miscellaneous short radio articles
which are received from readers. These abbreviated manuscripts describe "kinks," radio
short cuts and economies that the experimenter
runs across from time to time and that can
be made clear in a concise exposition. Although some of these notes have been submitted by engineers and professional writers,
the editors particularly solicit contributions
from the average reader. All material accepted, including photographs, will be paid
for on publication at our usual rates with
extra consideration for particularly meritorious ideas.
— The Editor.
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Suggest-

with the antenna lead to the receiving set, the
connections being indicated in Fig. i.
D. H. Boyd, Cincinnati, Ohio.
STAFF COMMENT
The method of operation is simple. First, the
receiver is tuned to the station it is desired to
eliminate. The wave-trap is then adjusted until
this station is weakest. Leaving the wave-trap
at this setting, the desired station is now tuned
in — generally with little or no interference from

FIG. I
The wave-trap circuit. The primary coil of the r.f.
transformer is connected in series with the antenna
lead.

AN EFFICIENT radio-frequency choke coil
of the plug-in type may be made from a
burned-out filament ballast. The ballast tube
should be wound with about 250 turns of number
34 silk-covered wire. The wire may be wound in
a haphazard fashion and the ends soldered to the
caps of the ballast plug.
This choke will be effective over the entire
broadcast range and down to about 100 meters.
For better.
shorter wavelengths a 1 50-turn coil would
be
Allan Hamilton, Houston, Texas.
More Output Ideas
PUSH-PULL amplifiers generally are provided
with an output transformer to which the
loud speaker is connected. In some cases better
results may be obtained by connecting the loud
speaker directly to the primary through two
2-mfd. condensers, as suggested in the diagram
Fig. 3. Posts 1 and 4 are used for any single loud
speaker, while a very satisfactory combination of
cone and horn loud speakers can be effected by
connecting one reproducer to posts 1 and 2 and
the other to posts 3 and 4.
H M. Thompson, Vancouver, B. C.

A Simple IV ave T rap
HEN wlw opened up with full fifty
kilowatts at Mason, about twenty miles
W; from Cincinnati, I experienced a bit of
interference from this station. Rummaging
around the collection of used parts generally
found in the enthusiast's shop, 1 speedily assembled the essentials of a simple wave-trap, and
had it operating satisfactorily an hour after
wlw came in the air.
While there is nothing new in the trap idea, or
in the design advocated by the writer, the economy of the arrangement will recommend itself to
many readers, particularly in these days of consistently increasing power.
The essential parts are a variable condenser, a
standard r.f. coil to match the condenser (if
coverage of the full wavelength range is desired),
a panel, and a dial.
The primary and secondary connections to the
coil should be definitely located. The primary
winding generally can be identified by the initialing P and B + , and the secondary by G and F.
If no stamping is apparent, as may be the case
on some r.f. transformers, the secondary winding
has more turns than the primary coil.
The condenser should be mounted on a small
panel, about five inches square, and the coil
mounted to the condenser frame. The secondary
winding is then connected across the variable
condenser. This completes the wave-trap, illustrated in Fig. 2.
The primary winding is connected in series

R.F. Choke Coil

FIG. 2
A simple wave-trap made with a standard radiofrequency transformer and variable condenser.
the first transmitter. If there is insufficient trapping action, five to ten additional turns of wire
should be wound on the primary coil, in the direction of the original winding. Of course, the
extra turns should be included in the antenna
circuit.
A Source of Accurate Meiers
EVERY experimenter needs meters to determine accurately the values of the current and
voltage with which he is working. However, with
reliable meters costing from §7.00 to $20.00
a piece, this important item is often necessarily
neglected.
Accurate d.c. meters may easily be made from
zero-center moving-coil ammeters readily obtainable at any automobile junk yard for fifty
cents. Older models of high-priced cars were
equipped with moving-coil instruments, such as
Weston models 301 and 267. These meters have
a 50-miIlivolt movement, and require from 10
to 20 milliamperes for full-scale deflection.
The shunt should first be removed from the
meter, and the needle swung to the extreme left
by moving both the zero adjuster and the corresponding adjustment found at the under side of
the movement. The meter may then be calibrated as a low-reading milliammeter. By using
shunts of proper values, milliammeters or ammeters of any range may be had.
The small operating current required by these
meters readily permits their use as voltmeters
having a sensitivity of from 50 to 100 ohms per
volt by merely connecting the proper resistance
in series.
Earl H. Miller, Bellefonte, Pa.
1 02

A Band Selector for the Universal
Receiver
I HAVE always been a booster of the Radio
1 Broadcast Universal circuit, my only possible
criticism of the arrangement being the lack of
selectivity when operated in congested broadcast
localities.
A; However, by utilizing the familiar link circuit,
as suggested in Fig. 5, the selectivity was improved to an entirely satisfactory degree with a
negligible loss of volume.
The following describes the coils indicated on-O 1
the diagram :
tube;
Coil A, 10 turns wire on a 2f inch diameter
Coil B, 48 turns of wire spaced J inch from coil
Coils C and D each have 10 turns of wire on
25-inch tubing;

02
not
Sec
used

FIG. 3

2mfd 1
63

An output arrangement that is occasionally
superior to the transformer circuit, and which
provides for one or two loud speakers.

1
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Coil E is wound on a 2j-inch tube with 48
turns of wire.
Coils C and D slip inside of coils B and E,
respectively, permitting any desired variation of
coupling.
The condensers tuning these coils may be
ganged.
H. T. Gallaher, Rock Island, 111.
STAFF COMMENT
The arrangement suggested by our correspondent functions in many respects as a band filter
— a system of station discrimination that characterizes the best of modern receivers. The arrangement suggested in Fig. 5 can be applied to practically any receiving circuit, it particularly
recommends itself for use with the receivers
having only one stage of tuned radio-frequency
amplification.
Frequency Compensation on MovingCoil Speakers
\ A OVING-COIL speakers, when used with
some types of audio amplifiers, have a tendency to over-accentuate the bass notes. The
deep rumbling tone is a characteristic to which
many people take exception when hearing this
type of speaker for the first time. The cause is
apparently due to a slight peak on the low tones
in most of the present-day audio transformers,
originally intended to make up for the losses
suffered in the usual magnetic speaker.
I have found that a very simple filter can be
inserted easily in the input stage to eliminate
this effect. The secondary of an old audio transformer, with core removed, is connected across
the primary of the first transformer through a
variable high resistance of about 100,000 ohms.
Any desired balance may be had by simply adjusting this resistance.
George H. Miller, Buffalo, N. Y.
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speaker is operated from a pushpull amplifier, employing the
10 0
02
03
proper output transformer in the
amplifier rather than that in the
loud speaker. This substitution
eliminates the high-frequency
compensation circuit included in
many speakers to flatten out the
hump above five-thousand cycles.
These high frequencies are,
therefore, over-reproduced, with
an unpleasant fringe on certain
types of broadcasting, noticeX
ably on tenor and baritone
P rear rang
soloists.
FIG. 6
a movins. ing the power-supply circuit for the possible use of
This effect generally can be
compensated
by shunting a
coil speaker with a high-voltage jield-excilation coil.
0.00025-mfd. fixed condenser
being added to one of them. The blades and
across the secondary of the first audio-frequency
transformer.
spacing washers are then assembled alternately
on the rods to interleave without touching, adding a washer to the other rod to level the top
Ra{or-Blade Condenser
when all the blades have been added. The two
THE fixed condenser described below is highly top nuts are then screwed down tight, and the
efficient and is constructed with rigid-metal
top ebonite plate, with terminals mounted, is
air-spaced vanes. It costs but a few cents to bolted in place. The connections are made as
suggested in the diagram, Fig. 4. A test should be
made to determine that the vanes are not
.Terminal
"shorting" and the condenser is then ready for
use.
To Circuit
The condenser will have a capacity of about
0.0001 mfd., and it will prove as satisfactory as
Nuts;
the best condenser of this type on the market.
By increasing the number of blades, one may, of
course, increase the capacity.
Edward Piranian, Philadelphia, Pa.
Id Blades
STAFF COMMENT
M— --Washer
Nut
"---Brass Rod -Coupling

STAFF COMMENT
The apparent preponderance of low notes
when first using a properly baffled moving-coil
speaker, is often a psychological contrast with
the deficiencies of other loud speakers. The genuine cases of over-emphasis of low frequencies
with which this department has had experience,
were resonant effects, several moving-coil speakers having decided resonant peaks in the neighborho d offifty cycles.
Over-reproduction of low notes, if the reader is
convinced that such exists, can be corrected by
moving the speaker slightly away from the baffleboard. By varying this distance, any degree of
low-frequency response can be obtained.
This department editor's experience with
moving-coil speakers has been more or less confined to high-frequency emphasis when the loud

-To Circuit

FIG. 4
A home-made
ra^or-blade
condenser.
airdielectric
condenser
is excellent
as an This
antenna
series capacitor in short-wave transmitting circuits.

make, as old safety-razor blades of the "Gillette"
type are utilized.
The materials needed for constructing the condenser will be found in the cellar or workshop of
any radio enthusiast. The necessary parts include: two pieces of
ebonite, each 3" by 2"
by
threaded
rods,j";
tV two
in diameter,
and about 3J" long;
eight nuts to fit the
rods; two terminals;
twelve "Gillette" razor
blades; and twelve
metal washers. Washers
are placed between the
blades to separate them
B+
FIG. B+
5
properly.
In assembling the condenser, the two rods are
This "link" circuit, when used with the R. B. Universal receiver, will add
selectivity to the set. Its design is such that it functions somewhat as a
bolted to the piece formband selector.
ing the base, a washer

This ingenious condenser recommends itself
particularly as an antenna series capacitor in
short-wave transmitting circuits.
Novel Power-Supply Device
D EING called upon very recently to design and
build an amplifier and power supply for use
with a power tube and an ordinary magnetic
speaker, but also having in mind the possibility
of later using the device with a moving-coil
speaker requiring a field supply of 1 10 volts d.c,
I designed the arrangement illustrated in Fig. 6.
Each terminal of the choke except the last was
brought out to a binding post. A flexible lead
with a phone tip soldered to the end was attached
to the last terminal. The three binding posts
were mounted on a bakelite strip.
When an ordinary magnetic speaker is to be
used the flexible tip from the choke is connected
to binding post 1 . This places the choke in operation and the speaker is attached in the usual
way. When a moving-coil speaker is to be used,
however, the flexible lead is disconnected from
binding post 1 and the field winding of the moving-coil speaker is connected to binding posts
1 and 2. A jumper made of bus wire is connected
between binding posts 2 to 3 ; this cuts out the
first section of the choke while the second section
is replaced by the winding of the moving-coil
speaker. Karl F. Oerlein, Philadelphia, Pa.
STAFF COMMENT
Such an arrangement has much to commend
it. It is generally unsatisfactory to connect the
field-winding terminals of the moving-coil loud
speaker in series with the filter system of the
power supply, since the additional resistance of
the field winding may cause a considerable decrease inoutput voltage.
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Available for Linking Dynamic

AGAIN this month a change is made in
the method of presenting new apparatus
in these pages. Parts submitted by different
manufacturers usually are treated as separate
items, but in this issue several dynamicspeaker output transformers of the push-pull
type are described in one article. In this
way it is possible to give a more lengthy discussion ofthe applications of these devices,
as space is not wasted in duplicating descriptions. A second article under this heading
describes a dual push-pull public-address
amplifier. A complete list of parts is specified
in the text, and much valuable data is given
on the design of amplifiers of this type.

Its
Loud

Applications

Speakers With

this purpose is secondary in comparison with
that previously mentioned. Now, since the purpose of the transformer is to match the tube to
the moving coil, it would seem to follow that
manufacturers would have to put into the moving-coil loud speaker a coupling transformer
that can only be used with a tube of a definite
plate resistance— unless it is possible to design
the transformer so that it will be satisfactory
for use with all types of tubes. Let us see if
we cannot answer this question very briefly.
It is not our purpose in this article to enter
into a discussion of transformer characteristics.
From such a discussion we would finally reach
the following conclusions: (a) that a properly
constructed coupling transformer designed to
work out of an impedance of 5000 ohms, corresponding to a 112A- or 210-type tube, will
also work satisfactorily out of 2000 ohms, corresponding to a 171 \- or 250-type tube, and

Push-Pull

Amplifiers

FIG. 5

can either remove the transformer supplied with
the loud speaker and substitute one designed for
use between the moving coil of such a loud
speaker and a push-pull stage, or we can just
connect [the output terminals of the present
push-pull transformer in the set to the input
terminals of the coupling transformer
incorporated in the loud speaker. If we
use the former arrangement the resultant circuit will look like Fig. 4, and if
we use the latter arrangement the
circuit will look like Fig. 5.
Whether the arrangement of Fig. 4
or Fig. 5 is used depends upon various
circumstances which are listed below:
(a) If the present output push-pull
transformer in the receiver is a good one
designed for use with ordinary cones
with a nominal impedance of about
2000 or 4000 ohms, then the circuit of
Fig. 5 may be used with satisfactory results. The power loss due to the use
of two transformers will only be about
2 TU — a negligible loss.
Moving
(b) If the present push-pull output
transformer in the set is thought to
have a poor frequency characteristic it
will be best to remove it and use the
circuit arrangement Fig. 4.
Coil
(c) If a choke output circuit, Fig. 3,
is used in the output of the push-pull
tube then the circuit of Fig. 5 may be
used (i.e. terminals 1 and 2 of Fig. 3 may
be connected to the leads from coupling
transformer supplied with the loud
speaker) if 171 a tubes are used in
the push-pull amplifier, provided that
each of the choke coils have an inductance of not less than 30 henries.
(d) If a choke output circuit is usedwith 210type tubes then the chokes and the coupling
transformer in the loud speaker should be removed, and a special transformer substituted
and arranged in the circuit as per Fig. 4.
There are listed in the following table a number
of special transformers, designed to replace the
coupling transformer of a dynamic speaker:

'HE story is told of a man and woman who,
while riding through California,
■
I'ranstornu
expressed great curiosity regardr
General Radio
ing some immense fields of French
Type
S
artichokes, with which they were unfamiliar. Itwas explained to them what
these vegetables were, what a tooth41-r
some dish they provided, and the suggestion made that they try them. To
which the gentleman replied with utmost finality, "Oh, no! We never eat
strange foods." An antipathy towards
"strange foods"of isradio
fortunately
not toa
SO 60 80 100 300 500
characteristic
enthusiasts
FREOUENCY1000 3000 5000
whom new things are a staff of life.
FIG. 2 CHARACTERISTICS OF GENERAL
The newest "strange food" to which
RADIO TRANSFORMER
many of us have probably devoted
considerable thought during the past
few months is concerned with movingcoil loud speakers — how good they are,
how to operate them, and so forth.
This article is devoted to one particular
angle of the subject, the reason for the
use of a coupling transformer between
the moving coil of the loud speaker and
the plate circuit of the power tube.
Special Coupling
FIG.
4
The coupling transformer, T, in a
6i
Translormei
moving-coil loud speaker is connected
in the circuit as indicated in Fig. 1,
FIG. 3 Center-tapped
Choke
and it has one major purpose in life — to
"match" the impedance of the moving coil to the plate resistance of the
Q2
power tube. It is true that the transformer will also serve to keep the d.c. plate (b) that a transformer designed to work out of
current of the tube out of the moving coil, but an impedance of 2000 ohms, corresponding to
a 17 1 a- or 250-type tube, will not operate
satisfactorily out of a 1 I2A- or 210-type tube,
because with such a transformer the two latter types of tubes would operate with a load
impedance in their plate circuit of less than
twice the plate resistance of the tube and, for
this reason, the plate current-grid voltage char...
acteristic ofthe tube will be curved and
distortion will result.
Manufacturer
For these reasons we find that the
Magnet
Amertran
Sales Co.
coupling transformers which always are
Company
Leads from _
built into a moving-coil loud speaker are Dongan Electric
designed according to (a), and the transmoving Coil' - — J
Leads from
former will, therefore, work satisfactorily Ferranti, Inc.
field winding
out of a 112A-, 171A-, 2 10-, or 250-type
tube.
General Radio Co.
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In some cases, however, we may want
to operate a moving-coil loud speaker out Sangamo Electric
Co.
of a push-pull stage. When this is to be Thordarson
Electric Mfg. Co.
FIG. I
done, two possibilities are open to us — we

Type
300
362
2112
1189
1192
1183
OP-4C
OP-2
T-2902
541-C
GX-210
T-2903
HX-171
585-0
T-2629

Type tube for use with
Single Push-Pull
210 or 112 a
171a
250
250
171a
171a or 210
All
types
All
types
112a or 171a
All types
171a or 250

112a
171a
171a
112a

oror
or
or

210
250
250
210
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Dual Push- Pull Public- Address

ITS APPLICATIONS

Amplifier Provides
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15 Watts of Power

GENERAL VIEW OF PUBLIC ADDRESS AMPLIFIER
The amplifier pictured above employs three transformer-coupled stages and has an undistorted output of i 5 watts.
7 be unit, which is completely a.c. operated, was designed for use in large theatres
THE item of new apparatus described in this
article is a three-stage light-socket-operated
audio amplifier possessing ample amplification
to boost the output of a radio set's detector tube,
a microphone, or a magnetic phonograph pickup unit up to a volume level sufficient for a large
theatre or an outdoor crowd. The gain-frequency
characteristics of the amplifier are such that an
effect of naturalness for human voice or music
will be conveyed to every listener.
This amplifier has little application in the
average home radio outfit. Its real appeal, rather,
is to those experimenters and professional setbuilders who have found that there is much real
demand for public-address amplification that
cannot be adequately met by ordinary equipment designed primarily for home use. To such
individuals, this amplifier offers the possibility
of sale or rental to moving-picture theatres,
skating rinks, schools, race tracks, and conventions, not to mention other uses. The fine possibilities of such sales can be grasped when one
considers that a skating rink or theatre can avoid
the considerable expense of even a small orchestra with a pair of phonograph turn-tables and record pick-up units, a supply of good records, one
to four loud speakers, and this amplifier. Whereas
the smaller theatre or rink could only afford a
a small mediocre orchestra at most, the amplifier installation brings out music played by the
orchestras of Paul Whiteman, Vincent Lopez,
the New York Philharmonic, the Boston Symphony, etc., with all of its original color, tone
and volume, yet the total cost need not be more

FIG.

than three- to five-hundred dollars! To the movie
exhibitor, the radio fan, and the wide-awake
professional set-builder, no more need be said.
POWER REQUIRED
IN DESIGNING this amplifier, much experi1 mental work was done to determine the approximate power needed for various classes of
coverage. In 1000- to 2000-seat theatres, for
instance, five to seven watts, taken from one
UX250 tube, was found sufficient in most cases
to give realistic reproduction. As the desire of
many exhibitors was to produce greater than
natural volume, . more power was found necessary for such "volume hounds." Conclusions
reached experimentally indicated that for such
conditions an undistorted power of fifteen watts
would give coverate of theatres seating up to
2000 or 3000 people, under conditions of maximum absorption and with all seats occupied.
Outdoor tests indicated that this same power
would give natural understandable speech and
music at volume sufficient for crowds of 10,000
to 15,000 people. From a gain-frequency standpoint, itwas found that an accentuation of bass
frequencies was desirable, particularly as phonograph records and radio programs are generally
lacking in the lower bass registers. Practical
experience indicates that if the amplifier accentuated frequencies between 60 and 200 cycles
(lower notes being used infrequently in music
and speech), the most pleasing effect would be
obtained.
With this information at hand, a power out-

I. OUTPUT CHARACTERISTICS

put stage was first developed, after which suitable input stages were designed to insure the
operation of the output stage at its full capacity
with the lowest input voltage to be anticipated
in practise. Adjustment of the transformer characteristics was made to obtain the desired gainfrequency curve. The power-handling capacity
of the input stages was made so great that no
overloading would occur in them, even though
the output stage were operated at well over its
maximum capacity. The whole amplifier was
then adapted for full a.c. operation.
The requirement that 15 watts of undistorted
power be available from the output stage automatically eliminated the possibility of using
tubes smaller than the 250 type, and since the
maximum output of one tube is 4.65 watts, a
push-pull circuit with two 250-type tubes seemed
to be a good starting point. From tests it was
determined that, with a load impedance equal
to four times the Rp of one tube, the requirements set down could be satisfied with a plate
potential of 450 volts, and a grid voltage of 80,
maximum safe values for selected 250-type tubes.
An undistorted output of 15. 75 watts was obtained from the two 250-type tubes in push-pull
with a specially developed output coupling imThe results of some gain measurements are
pedance.
shown in Fig. 1. It will be noticed that 10 watts
may be developed without any appreciable decrease in gain (which would indicate distortion).
The curve of Fig. 1 varies only 2 ~ru between 1
and 15.75 watts output and, as 2 tu is the

FIG. 2 FREQUENCY CHARACTERISTICS
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minimum sound variation perceptible to the
average ear in a musical selection, a 2 ru variation may be taken as a very conservative limit
on allowable distortion. Distortion becomes more
serious at 18 to 22 watts, although the average
person will not be disagreeably affected even at
such an overload. While Fig. 1 is the power'output curve for the final push-pull stage selected,
it was actually taken on the whole amplifier,
so that it is also a measure of such overloading
as might occur in preceding stages.
ANALYSIS OF AMPLIFIER
AN

ANALYSIS indicated that the signal
voltage applied to each 250 tube at the
14.35-watt point on the curve of Fig. 3 was 90
volts. (The advantage of the push-pull stage is
here well demonstrated — the grids were actually
10 volts positive over the 80-volt bias, yet distortion which would have been serious with such
an overload on one tube has not become perceptible to most ears with the push-pull stage.) With
go volts required at the 250 grids, and allowing
conservatively for a 0.2 volt-signal at the input
of the amplifier the voltage gain needed to develop 90 volts from a 0.2 volt-signal would be
90 0.2 = 450 times. This is a conservative
figure, since the averge detector tube will turn
out 0.3- to 0.4-signal volts, and average pick-up
unit will deliver as much as 1 to 2 volts. Further
measurements indicated that thestandard Clough
system transformers (described in July, 1928,
Radio Brocadast), and one 226-type tube would
give a gain of 120.5, obviously insufficient to
operate the push-pull stage to capacity. At this
point, one 226-type tube was found to be unable
to operate the push-pull stage to capacity without overloading. A iyiA-type tube preceding
the push-pull stage was tried with considerable
success, as well as two 226-type tubes in pushpull. The latter were found most desirable, due
to the simplification of filtration and isolation
that the push-pull stage permitted, as well as its
greater undistorted output.
Suitable transformers of the Clough type were
then designed to feed from one standard amplifier tube into a push-pull stage, and to feed from
one push-pull stage into a second push-pull
stage. These transformers were provided with
a low-frequency cut-off below a hump ranging
from 65 to 200 cycles and with a flat curve up
to about 8000 cycles. (Incidentally, they will
be welcomed by the many fans who have written to the designer asking for just such transformers.) An amplifier was then set up and
measured, using one 4.3 : 1 -ratio transformer feeding into a 227-type tube, one 1.75:1 push-pull
input transformer feeding into two 226-type
tubes in push-pull, and one 1.75:1 interstage
push-pull transformer feeding from the 226-type
tubes to the 250-type tubes. The output of the
250-type tubes was fed, through the specially
designed adjustable output impedance previously mentioned, into several different speakers, and measurements were made. Fig. 2 shows
the result in the form of an overall gain-frequency characteristic from input to power tube
grids. The desirable bass hump is present, and
above 3000 cycles common coupling through the
power supply produced a second hump which
was left in the amplifier to compensate the sideband cutting in radio reception. Many observers liked the effect produced by the rise
at high frequencies but if the writer's dislike of
this effect is shared by others, a needle-scratch
filter across a record pick-up, or a 0.0001 5-mfd.
condenser across the input transformer secondary, will flatten it out effectively. This hump
would not appear in battery operation, and its
effect consequently must not be exaggerated by
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the reader who has previously been shown
only curves taken on battery-operated amplifiers,
which curves would not show regeneration almost
sure to develop where standard power-supply
units were substituted for batteries. The curve
of Fig. 2 is not a "hand-picked" laboratory
product — it is a true measure of performance at
signal voltages developing actual operating
output powers in actual loud speakers.
A.C. OPERATION
A DAPT1NG a high-gain amplifier giving good
response at 60 cycles to a.c. operation was
no easy task. Fortunately, two push-pull stages
simplified the process, but the high overall gain
made special precautions necessary for the input
stage. The B supply for the push-pull output
stage was found to need no filtering, while a
resistance-capacity filter in the B wire was adequate for the intermediate push-pull stage. Filament balances were non-critical on both-pushpull stages. Such good fortune did not hold for
the input stage. A very high inductance choke,
in an unusual resistance-inductance-capacity
filter proved necessary for B and C supply, and
in addition the input transformer had to be
oriented to minimize induction from the powersupply
was reduced
18" away.
the
finaltransformer
models a.c.which
hum was
(whenIn
using airchrome- dynamic- or cone-type loud
speakers) to a point where it was not objectionable for home use.
Final models, operated with one dynamic
speaker placed at an open window on a
crowded boulevard, provided understandable
speech and good music over traffic noise a city
block away. Twelve air-column speakers distributed about three floors gave such effective
coverage of 30,000 square feet of factory floor
space that one could not hear conversation at
normal speaking volume.
The assembly of the amplifier is well illustrated inthe accompanying picture and the physical layout will be found to follow very closely
the generalin arrangement
of the' schematic
diagram
that the amplifier
progresses wiring
from
left to right with the power-supply apparatus
at the extreme right of the wooden baseboard.
The 255 transformer is not screwed directly
down to the baseboard, but should be wired into
circuit loosely so that it can be adjusted for the
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minimum-hum position in actual operating tests.
After its proper position has been determined
(and outlined upon the baseboard with a pencil),
it is clamped down by means of the steel tie-bar
and two of the short-threaded brass rods with
their nuts, the holes for them in the baseboard
being counterbored.
The wiring of the amplifier is comparatively
simple and is accomplished by using the
flexible hook-up wire cut to proper lengths with
insulation pushed back and ends soldered to
proper soldering lugs or fastened directly under
tube socket terminal screws. Amplifier grid and
plate leads should be isolated as far as possible
from each other and from other wiring, and can
be made quite short due to the layout of parts.
All filament and power wiring should preferably
be run in a common cable as far as possible,
which may be laced with waxed shoemaker's
thread after testing. The two loud speaker connections tothe S-M 248 universal output choke
should be terminated in battery clips so that
they may be moved about to the different groups
of soldering lugs on the choke in preliminary
tests.
list of apparatus
THE following is a complete list of the apparatus employed in the construction of the
power amplifier described in this article:
Ci, C2, C3, C4 Potter condenser bank, type 673;
Li One S-M Universal output choke, type 248;
Ri One Carter potentiometer, type AP-15;
R2 One Yaxley resistor, 2000-ohm, type 72000;
Ri, Ri Two Frost tapped resistors, type FT-64;
R3, R4 Two S-M resistors, type 659;
R7, Rs Two Polymet resistors, 750-ohm;
S! One S-M tube socket, type 512;
to S7 Six S-M tube sockets, type 511;
Ti, T4 Two S-M a. f. transformers, type 255;
T2 One S-M push-pull transformer, type 257;
T3 One S-M push-pull transformer, interstagetype, type 227;
T6 One S-M filament transformer, type 247;
T6 One S-M power transformer, type 328;
One phone cord and plug, five-foot;
One roll of S-M hook-up wire, type 818;
Five Fahnestock clips;
OneTheS-Mtotalwooden
2i-tV' x isfV"$93.36.
x J".
cost ofchassis,
the apparatus

FIG. 3. COMPLETE DIAGRAM OF PUBLIC-ADDRESS AMPLIFIER

A RECEIVER OF MODERli DESIGH FOR THE DX FAX
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Data

AT THE time the article entitled "The
Z_\ Sargent-Rayment Seven Receiver" was
prepared for October, 1928, Radio
Broadcast, the writer, as a result of testing a
model receiver attendant upon the preparation
of his article, had become firmly convinced that
this receiver was an unusual example of a fine
kit, and that, in short, it would be heard from
in no uncertain terms once a number had been
built. Circumstances have since proven that the
silent prophet is not always unhonored in his
own country. Believing that the comments of
some experienced experimenters who have built
and tested the set may be of interest, as well
as a bit of additional engineering data and a
few timely operating suggestions, this, the
writer's second article upon the Sargent-Rayment Seven Receiver, has been prepared.
Extended experience with western conditions
on the part of the designers of this receiver had
effectively convinced them of the necessity of a
far more selective set than would in all probability ever be developed in the East, due to
the peculiarities of western reception conditions.
In consequence, it would seem that if the Sargent-Rayment receiver were capable of giving a
good account of itself on the West Coast, it would
certainly be able to do so in any other location
in the United States. Such is actually the case.
As an example of results obtained from a typical Sargent-Rayment set, a report received from
Lloyd Breck, 1 10 Pacific Avenue, Piedmont,
California, is most interesting. In the course of
two evenings' tuning, Mr. Breck was able to
tune in a total of 1 16 stations upon the receiver
he had built. Out of the total of 1 16 stations, 44
•were located in the East, and Mr. Breck's log
included cyj and cya of Mexico City, kfqd
of Anchorage, Alaska, khgu of Honolulu,
Hawaii, and pwx of Havana, Cuba. The log is
interesting, for there are only approximately 100
transmission channels in the broadcast band,
and the reception of 116 stations meant that

on

the

Sargent-Rayment

several transmission channels were heard from
twice!
Turning
Breck's ofresults,
the City,
comments of F.from
EdwinMr.Schmitt,
New York
upon the performance of a Sargent-Rayment
located at White Plains, New York are interCT'HE Sargent-Rayment receiver was first
■*■ described in our October, 1928, issue.
This article gives additional operating notes
and other comments which are sure to interest
those who have built the set and probably will
be of interest to those who may now be planning to build one.
— The Editor.

esting as coming from the opposite coast. Mr.
Schmitt reports that between the hours of
8:00 and 12:00 p. m. on an evening late in October, one station in Portland, Oregon, one in
Seattle, Washington, one in San Diego, California, three in Los Angeles, one in Denver, one in
Fort Worth and many closer by were heard with
excellent volume on the loud speaker through
the barrage of stations located in and about
New York City. These comments, together with
reports of average logging of from 50 to 100
stations in an evening from many different builders, indicate that the receiver is evidently adequately selective for present-day conditions.
REGARDING COIL DESIGN
IN FIGS. 2 and 3 are some interesting amplification curves made upon several typical r.f.
stages tested in the development
the Sargent197 to ofdetermine
Rayment receiver. In order
the
most satisfactory type of coil for the general
type of mechanical assembly which seemed desirable, afamily of coils, each of approximately
the same inductance, were constructed and

placed in a single stage compartment for measurement. Itwas observed that with constant
coupling maintained for each coil, the amplification Obtained increased with decreases in
coil size, due to a reduction in shielding absorption. The most satisfactory coil of the various
types tested consisted of 72 turns of No. 25
enamelled wire wound upon a bakelite tube
25" in diameter, threaded 32 turns to the inch.
When measured unshielded, this coil actually was
inferior to a larger type which, also wound
upon
a 2§" wire,
tube, consisted
turns per
of No.inch.20
enamelled
threaded of20 80turns
This larger coil, being affected to a much more
marked degree by the presence of the shielding
than was the smaller coil, actually delivered
lower amplification in practise. This is indicated
by the curves, Fig. 2, showing the amplification
obtained with four different values of screengrid voltage when using the larger coil with a
primary consisting of 35 turns of No. 34 d.c.c.
wire slipped into the secondary at the filament
end of the latter. Amplification with 45 volts
on the screen grid ranges from 17. to 26.5 between 550 and 1450 kilocycles, with selectivity
varying 3.9 to 1.2] for the different frequencies.
The curve of Fig. 3 taken upon the smaller
coil with a 25-turn primary shows a considerable improvement in amplification over the
larger coil, and a very appreciable improvement
in selectivity as indicated by the selectivity
figures appearing in the curve. (These selectivity
figures represent the ratio of amplification of
the desired signal to the amplification of another
signal 10 kilocycles off resonance, and to the
engineer the merit of the stage represented in
Fig. 3 will be appreciated as being quite high.)
HOW SENSITIVITY IS OBTAINED
TTO THE average reader, the values of am*■ plification per stage shown in Fig. 3 may
seem quite low, but it must be borne in mind
that in designing the Sargent-Rayment receiver
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combination of tone quality, sensitivity, and selectivity.
ANTI-MOTOR BOATING FILTER
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question the best receiving set of any type
or description that we have ever demonstrated. During the evening demonstrations, we
were able to tune-in at will almost anything in
the country that we desired, getting such stations as Fort Worth, Atlantic City, Atlanta,
Ga., and literally hosts of others, with as much
volume as any ordinary receiving set receives
weaf in this locality. Incidentally, our receiving conditions here are most abominable."
FIVE JAPANESE STATIONS HEARD

I^ JNFORTUNATELY,
set is
not without its onethe drawback, though this drawback is in
: 3 30
300 500 1000
3000 5000 10,000 itself the accompaniment of the
FREQUENCY IN CYCLES
extremely high amplification
developed by the receiver. When
FIG. I
used with standard B -power
units, there occasionally dethe thought was to employ as many stages of
velops atendency for the receiver to " motorTURNING again to the opposite Coast for
suitable r.f. amplification as were needed to boat," particularly at one setting of the
_ confirmation of such performance, the regive the desired degree of amplification, rather
port of Kenneth G. Ormiston, the technical
volume control regulating the screen-grid
voltage to the r.f. tubes. Messrs. Sargent and editor of Radio Doings, a Los Angeles publicathan to obtain the highest possible amplification per stage. This decision made, the designers
tion, is interesting. Mr. Ormiston commented
Rayment have recommended a non-motorboatas follows:
were left free to concentrate upon the problem
ing
filter
which
they
have
termed
a
"stabilizer."
It consists of a small choke coil, similar to the
of selectivity rather than amplification in each
"We are impressed with the very obvious
stage. The wisdom of this policy is indicated
S-M 251 output transformer, connected in the sensitivity of the Sargent-Rayment receiver,
by the fact that the selectivity of each r.f. 45-volt screen-grid lead and a 50,000-ohm re- due to its ability to reach the noise level with the
sistor connected in the positive B lead to the sensitivity control but half on. The volume of
stage is practically that of the tuned secondary
circuit alone without the deleterious effects of detector plate. Each of these circuits is then wgn, when he signed off, inspired us to set the
coupling a preceding amplifier tube into this cir- bypassed back to the receiver chassis, a 4-mfd.
1.23
cuit through a primary large enough to obtain
condenser being used for the screen-grid bias
the highest possible value of amplification which
and a i-mfd. for the detector-plate lead. The
circuit is shown in Fig. 4.
J
always halves the selectivity factor. Lest, however, the casual reader should be inclined to re1.84
INCREASING THE SENSITIVITY
Select
gard the amplification of the Sargent-Rayment
AN EXAMINATION of the receiver cirreceiver as being of a very low order, it is inter6.3
FIG. vity
3 cuit diagram (October Radio Broadcast)
500 600 700 800 900 1000 1100 1200 1300 1400 1500
esting to compare the r.f. amplification of typiindicates that the input from antenna to first
cal six-tube, one-dial receivers averaging about
'frequency in kilocycles'
1000 times between antenna and detector grid r.f. tube is through a rejector type of wave
filter which, in its general characteristics,
with the r.f. gain of the Sargent-Rayment,
neglecting entirely its tuned antenna input is essentially similar to that of the tuned
alarm clock for 4 a. m., and, when we turned
circuit with its large potential amplifying possi- r.f. stages. The thought has occurred to some
builders that through shifting the screen-grid
bilities. The r.f. gain of the Sargent-Rayment,
the set on at that hour, five of the "Japs" and
operating in a perfectly stable manner has a connection of the left-hand screen-grid tube from 4QG
in Brisbane were received with good volume.
the antenna connection (2) of the coil Li to the Also, wfaa, wmmj, kma and some Easterners
value adequate to allow the receiver to go down
to the lowest noise level; this is equivalent to free end of the tuned secondary coil (3) of the were heard on the air with their early morning
many times the gain given by many of the re- wave filter, an increase in amplification may be
obtained. Whether or not this is necessary is programs.
ceivers ofthe type mentioned above.
"In all, we were very well satisfied with the
An over-all amplification curve for the two- for individual decision, for the performance of performance of the receiver. Not alone satisfied,
the receiver is perfectly stable with the recomstage audio amplifier employed in the Sargentbut considerably surprised! No repeats or harRayment is shown in Fig. 1, this curve being
mended connection, and the amplification is
monics, very fine tone quality, on both local and
high enough to go down to the most favorable
dx, and its ease of operation are factors which
low-noise level. The change in connection to are bound to make the set popular with those
utilize the rejector circuit as a tuned r.f. stage fans who believe that d.c. tubes, operated from
will usually tend to make the receiver oscillate, either batteries or a socket-power unit, give peak
with oscillation controlled by the volume knob.
The effect, however, of the regeneration introApparently Mr. Ormiston started the ball
duced through this change is to reduce the effec- rolling, for immediately after receiving word
performance."
tive repeater amplification, so that only a very of his reception, reports came in from many
slight actual gain in sensitivity results. Neverthedifferent West-Coast builders of reception of
less, under extremely favorable conditions, as, Japanese and Australian stations, not to mention
for instance, early in the morning when listening a large number of eastern American stations.
for Japanese or Australian stations, this connecIn particular, E. W. Gardner of Del Monte, Calition has sufficient merit to justify its trial, at
fornia, reports the reception of six Japanese
500 600 700 800 900 1000 1100 1200 1300 1400
least,
for
it
will
result
in
some
boost
of
a
very
broadcast stations.
FREQUENCY IN KILOCYCLES
weak signal.
Considering the fact that the comments
As stated above the writer is of the opinion
FIG. 2
quoted from and referred to herewith are but a
that the receiver possesses ample sensitivity, as very few of the large number of favorable rewell as selectivity, in its present form. This view
ports which have been received from builders, it
made with I i2A-typetubesin thedetectorand first is more or less substantiated by letters from may be assumed that the Sargent-Rayment receiver provides an unusual degree of selectivity
audio positions, and a iyiA-type tube in the sec- many experimenters who have built the receiver.
ond audio position, with recommended operating Two of these communications are particularly
and amplification (as we write this, a Chicago
interesting and excerpts are printed below.
voltages. It is, however, quite feasible to employ
experimenter reports reception of what were
a 210- or 250-type power tube in the output stage The first is from Frank McDonell, president apparently Japanese programs upon the waveof the receiver through the use of a high-voltage of Rossiter, Tyler and McDonell, a well-known
length of joak on November 6.)
power-supply unit. The standard S-M 675ABC
engineering and service organization located in New York. After
kit is especially suitable for this purpose providing, as it does, 7.5 volts for filament lighting testing the Sargent-Rayment rethrough an adapter plug inserted between the
ceiver in a steel-frame building
-g*
1
To
power tube and the second audio socket, to- in the heart of the lower New
f45 O
-O-B Supply
York business district, Mr. $=0+22 0gether with B voltage and C bias for the entire
McDonell write as follows:
receiver including a 210- or 250-type power
tube. With this combination and the substitu"You will be interested in a
mfd.
tion of the i-mfd. 600-volt condenser, as speci- word of comment on the Sargent- (2
T*mfd
Rayment receiver. I want to put
- B Ofied in the circuit diagram on page 355 of Ocmyself on record right now
tober, 1928, Radio Broadcast, the SargentRayment receiver provides an unusually fine assaying that it is without
FIG. 4. AN EFFICIENT FILTER CIRCUIT
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Booklets

A Varied List of Books Pertaining to Radio and Allied
Subjects Obtainable

Free With the Accompanying

DEADERS may obtain any of the booklets listed below by using the coupon printed on this page. Order by number only.
i. Filament Control — Problems of filament supply,
voltagevisedregulation,
and effect
on various
circuits.
1928 rebooklet, with circuit
diagrams
of popular
kits. Radiall
Company.
5. Carborundum in Radio — A book giving pertinent
data on the crystal as used for detection, with hook-ups, and
a section givingCompany.
information on the use of resistors. The
Carborundum
12. Distortion and What Causes It— Hook-ups of
r-esistance-coupled
Bradley Company.amplifiers with standard circuits. Allen15. tionsB-Eliminator
Power using
Amplifier
— Instrucfor assembly andandoperation
Raytheon
tube.
General Radio Company.
15a.tions forB-Eliminator
and
Power
Amplifier
—
Instrucand operation using an R. C. A. rectifier.
General assembly
Radio Company.
— A description
uses ofBakelite
bakelite
in 17.
radio,Bakelite
its manufacture,
and ofitsvarious
properties.
Corporation
22. A Primer of Electricity — Fundamentals of
electricity with special reference to the application of dry
cells to radio and other uses. Constructional data on buzzers,
automatic
switches, alarms, etc. National Carbon Company.
23. Automatic Relay Connections — A data sheet
showing how a relay may be used to control A and B circuits. Yaxley-Manufacturing Company.
30. staTube
— A dataCompany.
sheet giving connts of tubes.Characteristics
C. E. Manufacturing
32. Meters for Radio — A catalogue of meters used in
radio, with diagrams. Burton-Rogers Company.
33. Switchboard
and PortableandMeters
A booklet
giving
dimensions, specifications,
shunts— used
with
various meters. Burton-Rogers Company.
37.vice onWhy
Radio
is
Better
with
Battery
Power
—
what dry cell battery to use: their applicationAd-to
radio, with wiring diagrams. National Carbon Company.
46. Audio-Frequency Chokes — A pamphlet showing
positions
in the circuit
whereCompany.
audio-frequency chokes may
be used. Samson
Electric
47. Radio-Frequency Chokes — Circuit diagrams illustrating thdefinite
e use of chokes
to keep Electric
out radio-frequency
currents from
points. Samson
Company.
48. Transformer and Impedance Data— Tables giving the mechanical and electrical characteristics of transimpedances,
together Electric
with a short
description of
their useforminers and the
circuit. Samson
Company.
53. Tube
Information
care beof
vacuum
tubes, Reactivator
with notes on— how
and when ontheytheshould
reactivated. The Sterling Manufacturing Company.
56. Variable Condensers — A bulletin giving an
analysisistics.
of various
condensers
together with their characterGeneral Radio
Company.
57. Filter Data — Facts about the filtering of direct
current
supplied byElectric
means ofSpecialty
motor-generator
with transmitters.
Company.outfits used
58.
How
to
Select
a
Receiver
—
booklet describing what a radio set is, and Awhatcommon-sense
you should
expect from it, in language that anyone can understand.
Day-Fan Electric Company.
Radio —weather
A veryandinteresting
booklet
on 67.
the Weather
relationshipforbetween
radio reception,
with maps and data on forecasting the probable results.
Taylor Instrument Companies.
69.tics of Vacuum
A booklet
characteris-of
the variousTubes
tube— types
with giving
a shortthedescription
where
they
may
be
used
in
the
circuit;
list
of
American
Canadian broadcast stations. Radio Corporation andof
America.
72. Plate Supply Systems. Technical information on
audio and power systems. Bulletins dealing with two-stage
transformer amplifier systems, two-stage push-pull, threestagefier,push-pull,
parallel supply
push-pull,
and other
audio Transampliplate,formerandCompany.
filament
systems.
American
73. Radio Simplified — A non-technical booklet giving
pertinent data on various radio subjects. Of especial interest to the beginner and set owner. Crosley Radio Corporation.
76.
Radioin radio
Instruments
— A description
of various
meters used
and electrical
circuits together
with a
short discussion
of
their
uses.
Jewell
Electrical
Instrument Company.
Troubles
— A pamphlet
describingwork
the
use78.of Electrical
electrical testing
instruments
in automotive
combined with a description of the cadmium test for storage batteries.
interest to the owner of storage batteries.
Burton
RogersOf Company.
81. Better
— A ofbooklet
muchwithgeneral
information on theTuning
subject
radio giving
reception
specific
illustrations.
Primarily
for
the
non-technical
home
constructor. Bremer-Tully Manufacturing Company.
84. Five-Tube Equamatic— Panel layout, circuit diagrams, and instructions for building a five-tube receiver, together with data on the operation of tuned radio-frequency
transformers of special design. Karas Electric Company.
88.
A booklet
giving full Super-Heterodyne
instructions, together Construction
with a blue print— and
necessary
data,
for
building
an
eight-tube
receivei.
The
George
W.
Walker Company.

Coupon

89. Short-Wave Transmitting Equipment. Data and
wiring diagrams on construction of all popular short-wave
transmitters,
instructions,
keying,apparatus;
antennas:data
information anoperating
d wiring diagrams
on receiving
on
variety
of
apparatus
used
in
high-frequency
work.
Radio Engineering Laboratories.
90. Impedance Amplification — The theory and practice of a special
of dual-impedance
audio amplification
are given.
AldentypeManufacturing
Company.
ON THIS page are listed radio manufacturer's
booklets
which Broadcast.
may prove
of interest
to readers
of Radio
The list is revised each month and a constant effort is made to keep it as accurate as possible. In all cases the booklets
listed have been selected because of the
valuable information which they contain.
Among the new booklets of interest to service men are the following: 135, 139, 140,
145, 146, 152, and 154.
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— Successive
the95.use Resistance
of resistors Data
in various
parts ofbulletins
the radioregarding
circuit.
International Resistance Company.
Shieldingin —radio
A booklet
giving
on 98.
the Copper
use of shielding
receivers,
withinformation
notes and
diagrams showing how it may be applied practically. Of
special interest to the home constructor. The Copper and
Brass Research Association.
99. Radio Convenience Outlets — A folder giving
diagrams and specifications for installing loud speakers in
various locations at some distance from the receiving set,
also antenna, ground and battery connections. Yaxley
Manufacturing Company.
1 . Using
folder with
the1 0more
popularChokes—
circuits A showing
wherecircuit
chokediagrams
coils mayof
be placed to produce better results. Samson Electric
Company.
102. Radio Power Bulletins — Circuit diagrams,
theory constants, and trouble-shooting hints for units employing facturing
the BH Company.
or B rectifier tubes. Raytheon Manu104.
Oscillation
Control
with the "Phasatrol"
Circuit diagrams, details
for connection
in circuit, and—
specific
operating
suggestions
for
using
the
as a balancing device to control oscillation."Phasatrol"
Electrad,
Incorporated.
105. Receiving and Transmitting Circuits. Construct'on booklet with data on 25 receivers and transmitters
togethe-cuits.with
discussion Company.
of low losses in receiver tuning cirAero Products
108.
Vacuum
Tubes
characteristics
of an
a.c. tube with curves and— Operating
circuit diagram
for connection
in converting various receivers to a.c. operation with a
four-prong a.c. tube. Arcturus Radio Company.
1 12. Heavy-Duty Resistors — Circuit calculations and
data on receiving and transmitting resistances for a variety
of uses, sistdiagrams
for popular power supply circuits, d.c. reCompany.ors for battery charging use. Ward Leonard Electric
In tending the coupon beloni, make sure that your name
and address are included and are plainly written. Also
make sure that the listing of booklets from which you
choose is that of the latest issue of the magazine, as Radio
Broadcast cannotlisted
guarantee
the delivery
in its current
issue. of booklets not
USE THIS BOOKLET COUPON
Radio Broadcast Service Department
Radio Broadcast, Garden City, N. Y.
Please send me (at no expense) the following booklets indicated by numbers in the published list above:

Name
Address
(Number) (Street)
199
(City)
(State)
ORDER BY NUMBER ONLY
This coupon must accompany every request. R B 1-29

1 1 3. Cone
Loud Speakers and
— Technical
practicaltype
information onelectro-dynamic
permanentand magnet
cone loud speakers. The Magnavox Company.
114. Tube
Adapters
— Concise various
information
simplified
methods
of including
powerconcerning
tubes in
existing receivers. Alden Manufacturing Company.
115.
What
Set
Shall
I
Build?
—
Descriptive
with illustrations, of fourteen popular receivers for thematter,
home
constructor. Herbert H. Frost, Incorporated.
118. manual
Radioon Instruments.
Circular "J" — A for
descripthe use of Ameasuring
radio tivecircuit
requirement.
complete instruments
listing of modelseven-for
transmitters,
servicing, andCorporation.
power unit control. Weston receivers,
Electricalset Instrument
120. The Research Worker — A monthly bulletin of
interesttains tospecialthearticles
engineer
and home
Each issue with
conon radio
designbuilder.
and construction
special
emphasis
on
resistors
and
condensers.
Aerovox
Wireless Corporation.
121 . Filterand Condensers
Some practical
points on the
manufacture
use of filter —condensers.
The difference
between inductive and non-inductive condensers. Polymet
Mfg. Corp.
123.
Supply
Devices
— Circuit diagrams,
characteristics, andB list
of parts
for nationally
known power
supply
units. Electrad, Inc.
124. several
Power circuit
Amplifier
and B Supply
— A booklet
giving
arrangements
and constructional
information and a combined B supply and push-pull audio
amplifier, the latter using 210 type tubes. Thordarson
Electric Mfg. Co.
125. describing
A. C. Tube
Operation
— A small
complete
booklet
a method
of filament
supply but
for a.c.
tubes.
Thordarson Electric Mfg. Co.
Micrometric
How tovolume
use resistances
for:126.
Sensitivity
control; Resistance
oscillation —control;
control;
regeneration control; tone control; detector plate voltage
control; resistance and impedance coupling: loud speaker
control, etc. Clarostat Mfg. Co.
129. Tone
— Some
hook-ups, and
with chokes.
an explanation ofthe
propermodel
use audio
of transformers
Sangamo Electric Co.
130. Screen-Grid Audio Amplification — Diagrams
and constructional details for remodeling old audio amplifiers for operation with screen-grid tubes. Thordarson
Electric Mfg. Co.
131.
An illustrated
booklet givingThe
the Mershon
theory and Condenser
uses of the —electrolytic
condenser.
Amrad Corporation.
132.ceiverThe
National and
Screen-Grid
Short-Wave
Re— Constructional
operating data,
with diagrams
and photographs. James Millen.
133.gram The
National Shield-Grid
— A on
circuit
with constructional
and operatingFivenotes
this diareceiver.
James
Millen.
134.
Remler
Service
Bulletins
—
A
regular
service
for
the professional set builder, giving constructional data,
and hints on marketing. Gray & Danielson Mfg. Co.
135.vanceTheinformation,
Radiobuilder—
A periodic
bulletin giving
constructional
and operating
data adon
S-M products. Silver-Marshall, Inc.
136.
Silver
Marshall
Data
Sheets
—
These
data
sheets cover all problems of construction and operation on
Silver-Marshall products. Silver-Marshall, Inc.
139. unit
Power
Unit Design
data Raytheon
sheets on
power
problems,
design, —andPeriodical
construction.
Mfg. Co.
140.units,
PowerwithUnit
Problemstables
— Resistance
power
informative
and circuitproblems
diagrams.ir.
Electrad, Inc.
141. Audio and Power Units — Illustrated descriptions
of power amplifiers and power supplies, with circuit diagrams. Thordarson Electric Mfg. Co.
142. Use of Volume and Voltage Controls. A complete booklet with data on useful apparatus and circuits for
application in receiving, power, amateur transmitter, and
phonograph pick-up circuits. Central Radio Laboratories.
143. Radio Theory. Simplified explanation of radio
phenomena
especial
tube,
with data on with
various
tubes. reference
De Forestto the
Radiovacuum
Company.
144. Low Filament Voltage A. C. Tubes. Data on
characteristics and operation of four types of a.c. tubes.
Arcturus Radio Company.
145. Audio Units. Circuits and data on transformers
and impedances for use in audio-amplifier circuits, plate and
output impedances and special apparatus for use with dynamic speakers. Sangamo Electric Company.
146. Receiver
Data.units
Circuits
for using re-of
sistances inreceivers,Circuit
and in power
with descriptions
other apparatus. H. H. Frost, Inc.
147. Super-Heterodyne Construction. Construction
and operation of a nine-tube screen-grid super-heterodyne.
Set148.
Builders'
Supply Receiver.
Company. Constructional and operaShort-Wave
tion data on a four-tube short-wave receiver. Karas Electric Company.
149.
Five-Tube Screen-Grid Receiver. Blueprint
with full constructional details for building a broadcast receiver using two screen-grid tubes. Karas Electric Company.
150. Five-Tube A.C. Receiver. Blueprint for constructingfive-tube
a
a.c. receiver employing the "equamatic
system."
KarasSecret
Electric
151. The
of theCompany.
Super. Constructional and
operation data on the Lincoln 8-80 One-Spot Super. Lincoln Radio Corporation.
152. Power Supply Essentials. Circuits and data on
power-supply
devices, and descriptions
Polymet Manufacturing
Company. of power apparatus.
153. Reception.
"What the Eveready
Curve Means
Radio
An analysisFidelity
of the frequency
range toof
musical instruments and the human voice which shows how
these tones are reproduced by a receiver with an audio
range of 60 to 5000 cycles. National Carbon Company.
154. Amplifier
Supply circuit
ConstructionManual.
A booklet and
givingPower
descriptions,
diagrams,
and lists of parts of several popular amplifier and power
supply circuits. Acme Wire Company.
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Sound
But in the talking movies how is the director to
know, when the action is recorded, what the
audiences are going to do? His spacing is a
matter of guesswork. He can, of course, have an
audience present and try it on them, but, as
every actor knows, different audiences do different things.
To return to volume control, however — what
is the remedy for some of these defects? My
answer is no better than that of anybody else,
but 1 will venture a few suggestions. One consists in disagreement with the dogma that
volume control is all taken care of in recording
and, after the initial gain setting is made in the
projection room, the faders should be left alone.
Thistheispresent
good theory,
doesn't always
in
state ofbutthe itrecording
art. work
Part of the trouble is that the recording
engineers, especially when they are working
with discs, always have to worry about the
ground noise. Their tendency is to bring up the
gain on low portions and to iron out the record
to one level. When the changes are not too rapid
this could be fixed in projection. A wider range
in volume can be secured there without excessive
background disturbance, since lowering the
reproducing gain brings down the ground noise

An

with the signal. And, in general, accurate control of volume in recording, particularly in rush
production, awaits future developments in
instruments and technique. In short, while the
best answer would be to record so well that projection could take place without any change in
gain, with the present technique of recording
skillful gain adjustment in the theatre could do
a lot of good.
The projectionist, clearly, cannot be relied
on for this. For one thing, he has too many other
things to do. Secondly, he is not listening in the
house, but in a more or less noisy and uncomfortable projection room. Thirdly, he is seldom
fitted by temperament for an audio monitoring
A POSSIBLE SOLUTION
job.
/^\NE solution is to use automatic, electrical,
^-^ or mechanical means of some sort to vary
the amplification in the theatre within certain
limits. This adds to the complications, but it is
a possible future development.
In the meantime the best answer may be a
limited gain control manipulated from a point
in the house by someone who has nothing else to
watch. This man may be a theatre musician,

As

WHAT PARTS TO USE

THE picture of the oscillator on page 186
shows Western Electric tubes; any type of
tube may be used instead of the ones shown; a
power-type tube is suggested, such as the 112
or 171A, depending on how much power is desired. The C bias of the amplifier tube should be
carefully adjusted so that no distortion may take
place in this part of the circuit. The normal bias
for the 171 with 90 volts on the plate is about
16.5 volts.
In the following list of parts, the writer has
indicated few trade names; the reason is that any
well-constructed apparatus will work as well as
any other. The only special part in the list below
is the Ford coil, and even here the name Ford
indicates nothing more than that such a coil may
be used — any similar spark coil will do as well.

the

Broadcaster

whose judgment is likely to be good on such
matters as proper volume of speech and music.
He will operate a remote gain control permitting
a latitude of, say, 15 or 20 tu. The setting in
the booth will be such that the house gain control can be brought up to the maximum without
causing overloading or any such difficulties.
The operator of the house control will preview
the film several times with the house manager or
someone in authority. In this way he will be able
to arrange a cue sheet, which can readily be
memorized after the first few trials, enabling
him to turn out a much smoother performance
than under present conditions in most theatres.
For example, if there is an abrupt change in
selections, he will at least be able to fade down
to low volume during the shift. He will be able
to drop an appropriate number of units for dialogue, bring up the gain once more for heavy
musical accompaniments, tone down pianissimos
which have been recorded with too much amplitude, and in general graduate the performance.
1 suspect that such a man, judiciously chosen,
would more than earn his salary, and that his
presence would help, in some measure, to preserve the life of the goose which is laying the
golden eggs. — Carl Dreher

Oscillator

lator are sufficiently good for most experimental
purposes.

1929

Motion
Pictures
(Continued from Page 182)

Inexpensive
Audio
(Continued from Page i8y)

condensers used in connection with the circuit.
The greater the capacity across Li, the lower the
frequency. It is suggested that the oscillator be
calibrated from either tuning forks or a reliable
frequency standard. If only the middle part of
the audio-frequency scale is desired, the oscillator can be calibrated from a piano keyboard by
striking a key that corresponds to the frequency
generated by the oscillator.
An audio-frequency transformer with a fairly
good characteristic between 60 and 6,000 cycles
should be used in connection with the oscillator,
otherwise the higher frequencies will be cut off or
will come through so weak that additional amplification wil be necessary to step up the voltage of the oscillator.
The question of harmonics will probably be
brought up by the readers of this article; it
is admitted that the percentage of harmonics
with this type of oscillator is rather high.
However, the results obtained with the oscil-

JANUARY,

The complete list of apparatus follows:
Ci — Several small fixed condensers of various
C2 —capacities.
Two fixed mica condensers, 0.00025- and
0.005-mfd.;
C3 —0.01Onemfd.);
paper condenser from Ford unit (about
T
cars;
Li L2 — One Ford ignition coil used on Model
Ri — One grid leak, 2 megohms;
R2 — Two Federal potentiometers, 600-ohm;
R3 — One rheostat, 6-ohm;
Swi. Sw2 — Two small multipoint switches
(Carter, Frost, Yaxley, etc.)
Ti istics.
One audio transformer of good characterTo place this oscillator in operation, the following will be needed:
Two power tubes, 1 12A— or 171A— type;
One storage battery, 6-voIt;
B batteries or equivalent power supply, 90-volt:
One C battery, 16.5-volt.

See

(Continued from Page 185)
intensely practical problems as the frequent
conflict between optimum development for the
picture and optimum development for sound,
comparisons between different systems of recording, and other problems which are being widely
discussed and some of which will be considered
in this department. The movie people, of course,
have the same difficulty in the other direction.
At present a lot of skillful bluffers from both
camps are getting by and drawing their imposing

salaries. This will not last. One dark morning the
deflation of experts will begin, and the exproperty men and fourth-rate broadcast operators will be propelled back into the rear ranks.
As a practical criterion at the present juncture, I
should say that no one should be allowed to
qualify as an engineer in sound movie work who
cannot understand all the articles on broadcast
and audio-frequency technique in the Proceedings
of the Institute of Radio Engineers and the

Journal of the American Institute of Electrical
Engineers, as well as the papers on sound movies
in the T ransactions of the Society of Motion Picture Engineers. That is a reasonable minimum;
of course if he can follow some of the optical
material in the latter publication, and the electrical and radio-frequency discussions in the
former two, he is better qualified to hold the
position and is of much greater value to his
employers.
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Endorsement?

Each successive year that we use
Thordarson transformers strengthens our faith in your organization.
Both our laboratory tests and our
experience have proven conclusively
that Thordarson transformers are
in perfect accord with the high
standards maintained throughout
in Zenith Receivers.

President
Zenith Radio Corporation

IN the last analysis, there is no test for the merits
of any product that is more conclusive than an
investigation of the customer clientel of its manufacturer. Among the users of Thordarson Radio Transformers you will find the aristocracy of radio . . .
leading radio set manufacturers whose receivers are
universally hailed as musical instruments of undisputed superiority.
Such an endorsement of performance means much
to any purchaser of radio apparatus. It means that
Thordarson radio transformers have passed successfully the most exacting tests under the eagle eye of
the laboratory.

It means, also, that any receiver equipped with
Thordarson power supply and audio transformers can
be relied upon for a dependability of service and a
fidelity of reproduction that represents the acme of
engineering development.
Whether you are buying a complete receiver or
building your own instrument ... if you are seeking
the ultimate in radio performance insist on Thordarson Transformers.
Thordarson Electric Manufacturing Co.
Transformer Specialists Since 1895
Huron, Kingsbury and Larrabee Sts., Chicago

THORDARSON
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PERFORMANCE
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SHEETS
"THE aim of the Radio Broadcast Laboratory Information Sheets is to present in a
■» convenient form, concise and accurate information in the field of radio and closely
allied sciences. It is not the purpose of the Sheets to include only new information, but to
present practical data, whether new or old, that may be of value to the experimenter, set
builder or service man. In order to make the Sheets easier to refer to, they are arranged so
that they may be cut from the magazine and preserved, either in a blank book or on 4"
x 6" filing cards. The cards should be arranged in numerical order.
Since they began, in June, 1926, the popularity of the Information Sheets has increased
so greatly that it has been decided to reprint the first one hundred and ninety of them
(June, 1926-May, 1928) in a single substantially bound volume. This volume, "Radio
Broadcast's Data Sheets" may now be bought on the newsstands, or from the Circulation
Department, Doubleday, Doran & Company, Inc., Garden City, New York, for $1.00.
Inside each volume is a credit coupon which is worth $1.00 toward the subscription price
of this magazine. In other words, a year's subscription to Radio Broadcast, accompanied
by this $1 .00 credit coupon, gives you Radio Broadcast for one year for $3.00, instead of
the usual subscription price of $4.00.
— The Editor.
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EXPERT workmanship, correct
design and the careful selection
and testing of all materials are responsible for the great popularity
of CeCo tubes.
You'll find a CeCo tube will last
longer, perform better and give
you more genuine enjoyment from
your set.
There is a Ce Co tube for every
meed and they cost no more. They
are the best engineered tube in the
industry. Sold everywhere.
CeCo Mfg. Co., Inc. * Providence, R. I.
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A Resistance-Coupled Amplifier
ohm;
PARTS required
R4 — Three grid-circuit filtering resistors, 50,000Rs — Filament rheostat, 6-ohm;
f\N
Sheet
No.resistance-coupled
250 is published
Ci — Three coupling condensers, 0.01-mfd.;
^amplifier
theLABORATORY
circuit
diagram
of
a
illustrating the use of filter circuits in the
C2 — Six by-pass condensers, 1-mfd.;
plate and grid leads. As explained in Sheet No. 243,
C3 — One by-pass condenser, 0.0002-mfd.;
lack of proper filter circuits will cause distortion
C4
Outputchoke
condenser,
Li —— R.F.
coil; 4-mfd.;
due to common coupling in the plate supply. It will
L»Sw—— Output
choke
coil, 30-henries;
frequently be worth while to incorporate such filter
Filament
switch.
circuits in existing resistance-coupled amplifiers,
especially if the amplifier exhibits a tendency to
The detector and the first two of the audio ampli" motorboat " or distort.
fiers may be 240-type tubes and the power tube
may be any type, depending upon the personal
In
operating
a
resistance-coupled
amplifier
it
is
preference of the builder. The voltages applied to
especially important that overloading be prevented
by keeping the volume down to the point where
the B-pluswill,
power
terminal depend
and theupon
C-minus
power-of
terminal
of course,
the type
none of the tubes draw grid current, and it is up
tocurrent
the user
of
the
amplifier
to
operate
it
so
that
grid
power
amplifier;
it
is
recommended
that
a
171adoes not flow.
typeThepower
tube and
be used.
In constructing the amplifier illustrated on the
simplest
most satisfactory construction
next sheet the following parts will be required:
tois tofollow
building
a resistance-coupled
mountin the
tube sockets
and the resistoramplifier
mounts
Ri — Three plate-coupling resistors. 250,000-ohm;
R2 ohm;
— Three grid resistors, 2-megohm;
for
the
gridand
plate-coupling
resistors
all leads
in a
line.
With
this
arrangement
the
grid
and
plate
Ri — Three plate-circuit filtering resistors, 25,000between the tubes and the coupling resistors are
very short.
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/^W what BIG money
these fellows have made
in the RADIO BUSINESS
Jhow
to
start
a spate
$375 One Month Spare Time
time
of
full
time
"Recently I made $375
one month in my sparein
time installing, servicing,
Radio
Business
selling Radio sets. And,'
not so long ago, I earned
enough in one week to pay
for
my course."
oT Voui»
EARLE
CUMMINGS,
Own
^
18 Webster St., Haverhill, Mass.
SIS97 In Five Months
without
cafiitaC
"The N. R. I. is the best
Radio school in the U. S. A.
I have made $1597 in five
Radio's amazing growth is making many big jobs. The worldwide use of receiving sets and the lack of trained men to sell,
months. I shall always tell
install and service them has opened many splendid chances
my friends that I owe my
for spare time and full time businesses.
successHENRY
to you."J. NICKS, Jb.,
302 Safford Ave.,
Ever so often a new business is started in this country. We' have seen how
Tarpon Springs, Fla.
the growth of the automobile industry, electricity and othifif 9 made men rich.
$1X64 Spare Time Profits
Now Radio is doing the same thing. Its growth has already made many men
" Look at what I have made
rich and will make more wealthy in the future- Surely you are not going to
since I enrolled, $1,164 —
money I would not have
pass up this wonderful chance for" success I Will Train Ton At Home In Tour
More Trained Radio Men Needed
had otherwise. I am certainly glad I took up Radio
Spare Time .
A
famous
Radio expert says there are four
with N. R. I. I am more
[ bring my training to you. Hold youf job.
good jobs for every man trained to hold them.
Give
me
only
part
of your spare time. You
Radio has grown, so fast that it simply has
thanHENRY
satisfied."
R. HE1KKINEN,
don't
have
to
be
a
college or high school
not
got
the
number
of
trained
men
it
needs.
123 W. Erie St., Chicago, 111.
graduate..
Many
of
my
graduates now makEvery
year
there
are
hundreds
of
fine
jobs
Over SIOOO In Four Months
among its. many branches such as broad*
ing big money
in14,Radio
didn'toldeven
grades.
Boys
15
years
and finish
men the
up
to 60 have finished my course successfully.
"My opinion
N. R.bestI. casting stations, Radio factories, jobbers,
course
is that ofitthe
is the
dealers, on board, ship, commercial land staTon Must Be Satisfied
to be had at any price.
tions, and many others. Many of the six to
ten
million
receiving
sets
now
in
use
are
only
I will give you a written, agreement the day
When aI condenser
enrolled I from
didn'ta
know
25% to 40% efficient. This has made your
you enroll to refund your money if you are
not satisfied with the lessons and instruction
big chance for . a spare time or full time
j? transformer, but from December to April I made
service when you complete the course. You
business of .your own selling, installing, repairing sets.
are the only judge. The resourcesof the N. R. I.
a „"
well over 81000 and I only
So Many Opportunities Ton Can Make
Pioneer and Largest Home-Study Radio school
"
mornings.
the
in
worked
^vi:^
VIlpSA
AL. JOHNSON.
Extra Money While Learning
in the world stand back of this agreement.
^
1409 Shelby St., Sandusky, Ohio.
Many of our students make $10, $20, $30 a
Get My Book
Find but what Radio offers you. My 64-page
week
extra
while
learning.
I'll'
show
you
the
plans and ideas that have proved
book,
Richthe Rewards
in Radioop-"
successful for them — show you
points "out
money making
J his Book,
how to begin making extra money shortly after
portunities the growth of Radio
you enroll. G. W. Page, 1807-21st Ave., S., hfiiUdottt What
has made, for you. Clip the couNashville, Tenn., made $935 in his spare time
while taking my course.
pon. Send it toin me.
be obligated
the You
least.won't
I Give Ton Practical Radio Experience
With My Course
Address
My course is not just theory. My method
gives you practical Radio experience —
J. E. Smith* Pres.
the "how"
.youof learn
practically
every and
type"why"
of Radio
set made. This gives you confidence totackle any Radio problems
Dept. 9 M 82
rational Radio Institute
a nd shows up in your pay envelope too.
You can build 100 circuits with the Six Big
Outfits of Radio parts
I give you. The pictures
here show only three of
them. My book explains
tny method of giving prac«
tical training at home.
Get your copy !

Washington*

D. C.

ung

J. E. Smith,
President.
National
Dept., 9 Radio
M 82 Institute, Washington, D. C.
Dear Mr. Smith: Send me your book. I
want to know more about the opportunities
in Radio
of teaching'
at
home and
in your
sparepractical
time. . method
This request,
does
a I
not obligate me to enroll and I understandnd
no agent will call on me..
loes.
Name...,
Age.
Address
City,

State.
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Safeguard
A.

Your

C. Installation

SATISFACTORY and economical operation of A. C. receivers
is contingent upon maintaining close
regulation of operating voltages, by
means of suitable A. C. measuring
instruments. This is necessary because of the wide fluctuation in the
potential of secondary lines furnishing current to house lighting circuits.
Set manufacturers, dealers and electric light and power companies
everywhere are cooperating to the
end that voltage regulation, both
on supply lines and in connection
with voltage control equipment of
the receivers themselves, may be
effected for the better operating service of all set owners. For this
reason, as well as for other testing
requirements outlined in the following, all purchasers of A. C. receivers
are urged to provide themselves
with an instrument such as is shown
in the illustration — known as the
Weston Model 528 A. C. Voltmeter,
range 150/8/4 volts.
When you find that there is an excessive in-put voltage, it follows
that there is too high a voltage on
the filament which shortens the
operating life of the rectifying tubes.
The Model 528 Voltmeter therefore
checks the line supply voltage at all
times and indicates when adjustments should be made to manually
operated line voltage regulators
between the power supply and the
power transformer.
This voltmeter also indicates when
the line voltage is over rated, thus
enabling the operator to make an
adjustment in the set for the higher
line voltage so that normal life can
be obtained from his tubes.
The Model 528 is also made as Ammeters which are especially useful
in checking the total load of the A.
C. Set — in conformity with set
manufacturers' instructions. The
determination of A. C. filament flow
in A. C. tube filament circuits is
easily obtained by means of this
instrument.
Write for your copy of Circular J
fully describing the Weston Radio
Line.
Weston Electrical Instrument
Corporation
604 Frelinghuysen Ave.,
Newark, N. J.
WESTON
RADIO
INSTRUMENTS

ADVERTISER
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Moving-Coil Loud Speakers
DESIGN OF THE COUPLING TRANSFORMERS
and if this tube were used the maximum undistorted power output would be obtained (since
YKTHEN an engineer designs a moving-coil loud 4000 ohms is twice the plate resistance of a 171a).
If. however, this loud speaker were to be used with
* ' speaker,
he
alro
has
to
design
the
input
transformer which is used to couple the loud speaker and a 112a- or 210-type tube, both of which have a plate
resistance of about 5000 ohms, then only 40 per cent,
receiver. The impedance ratio of this transformer
of the maximum available power would appear
will depend
of the ofmoving-coil
system
and upon
upon the
the impedance
plate resistance
the power across the loud-speaker circuit. Also, when a high
plate resistance tube is used with a low-impedance
tube what
in thetypereceiver.
engineer
know
of powerSince
tube the
the buyer
of thedoesn't
loud load the tube characteristic is curved (see Laboraspeaker is going to use, upon what facts does he
tory Sheet No. 124) and this produces distortion.
base his decision regarding the impedance ratio of Evidently then, if such a design were decided upon,
the transformer which is finally incorporated in the the power loss would be somewhat greater than half
loud speaker?
when using
or 210-type
and alsoof distortion woulda 112abe produced
due totube
curvature
the
The fact has been mentioned many times in these tube's characteristic.
data sheets that the maximum undistorted output
is obtained from a tube when the load into which
If the transformer were designed so that from the
it works is equal to twice the plate resistance of the primary the impedance was 10,000 ohms then the
tube. A curve was also given on Laboratory Sheet maximum amount of undistorted power would be obNo. 237 showing how the power output changed with
tained from a 112a- or 210-type tube, since they are
variations in load impedance and this curve indi- both 5000-ohm tubes. On the other hand, if a 171acated quite clearly that a large percentage of the type
tube
a 2000-ohmweplate
were used70
transformer
stillresistance
would obtain
maximum amount of undistorted power was still with this with
available in the load, even though the load resistance per cent, of the maximum power, and, since the
load, 10,0002000ohms,
much greater
was 5 or 6 times greater than the plate resistance plate
tube resistance,
ohms,is distortion
wouldthannot the
be
of the tube. Suppose the engineer designed the coup- introduced
due to curvature of the characteristic.
ling transformer so that looking into the primary the impedance is 4000 ohms. The plate correct
This design
of
the
transformer
is
obviously
the
one.
resistance of a 17lA-type tube is 2000 ohms
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Audio Amplifiers
IMPORTANCE OF BY-PASS CONDENSERS
the grid viouofsly be only
the tube.
voltage,
Ec, should
oba d.c. This
voltage,
but, since
the circuit
TN SKETCH A on this sheet we illustrate the cir- is a series resonant one, considerable a.c. voltage will
-t cuit of a single-stage audio amplifier. Resistor be developed across the resistance and be impressed
R, being connected in series with the cathode of the back on the grid of the tube. This voltage impressed
tube, functions to supply C bias to the grid of the back on the grid will be out of phase with the origtube. Should the resistance, R, be bypassed with a
inal voltageplification aand
will, therefore, reduce the amcondenser?
thigh itfrequencies.
If this circuit were casually analyzed one would
These facts were checked on an amplifier in the
be inclined to answer this question negatively, since Laboratory a short while ago and proved to be true.
this resistance is in series with the primary of the
low-frequency response of the amplifier was
audio transformer, T, and the impedance of this The
unaffected
by thefrequencies,
condenser however,
across thethere
C-biaswas re-a
circuit is very high. Consequently the a.c.
sistor. At high
currents around through the plate circuit and
very
considerable
loss
in
gain
unless
a
by-pass
conthrough the resistance ought to be very small. If,
denser of 1 or 2 mfd. was placed across the resistance.
however, we draw out the equivalent circuit, as we
It
is
therefore
recommended
that
home
constructhave done in sketch B, a different condition is seen
always make certain that all the C-bias resistors
to exist. This equivalent circuit represents what the are orsproperly
bypassed.
tube and transformer look like
at high
audio
frequencies,
La
bei— ^ — rJW)
ing the leakage
in the
transformer
and inductance
C the distributed
capacity
into theandprimary. R is reflected
the grid resistor
Rp
the plate resistance of the tube.
At
high
frequencies
this
is
a
series
resonant circuit and the currents
are, therefore, quite large. For
this reason a comparatively
large voltage may be developed
across pliesthethe C-bias
resistorvoltage,
R whichEc,sup-to
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Shielding
SUGGESTIONS REGARDING ITS USE
SHIELDING is used in radio receivers for two
First, it ofprevents
directpowerful
pick-up,local
by
the purposes.
coils in a receiver,
signals from
stations, for, when such pick-up exists, the receiver
is likely to be non-selective. Second, the use of
shielding prevents electrostatic and electromagnetic
coupling between the various parts of the circuit,
particularly
the isvarious
Electro-of
static coupling
readily inductance
prevented, coils.
thin sheets
shielding material between the apparatus to be
shielded generally being sufficient. Electromagnetic
coupling is more difficult to prevent. The prevention
of such coupling necessitates the use of very complete shielding, the joints must be tight and a maused. terial with a low electrical , resistance must be
The shielding in a receiver should be used for
only
one purpose
— shielding.
It should
not bea used
to conduct
currents,
for example,
between
coil
and a condenser. If this is done the usefulness of the
shielding frequently will be destroyed due to the

fact that these currents flowing through the shielding material constitute circuits which can readily
produce
All the coupling
shielding toinadjacent
a receiverconductors.
should be grounded
and connected also to negative-B, negative-A, and
plus-C wires. Except for the fact that the shield
for thebe A-minus
wiring
ofmaythebe setusedshould
done as conductor,
though thetheshielding
were not present. In other words, the fact that some
condenser, for example, one of the tuning condensers,
is connected to the shield should not cause us to
connect one end of a tuning coil to the shield and
thereby complete the circuit through the shielding
material. Instead a lead should be run from the tuning coil to the tuning condenser so that the currents
in
this circuit
will pass through this lead and not
through
the shielding.
The coils in a receiver should preferably be located about central within the shielding compartment, since in this position the increase in resistance
of the coil due to the shielding will be a minimum.
If these simple rules are followed in constructing a
shielded receiver, many difficulties will be prevented.
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On

the

Iftyrd

Antarctic

Expedition

Only
DURHAMS
sire
Used!
— another tribute to
the DURHAM
Metallized principle! — another tribute to the extreme care with which
DURHAM

Resistors, Powerohms

and Suppressors are made! — another tribute to DURHAM

accuracy and utter dependability! — read the above letter from Chief Radio Engineer Malcolm
P. Hanson of the Byrd Antarctic Expedition. In effect he says "We are using DURHAMS
exclusively because past experience has taught us! that they can be relied upon for perfect
performance under even the most adverse conditions". DURHAM Resistances are available
for every practical resistance purpose in radio and television work from 250 ohms to 100
Megohms

and in ratings for all limited power

endorsed

by leading engineers and sold by leading jobbers and dealers. Descriptive liter-

ature on the entire line of DURHAM

RESISTORS
INTERNATIONAL

RESISTANCE

purposes. Used in leading radio laboratories,

products will be gladly sent upon request.

&
CO.,

POWEROHMS
2006

Chestnut

Street,

Philadelphia,

Pa.

RADIO

206

BROADCAST

No. 254

ADVERTISER

Radio Broadcast Laboratory Information Sheet

January, 1929

A. C. Tubes
EFFECT OF FILAMENT VOLTAGE
TT IS becoming increasingly common to find manu1 facturers
designingto the
power
transformers
supplyfilament
voltageswindings
somewhaton
less than those rated for use with 226- and 227-type
a.c. tubes. One parts manufacturer is marketing a
filament transformer designed to supply 2.25 volts
to the filament of a 227-type tube, although the
rated voltage of this tube is 2.5 volts. A study of the
circuit diagrams of manufactured receivers published in Radio Broadcast will bring to light other
cases where a.c. tubes are supplied with somewhat
lower than rated voltage.
The life of a vacuum tube depends very much
upon the filament voltage with which it is supplied,
and
very small
increase
in voltage
abovefrequently
the rateda value
will cause
a considerable
shortening in the life of the tube. With a.c. tubes
this problem has assumed especial importance, for
these tubes are subjected to variations in filament
voltage in accordance with any fluctuations of the
line voltage. If the line voltage becomes somewhat
higher than that value at which the set is designed
to operate,
tubesis shortened
receive excessive
filament voltagetheandvarious
their life
to a marked

No. 255

extent. It is for this reason that manufacturers have
designed the power transformer to deliver somewhat
lower than rated voltage to the tubes so that even
if the line
rises above normal the tube filaments willvoltage
not be overloaded.
A.C. tubes, types 226 and 227, will give entirely
satisfactory operation at less than the rated voltage.
The table on this sheet, obtained from figures in the
Cunningham Tube Data Book, gives the characteristics of the and
226-type
tube thewithlatter
a filament
voltagethatof
1.3 volts
1.5 volts,
value being
at which the tube is rated. The slight increase in
plate resistance and decrease in mutual conductance
which results when the tube is operated at 1.3 volts
is not sufficient to affect its operating characteristics.
The
227-typeand,
tubetherefore,
saturatesit atalsoabout
volts on
the filament
may 1.9
be operated
at somewhat
less
than
its
rated
voltage
with
satisfactory results.
PLATE
MUTUAL
AMPLIFITUBE FILAMENT
CONDUCCATION
VOLTAGE
TANCE FACTOR
ANCE
8.3
750
8.3
830
1.3 IMPED10,000
226
1. 5
9,000
226
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Band-Pass Circuits

carry
to

you

safely

all "Front99

page

With

events

a new,

wide-

awake Cunningham
Radio

Tube

in every

socket of your set you
are

"among

those

WIDTH OF BAND
TDAND-PASS filters, as used in radio receivers,
consist
of produce
an arrangement
coils and
condensers which
a resonanceof curve
of a form
approximating that illustrated in the drawing on
this sheet. It is possible to design a circuit to have
a band-pass characteristic by the use of two separate
tuned circuits, each tuned to exactly the same frequency and coupled. The coupling may be produced
by condensers, by a separate coil, or by simply
placing
coilsis ofsomethe coupling
tuned circuits
such relation thatthethere
betweenin them.
One
of the isticmost
important
characters
o
f
a
band-pass
circuit
is
the
distance between the two peaks
in J.theH.curve,
markedin Principles
<*>i and of
Morecroft
Radio Communication gives some
formulas for coupled circuits. If
two circuits
coupled
inductively, then thearewidth
in kilocycles
of
the
bandj
between
<0i
and
equal to the resonant frequencyis
of either circuit alone multiplied
by the percentage coefficient of
coupling, k, between them. For
example, we might take two

coils and two condensers, arrange them in the form
of two tuned circuits adjusted, say, to 1000 kilocycles. When there is 1 per cent, coupling between
them then the width of the band will be equal to
band with=(0i
= 10
1000xkc.kx 0.01
The width of the band is, therefore, 10 kilocycles.
It should be noted that the band width is directly a
function of k>i (or o>> since they are both tuned to
the same frequency). Therefore, if the percentage
coupling remains constant then the width of the
band at 500 kc. is 5 kilocycles and at 1500 kc. is 15
kilocycles. The fact that the width
(U2
of thecastband
band invaries
a ratiooverof the
3 tobroad1 (5
kc. to 15 kc.) is a disadvantage, it
being desirable, of course, that the
width stant
of over
the thebandentire
shouldbroadcast
be conrange. If the circuits were capacitatively coupled the characteristic
would be ductive
opposite
coupling tois that
used,when
i.e., inat
1500 kc. the band width would be
5 kc, at 1000 kc. the width would
be
10 kc,
width
wouldand beat 15500kc.kc. the band

present" whenever
and wherever things
happen. With these
faithful sentinels on
duty, you are reliably radio-informed.
Look

for the monogram on the top

of each tube and

in-

sist on them by name.
E. T. Cunningham, Inc.
NEW YORK - CHICAGO
SAN FRANCISCO
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Power Output
HOW MUCH IS REQUIRED?
T_TOW much available power in the output tube
of a radio receiver does one need for ordinary
home reception when using a standard loud speaker?
This is a question about which one can find many
diverse opinions. In Laboratory Sheet No. 245 we
quoted George Crom to the effect that the usual
loud speaker requires an input of 1 to 1 .5 watts for a
volume of reception slightly above normal. In the
Cunningham Tube Data Book (which costs $2.50
and which we recommend that you purchase, if
possible)
read, "For
home areception,
with ofa
speaker ofweaverage
sensitivity,
tube capable
supplying
at
least
100
milliwatts
(0.1
watt)
maximum undistorted power output is recommended.
The use of a tube giving lower output is almost
certain to result in distortion appreciable to the
listener.serveItpoweris available,
very desirable
additional 500
reup toto have
approximately

milliwatts, if the "B" power required can be consupplied. ifUnder
such conditions
ity will notvenientlysuffer
the volume
is turnedthea quallittle
above normal, as may be required in a large room
or for dancing, or if the loud speaker is somewhat
lowThein sensitivity."
average
of Georgerecommends
Crom's figure
1.25
watts and
Cunningham
0.500iswatt.
The mean of these two is 875 milliwatts, 0.875 watt.
If the table of Laboratory Sheet No. 246 is referred
to it will be found that the smallest power tube giving approximately this output is the 171a which is
capable
of supplying
to the loud
speaker. a maximum of 700 milliwatts
It, tiontherefore,
seemstubefairortocombination
state that anyof tubes
installa-in
using a power
the output such that the available power is about
0.7 watt, that this amount of power will be suffito permit overloading.
loud-speaker reproduction at fair
volumecient without
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Blast

your
with

IhiriL

way
the

through

super

Radio's latest and greatest super is the chance of a
life time for custom set builders. Four screen grid tubes.
One dial and one spot. 250 tube power amplifier. A C
heater or D C tube operation. No wonder they're selling them like wild fire.

NINE*

to go wrong. When you sell one, it will stay sold. It's
a five year set, allowing short wave operation and excellent reproduction of television signals. The Special
Nine is years ahead of everything else in the radio
List
40Net,& 2less
%
Price
field. And it's priced right, too —
95.00
D C Chassis — 9 tube
A C Chassis — 8 tube
(250 external) ....
105.00 61.74
#55.86
Set builder's wiring charge for
either set
30.00 17.64
250 Power Amplifier and B supply, factory wired . . . 77.00 45.28
Prices are without tubes. The A C set requires the
250 power amplifier and B supply for operation. The
power amplifier will also operate with and furnish plate
voltages to the D C Special Nine.
Wide awake set builders! Attach coupon to your
business stationery and send for our new plan showing
how to sell at low prices and make large profits. Mail
the coupon today. Grasp this golden opportunity now!
If you have mailed a previous coupon to the High
Frequency Laboratories, please do not mail this one, as
you will automatically receive complete information.
HIGH FREQUENCY
LABORATORIES
Office: 8-28 N. Sheldon St.
Chicago, Illinois
HIGH FREQUENCY LABORATORIES
Office 8, 28 N. Sheldon St., Chicago, 111.
Gentlemen:
Without obligation please send literature describing the HFL Special Nine, also the new 250
Power Amplifier and B Supply. I have never
mailed a coupon to you before.
Name
Address
Ci/y
(Please print plainly)Slate
Not a kit of loose parts, but a factory assembled chassis ready for wiring. Screen grid amplifier wired and tested.

II1I

You've never heard anything like the H F L Special
Nine. Full loud speaker volume on 3,000 mile signals.
Perfect selectivity that let's you get right alongside of
the big boys. Tone quality that's a revelation. Absolutely no oscillation.
This H F L job is built like a Mack truck. Nothing

♦ ♦ ♦

powered

SPECIAL

GUARANTEED to out perform any radio set on
earth. Priced at #55.86. A set builder's money
making plan that's a knockout. There's the story of the
H F L Special Nine.

HFL

/I

a
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ARCTURUS
A
HAS

REMLER

KIT

IT!

for every location
A

7-SECOND

DETECTOR
THE REMLER 29
incorporates a stage of shield-grid
radio frequency amplification, oscillator,
first and second detectors in the first of
which regeneration is used, three stages
of transformer-coupled shield-grid intermediate amplification functioning at 115
Kc, and an audio amplifier. It is to be
built up on a pressed steel chasis which
is drilled for Remler Audio Transformers. Remler Audio Transformers provide reproduction far superior to that
which can be had from any other units.
Either one or two stages of audio amplification can be built into the receiver
proper. It is particularly recommended
for use in cities where the usual broadcast congestion exists.

It's the fastest acting Detector
in the world — the Arcturus No.
127. No other Detector on the
market brings programs in so
quickly, so clearly.
Put Arcturus A-C Long Life
Tubes in every socket — for increased, undistorted volume —
for better all-around reception
— to end frequent tube replacements! Ask for the blue Arcturus
Tubes Nos. 127, 126, 071, 180.
Arcturus Radio Company, 220
Elizabeth Avenue, Newark, N. J.

Arcturus No. 127
7 -Second Detector

ARCTURUS

A-C

OUTPUT

long

life

TUBES

TRANSFORMERS
for

DYNAMIC

Type 541-C
OutputTransformer
(For Dynamic Speaker)
Price $10.00

SPEAKERS

The General Radio Company manufactures
two types of output transformers designed for
use with dynamic speakers. The type 541-C
Push-Pull Output Transformer, illustrated, is
for use between two power tubes connected
in a push-pull system and the movable coil of
a dynamic speaker. The Type 585-0 Output
Transformer which is similar in appearance to
the Type 541-C is intended for use between a
single power tube and the movable coil of the
dynamic speaker. Both transformers possess
unusually good frequency characteristics and
may be used with power tubes of the 250
type. The price of the Type 585-0 Output
Transformer is $7.00.
Write for Bulletin No. 931

GENERAL
30 State
274

St.

Brannan

St.

THE BEST 115 KILOCYCLE
SUPERHETERODYNE
differs from the Remler 29 in that it incorporates two stages of shield-grid
radio frequency amplification instead of
one and two stages of impedancecoupled fication
shield-grid
amplifunctioning atintermediate
115 Kc, as against
three stages of transformer-coupled intermediate inthe "29."

RADIO

. aut

THE 1928 INFRADYNE
pfwhich comincorporates one
feature
iJ
mends itto everyone. While it is a tentube set a switch is provided so that a
five-tube, single-dial tuned radio frequency set is immediately available for
local
Thissetsingle-dial
feature
makes reception.
it the ideal
for all members
of the family. The complete Infradyne is
immediately available whenever the
extra selectivity and sensitiveness necessary for distant reception are necessary.
The Infradyne is intended for antenna
operation and may be operated from a
"B" eliminator if desired. A storage batsupply.tery is recommended as a filament
Complete
information
on anyupon
of these
popular
circuits
will be mailed
request.

CO.

Cambridge,
San

if

Francisco,

Mass.
Calif.

REMLER
GRAY
& DANIELSON
MFG. CO.
™
Remler Division
260W
First Street
San Francisco, Calif.
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TUST as the Elkon dry, low-voltage rectifier revolutionized the design of chargers
and "A" Eliminators, the new Elkon "B" type Rectifier will revolutionize the
design of "B" Eliminators.
The Elkon EBH Rectifier plugs into any Eliminator using the former standard
"B" rectifier tube. Simply take out the fragile 1.000 hour tube — plug in the husky
Elkon EBH and the change is made. No changes in wiring — no adjustments.
It is sturdy, solid, dry — has none of the frailties of a tube — not affected by accidental overloads or line surges. It is self healing. The power is smoother, quieter.
From the orders already received from dealers and jobbers in all parts of the
country, we know that we will be tremendously oversold this season — only 200,000
of these revolutionary rectifiers will be available.
The elaborate manufacturing, testing and aging equipment necessary to produce the Elkon EBH Rectifier precludes any greater production the first year
Look for the Red and Yellow display carton on
your dealer's shelves. The new EBH is packed in a
metal can.
Buy one from your dealer today! Plug it into
your "B" Eliminator — Trouble free for at least
5,000 hours!

ON, of rye.
ELKDivision
Hand □d Eye must synchronize in teeti
the Elkon EBH Rectifier

P. R. Mallory & Co., Inc.
350 MADISON AVE., N. Y. CITY
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Last ! ! An Efficient
Short Wave Adapter
Two Models:
A. C. & Battery Operated
AC. HUM ENTIRELY
ELIMINATED

You Can Forget the Condensers — If They Are DUBILIERS'
Specially designed
for
Thordareon
Power Packs
Ir
Type 574 for use with the
Ratheon Bli tubes or the
Elkon Metallic EBH rectifier.
Type 575 for use with 210
type
tubes.tubes and 281 rectifier
Type 1152 for use with 210
and
250 type
rectifier
tubes.tubes and 281
Type 1120 for use with 280
type rectifier tubes or the
Elkon E-80 metallic rectifier.

List Price

Complete
with
PATS. APP. FOR
FOUR

Wave Length Range 16 to 225 Meters.
Note Compartment to hold Spare Coils.
.00015 S.L.F. Variable Tuning Condenser.
Antenna Tuning Condenser allows for Use
on Any Aerial.

There
is

No

$2Qoo
OCTOCOILS

Substitute

No amount of lurid claims by
nimble-penned advertising
writers will take the place of
quality in the final analysis —
the operation in your power
supply.
Ever since the advent of Radio,
Dubilier has been the manufacturers' standard — and the
set builders' stand-by. Built
in every Dubilier Condenser
is a factor of safety which is
your safeguard for years of service without failure.

f

for

Quality!

DUBILIER

LIGHT

SOCKET

AERIAL

— "A Moulded Bakelite Product"
Bring in programs with a
minimum of interference. Do
away with the unsightly and
trouble causing outside aerial
and lightning arrestor. Simply
attach to the set and plug into
the nearest light socket. Uses
no current. Sold by all good
dealers. Price $1.50.

List
Price

OCTOCOILS
The most efficient Short Wave
Coils made. Space wound with
12-14-16-22 Bare Copper Wire
on Colored Bakelite. Electrically and Mechanically correct.
3|" high and 2" in diameter.
Per Set of Four

Manufactured by Coils Dept. C
SHORT WAVE & TELEVISION LABORATORY
104 Brookline Ave. Boston, Massachusetts
$400

Be
Warned

Dubilier
CONDENSER
CORPORATION
10 East 43rd Street, New York Citv
Address
Dept. 32

catalog
for free

conT
in your rate
YOU can usedenserssecond
SHOR
VER — BUT, reWAVE RECEI
member the feUow blowing the
ne
trombo
whonizecompla
blow it in so
und ined,
it comes"I
"
out
so rotten.
HIGH
FREQUENCY WAVES
will go into your circuit readily
enough, but the results may
not be so good.

V ;— loW/b I—
Reg. U.S. Pat. Off.

Build

it i

Right
This New ofCatalog

parts and accessories will help you.
Yaxley products are used in vital
places in many of the most prominent
and successful sets on the market
today. Send for the new catalog.
YAXLEY MFG. CO.
Dept. B— 9 So. Clinton St., Chicago, III.

IMPROVED MIDGET
T elepleX
only
Code Instructor

Learn
Code! Be a GOOD RADIO OPERATOR!
This amazing instrument teaches you code in half the
usual time. Just like having an expert operator in your
home. Sends you messages, radiograms, etc., the same
as an operator would. Code lessons recorded on strong
waxed-tape
everything
and onclear.
Model
shownrecords
above,makeequipped
to besimple
operated
any
phonograph, with code lessons will be sent prepaid anywhere in U. S. for $5.50. Complete with high-frequency key and
buzzerof $7.50
to reproduce
actual
sending
expert Guaranteed
operators. Send
today!
TELEPLEX CO.
72 Cortlandt St.
New York, N. Y.

CARDWELL TAPER PLATE Condensers have heavy, die cast plates, hold
their give
calibration,
don'tso vibrate,
will
the stability
necessaryandin
the
SHORT
WAVE
RECEIVING
CIRCUIT.
YOU'RE NOT GAMBLING WHEN
YOU CHOOSE A CARDWELL
CARDWELL CONDENSERS
VARIABLE— FIXED—
TRANSMITTING—RECEIVING
"The Standard of Comparison."
Literature upon request
The Allen D. CardweU Mfg. Corp.
81 Prospect Street Brooklyn, N. Y.
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TWO

Outstanding

^Raytheon1
Achievements

n

It

a
^AYTHE0|\j
KINO- LAMPwhispering

Raytheon"\
0
1
Already Raytheon has brought
television tubes past the "anything that works" stage to a point
where reliability and long life are
added to practicability. The Raytheon Kino-Lamp is the long-life
television receiving tubeadapted to all systems and made
in numerous types.
T- * Price,
D • $7-50
List
*
^

ruin
any

the
set

campaign
popularity

owner

—

//

will
of
the

set

has

Remember it isn't what they say to your face
about your set — it's what
they
behind
ds"
oi
ensay
ad
your back. And how those
hammers
do get
busy
when they get a set with "adenoids" to
talk about.

AmerTran DeLuxe —
1 st stage turn ratio, 3.
2nd stage turnratio,4.
Price each $10.00.

Preserve the good opinion of your friends —
and get the enjoyment you deserve — perform that adenoid operation today — take
out the inferior transformers and in their
place put AmerTran tone-true radio products.
You can use AmerTran DeLuxe audio transformers— or push-pull for 171 tubes — or
better yet the completely built Power Amplifier for two 210 type tubes and the AmerTran Hi-Power Box.
No matter what the change — if you switch
to AmerTran you will improve the quality of

Ray the on "V
X
F>to-Cell /
Again, in this sending tube, Raytheon
has developed plus-service through long
experimentation and research. TheFotoCell comes in either hard-vacuum or gasfilled types, and in two sizes of each.
Information and prices upon application
Write us for further information
regarding Raytheon Television Tubes
RAYTHEON
MFG. CO
CAMBRIDGE, MASS.

AmerTran P ush-PulI Power
Staee (illustrated
above) —
completely
transformer wired
and awith
choiceinputof
4 output transformers depending on speaker and
power tubes. Adaptable to
171 or 210 tubes, cones or
dynamic type speakers.
Price, east of Rockies — less
tubes— #36.00.

your set.
Perform that adenoid operation todays— turn
the sneers to cheers! AmerTran Radio Products will do the job for you.

AmerTran
AMERICAN TRANSFORMER COMPANY
NTT
70 Emmet St.
Newark, N.J.
Transformer Manufacturers for more than 2Q years.
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Improved socket
antennarectlyplug
corbuilt— New
type
and
mica brass-plate
blocking
condenser. 10cord.
ft, Neat.
connecting
Compact.
Works anywhereSafe.
And

I Ik1!' I

only Sl.iO'

cost no more than
HAMMARLLND Parts
n pay for infeyou ofteparts.
rior
Harnmarlund Farts cost
less in the long run and
you have
the satisfaction of knowing
that
they are backed by 17
y ears of experience and,
have the unqualified
endorsement of the
world's leading radio
engineers.
If your dealer can't
supply you, writej di-

For

DX

Results

You must have maximum signal
pick-up. Don't depend on skimpy
antenna. Don't be discouraged by
•'dead spots." Just use a Clarostat
Antenna Plug, alone, or as a
"'booster." You'll be surprised!
Also, use proper grid leak value —
from 2 megohms or less for "locals,"
to 10 megohms for DX. The GRID
LEAK CLAROSTAT provides precise
values at all times.
And "C"
be sure
you have correct "B"
and
voltages.
Several types of
Clarostat will attend to that.
" '
plete
line of Clarostats
and how
^or literature
describing
toWvit(>
improve
radio results.
Or ask comyour
dealer
aboutyour
Clarostat
radio helps.
CLAROSTAT MFG. CO., INC.
Specialists in Variable Resistors
284 North Sixth St., Brooklyn, N. Y.

The famous
•'MIDLINE"
CONDENSER
Radio
has
never engineering;
devised a finer
toning
inslruoienLE'
noders feature, iucluc.
3ing
haft fu!tand floating
ball be; roloj

'—

Space-wound,
diameter.
High2"im-in
with three taps.
pedance priniar**
Specially
designed
lor shield-grid
tubes.

R.B. %
□ Enclosed 25c \>
for
"HiQ-29" v
Manual.
\/k
n Enclosed 10c for *^
Short- Wave Manual. ^
Hammarother ratu
] I1 Send
re. r\
<S>
Iund Lite
Name
Street

I

City
State

NEW
THERMATROL
Voltage Control
Protects AC Tubes From Burning
Out In Electric Sets
AC Tubes for electric sets burn out easily
and are expensive. Don't take a chance
when you can protect all the tubes in
your set and condensers in the power
pack with a Thermatrol Voltage Control. Only $1.75 — less than half the cost
of one tube, yet protects them all. If
your
direct.dealer
Save can't
your supply
tubes. you, order one
The THERMATROL MFG. CO.
52 Willow St., Springfield, Mass.

in

inn airily

cLAROSTAi
Reg. TJ. S.
p>t a

FERRANTI
Radio

Products

ii

PRODUCTS

Builders
S'*offersSet
NEW
Barawik
set builders bigger
bargains
—
bigger
opportunities
money this season. New sets, tonewmakekit
ideas, all the leading parts, dynamic
speakers,prices.
supplies,
etc.stocks,
Lowest rockBigger
service.bottom
Send for Big Bargain
Book today— quicker
Jree.
sa.-A.
CGaor,ust
BARAWIK CO., 1c3rt.4CA
SET

BUILDERS
write for
Discount Card
Enabling you to purchase the new and
Improved Knapp"A"Power Kit at big
discount — -Write for full particulars.
DAVID W. KNAPP, Pres.
*
Knapp Electric, Inc.
►
Division of P. R. Mallory & Co. Inc.
Room 414, 350 Madison Ave., N. Y. C.

Highest formers
quality
outputpurpose
transfor poweraudio
and andgeneral
amplifiers.
Don't lose sight of the fact that the
best audio amplifier can be rendered ineffective through the use of a poor outputvicetransformer
or other
amplifying
dewhich falsifies
or fails
to transmit
all frequencies.
Ferranti Output Transformers get the
best out of your amplifier and speaker.
Mag.
Type Ratio Mag.
Amplifier Tube
1-1
Standard 171-210
171-210
Speaker
Standard
OP-8 C
Push-Pull 171-250
OP-4 C
Dyn.
Push
Pull 171-250
OP-1 CC 25/50/1
OP-4
25-1
Push-Pull
171-250
OP-2
1.9-1 Dyn.
25-1 dataDyn.
Technical
and prices sent on
request
FERRANTI, INC.
130 West 42nd St., New York, N. Y.
FERRANTI, Ltd.
FERRANTILtd.
Hollinwood
ELECTRIC,
Toronto, Canad
England
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Set

Builders

Send

for

FBR.EE

Kpapp

org

^ Apower
5.

Sit,

Literature
on

the
re.

4.

N

T O '1st,
of

E
W
and e P°"'erHl^ o
Operates
120 volts, on50 105
to 60to
cycles.

Tyrman
Custom
i Shield

Bilt
Grid

Receivers

YOU who know radio
will appreciate the
advanced engineering
principles and features
incorporated in this
new Tyrman series.
For battery or full
A-C operation using
A-C Shielded Grid
tubes.
Send for descriptive
literature and see
for yourself why
Dealers and Set
Builders are so
enthusiastic in
their praise of
Tyrman Custom
Built Receivers.
TYRMAN ELECTRIC CORPORATION
320 W. Superior Street
Chicago, Illinois
Send me free literature describing new Tyrman
Receivers. 1 am particularly interested in (DA-C)
(□D-C) operation.
Name .
Address .

The only 'rA 99 Power
Suitable for all Sets
— Irrespective of number of tubes — including
SuperHets. Short Wave and Television receivers
THE newKnapp "A" Power is designed for the most
exacting service ■— super-hets, short wave and
television receivers included. I knew that if it would
perform satisfactorily with these receivers that there
could be no question as to its efficiency on ordinary
broadcast signals. The three Elkon dry condensers,
the improved choke coils and the special Elkon dry
rectifier make the difference between ordinary and
Knapp

performance.
No Change in Price
Even with these wonderful and costly
improvements, there has been no advance in price — due to the tremendous
volume going thru my plant. Remember that the Knapp is the fastest selling
"A" Power on the market.
KNAPP ELECTRIC, Inc.
— Division of P. R. Mallory & Co., Inc. —
350 Madison Ave., New York City
See your dealer today
Go to your dealer today. Most of the
good ones carry the Knapp in stock.
Do not accept a substitute. — because
only in the Knapp will you get full
satisfaction as typified by the famous
Knapp "A" Power. If your dealer
cannot supply you send the coupon.

David XV. Knaup, Pres.

*******

vo/r5

!sers «yst, ea<f
>nstl
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WHAT
Here's
the
Answer
to every question about the
principles, methods, or
apparatus of radio transmitting and receiving.
THE
RADIO
MANUAL
A Complete Course in
Radio Operation
In a Single Volume
A Handbook for
Students
Amateurs
Operators
Inspectors
For the first time an
entire course of trainbook — and
the
mosting in one
complete
up-to-date
work
radio. Developedon
simply and clearly
from the elementary
^B stage right through
all phases of princi" pies, practise, and apparatus so that a beginner
no knowledge withof electricity
nay get all he needs eithei for
amateur operation or to qualify
for tora orgovernment
inspector. license as operaPrepared by Official
Examining Officer
The author, G. E. Sterling, is Radio Inspector
and Examining Officer, Radio Division, U. S. Dept.
of Commerce. The book has been edited in detail by
Robert S. Kruse for five years Technical Editor
of QST., the Magazine of the Radio Relay League.
Many other experts assisted them.
16
ST^S^Em*
tors Chapters
and Generators;Cover:
Storage Batteries
and Charging
Circuits; The Vacuum Tube; Circuits Employed in
Vacuum Tube Transmitters; Modulating Systems;
Wavemeters; Piezo-Electric Oscillators; Wave Traps;
Marine Vacuum Tube Transmitters; Radio Broadcasting Equipment; Arc Transmitters; Spark Transmitters;
Commercial Radio Receivers; Radio Beacons and DiFinders; RadioTraffic.
Laws and Regulations; Handling andrection
Abstracting
never before available such
intt as
Infnrtnnt
Nani ituorm
i\ew
auon
a compiete description
of the Western
Electric
5
Kilowatt
Broadcasting
Transmitter; description and circuit diagram
of Western
Electric Superheterodyne Radio Receiving Outfit type
6004-C; NavyStandard 2 -Kilowatt Spark Transmitter;
etc., etc. Every detail up to the minute.
Free Examination
"The Radio
Manual"
has illustrated.
just been published.
Nearly
700 pages.
Profusely
Bound in
Flexible Fabrikoid. The coupon brings the volume
for free examination. If you do not agree that it is
the best Radio book you have seen, return it and owe
nothing.
in ten days.If you keep it, send the price of $6.00 withOrder on This Coupon
D. Van Nostrand Co., Inc.,
8 Warren St., New York
Send me THE RADIO MANUAL for examination. Within ten days after receipt I will
either return the volume or send you $6.00, the
price in full.
(Radio Broadcast 1-20)
Name
St. & No
City and State
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The
name in
"DetheForest,"
embedded
black
bakelite bases on the new
perfected De Forest Audions is the
hall-mark of recognized vacuum tube
quality. It is your assurance of
matchless performance in clarity,
volume, sensitivity, and in more entertainment hours.
Made in all popular types, both
for A. C. and D. C. Sold by dealers
everywhere.
ON THE AIR every Sunday between 10:00 and 10:30 P. M. (E. S. T.)
— The "De Forest Audions" — over the
22 stations of the Columbia Broadcasting System.
DE FOREST

RADIO

CO.

The finest receiver can be imwith Televocal proved
Quality
Tubes. All standard types. Ask
for them at your
dealers.
Televocal Corporation
Tele vocal Building
Dept. B-6, 588 12th Street
West New York, N. J,

Jersey City, N. J.
DTOREST
AUDIONS

Jenkins

& Adair

Microphone Mixing Panel
TYPE 3-B

For Broadcasting, Electrical
Recording, and
Power Speaker Systems
T^HE 3-B Mixing
is designed toof accommodate almost Panel
any combination
pickup
circuits up to a total of six. Any three of these
may be poundmade
pass through
Mixing toControls
at the the
samethree
time,Comand
instantaneous
switching
is
available
for
the remaining circuits.
Theser (ransmitters,
incoming circuits
consist oftelephone
condencarbon may
microphones,
lines or low impedance phonograph pickup devices, inpractically any combination. When a
single input councircuit
of extremely
low may
level beis cut
entered, the positions
not in use
entirely out of the system, thus causing no loss
whatever to the weak incoming signal.
The panel is 5/16 black sanded Bakelite, 19
in. wide and 12^ in. high. Detailed information and circuit is shown in bulletin No. 7,
which we will be glad to mail to you. The net
price
the U. S. A. and Canada is $275.00,
F. O. B.in Chicago.
J. E. JENKINS & S. E. ADAIR, Engineers
1500 N. Dearborn Parkway,
Chicago, U- S. A.
Send for our bulletins on Broadcasting
Equipment

Quality Tubes
Before Buying any
"A" Eliminator
Get my authorized Discount Card
and complete description of the
finest "A" Power Kit ever offered.
DAVID W. KNAPP, Pres.
DivisionKnapp
of I*. R.Electric,
Mallory &lac.
Co., Inc.
Room 414A, 350 Madison Ave., N. Y. C.

The newest radio wrinkles— A-C, grid tube,
short wave, television, dynamic speakers,
newest tubes and circuits— anything and
everything in radio — are now ready for
you atball,Barawik's.
With elections,
National broadcasting,
Rosy footand
other bigsands doings
filling
the
air,
thouof newcomers will take to
radio this year as never before. Busiwill be good
Set clean
buildersup will
make nessmoney.
You — can
big
by Buying
from
Barawik
—
the
oldmost Letreliable
house est,in biggest,
the world.
us proveradioit.
Send now for the Big Book — all
ready for you— free. Get the latest
radio information and lowest prices.
BARAWIK CO.
122 CANAL STA.
CHICAGO, U.S. A.
This Big Book Sent
to You Free
Name.
Address.
City
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the

1929
A.C.Victoreen
You

Have Not Heard
The Best.

HAVE
New

YOU

HEARD

IT?

1929

EIGHT-IN-LINE

This marvelous new Super Circuit,
developed and perfected in the Victoreen Laboratory, is by long odds
the most sensitive and selective ever
offered the set builder and radio
"fan." It literally bristles with new
features, any one of which would be
considered sensational in an ordinary
circuit.
By all means have a new Victoreen,
if you want to enjoy real radio reception. Either build it yourself in a
few pleasant hours, or have it built for
you. It will bring you distance, selectivity and tone quality such as you
have never known before.
Part of the wonderful improvement is
due to changes in the circuit itself, and
part to the redesigned R. F. Transformers. These Transformers, tuned
and matched to a precision of 1/3 of
one per cent, are years ahead of their
time. They perform equally well in
either the A.C. or D.C. circuits.
Blue Prints FREE
Together with full constructional data.
We've made
it easy for State
anyonewhether
to assemble a Victoreen.
you are interested in the A.C. or D.C.
circuit.
To get the utmost in results
from any receiver, use the new
VICTOREEN
"B" Power Supply

Eight tubes in line — aluminum construction
throughout — all power equipment an integral
part of chassis — this year's masterpiece
mechanical construction.

of

Browning-Drake dealers know the value of
tonal perfection, and what it means to their
customers. Listen to a 1929 type receiver and
understand why
ing-Drake fans.
BROWNING-

there

are a million

DRAKE
Cambridge,

Brown-

CORPORATION
Mass.

BROWNING-DRAKE
RADIO

Here isAmplifiers.
the last word
"B" aSupply
Power
Uses ineither
UX 250andor
210 in the last stage. Two voltage regulator
tubes accurately control the 90 and 180 volt
taps, thus making possible accurate deterproper
also a 0 tomination of90
volt "C"
tap, voltages.
variable; There
also 450is
volts for the power tube.
BLUE PRINT IS FREE, together with
list of parts and complete assembly instructions. Write for it today.
The George W. Walker Company
Merchandisers of Victoreen Radio Parts
2825 Chester Ave., Cleveland, Ohio

Victoreen
Quality

Radio

Parts

ROBERT
S. KRUSE
Consultant and Technical Writer

Aerovox

Condensers
and Resistors
.have
been
firmly
estab- '
lished as The Specified Products
by the more discriminating
manufacturers.
Write for the Research Worker,
a free monthly publication that
will keep
you abreast of Radio's
latest
developments.

103 Meadowbrook Road, West Hartford, Conn.
Telephone Hartford 45327
More "A" Power
For Less Money!
With the Set Builders discount
card you can purchase a
Knapp "A" Power Kit
at a liberal discount.
Write me today for full details telling about
this new money-saving plan tor set builders.
DAVID W. KNAPP, Pres.
Knapp Electric, Inc. Room 414A
Division of P. R. Mallory 8C Co., Inc.
{ ISO Madison Ave. New York

™

" 123 Washington St^ Brooklyn, N. Y.
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N\XOX"Dy/?atm'c\PE\K£RS

^Aristocrat
Beautiful butt bur!
walnut cabinet finished in two tones.
For A-Battery
Operation . . $60
AC Operation . . $70
"And ev'ry voice is beard repeating
The merry burthen of glad song. "—CARMEN
<-A Startling illusion . . . studio realism in the
home. Only a dynamic speaker can so faithfully
reproduce the full, rich beauty of the original
... in volume . . . undistorted . Magnavox created
the dynamic, makes only dynamics, supplies
leading set makers.

CICENSED APPARATUS
TO£ MARK OF TH£ GENUINE

284

ELECT

RAD

Potter
Condensers
On
Watch
FROST VOLUME
CONTROL
Gives complete, stepless and
wonderfully
smooth
control
of volume and
oscillation.
Wearproof
roller
contact
arm, Bakelite case and dust
cover. $2.00 and 52.25.

QUALITY
SERVICE
DEPENDABILITY
are

closely

isooven around cPolymet
Polymet
Manufacturing
Corp.
597 Broadway
New York G'.y

POLYMET

PRODUCTS

FROST APPROVED
A. C. SWITCH
Single
hole mount
volt
A.C. Snap
Switch.110Tested
to 2 50 volts,derwriters'
3 amps.
Unapproved. 75c.

FROST GEM
FROST BAKELITE
RHEOSTATS
RHEOSTATS WITH
Made
to
deliver
a
service
D. C. SWITCH
that
not usually
expected
from islittle
rheostats
like Cleverly mounted German
these.
Mighty
good
little
D.C. battery switch
rheostats,
taking
up either
little issilver
firmly attached to Bakespace orandwith
supplied
plain
D.C. switch.
lite
panelaffording
on back
stat,
quick ofonrheoand
Easy to solder to. Plain, off control
filament
75c. With switch, $1.0 0.
rent. 2 to 75of ohms.
$1.35.curHERBERT H. FROST, INC.
Main Office and Factory: ELKHART, IND.
Chicago
San Francisco

Day and
Night
GUARDING the
operation of the finest
radio receivers to insure perfect operation making it a real musical instrument.
Potter T-2900 Condenser Block for the
single 250
type Condenser
tube amplifier—
Potter
T-2950
Block $20.00
for the
push-pull 250 type tube amplifier— $22.50
Potter T-2098 Condenser Block for the
single 210 type tube amplifier— $20.00
Potter T-280-171 Condenser
Block for a power pack with 280
type tube receiver for a 171 type
tube power tube— $18.00
Potter by -pass and filter condensers
in all capacitiesareandavailable
working voltages.
POTTER Interference Eliminator
Your radio broadcast programs need no
longer
by interference
oilburners,be spoiled
ice machine
motors, from
vacuum
cleaners, violet rays, etc.
The remedy is to connect a Potter Interference Eliminator to the interfering device.
The
Potter
Co.
North Chicago, Illinois
A National Organization at Tour Service
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QUALITY

You,

Too,

Can

Have

Full-Toned
Reception
Battery Service
Station in Your
Home, Garage or
Basement
Let me start you in this
Big Money business of your
own.
week's profits
pays
for all First
equipment.
New amazing
service station charger saves 40%
to 60% in electric current, yet
handles teries.50%
morein batGet all tothe 70%
business
your town,
No Soliciting or CanS105 A
Week For
vas ing—Spare or
McDermott
Full Time
"I have been
Customers
come onright
to yourat operating
one of
door.
Keep right
working
your
regular
Job
If
you
want.
service
tion
chargers stafor
Connect batteries in morning and 6yourmonths.
My
they areSpare
readytimewhenbrings
you $75cometo
home.
profits
now
av$105
$150 a week. Gillespie made a week.erage Iovernever
$450
indays,
5 weeks;
Whalen
$1,2005 again would go
in
78
Welsh
$97
In
first
days.
back to a job."
Free Book Explains All
Over lOO Illustrations
I want to send you my Free Book
"Big Profits." Tells you how to
start your own business bringing $5,000 a year or more for
for only $5 down. Don|t deonce. lay. Clip coupon and mail at
mail

Two years ago few, except the experimental engineers, even dreamed
of radio reception as it is to-day. No
wonder Radio has come into its own
— that politics and sports now reach
millions of people here-to-fore but
little interested. The life-like reality
of reproduction would indeed be
startlingtomed to ithadgradually.
we not grown accusYou, too, can possess that kind of
radio reception — at comparatively
slight cost. Power amplification is
the biggest reason for trie marvelous
quality of radio to-day. One of the
greatest single successes of the 1928
season is the Dongan Power Amplifier Transformer, No. 7568, used
with 2 UX 281 Tubes to supply B
and C power to receiver and power
for two UX 250 Tubes. With this
Transformer use Dongan No. 6551
Double Choke.
You can secure information on Approved Parts — Transformers, Condenser Blocks and Units — for various hook-ups by writing the Dongan
Laboratories.
Orders filled immediately on No. 7568
Transformer. Send check, or money-order.
113.50
Custom Set Builders
can secure any of these items direct from
factory at trade discounts.
Set Manufacturers
are_ offered the full cooperation of Dongan
engineering department for their individual
requirements.
DONGAN ELECTRIC MFG. CO,
2991-3001 Franklin Street
Detroit

$13.50

coupon

C. F. HOLMES, Chief Engineer
INDEPENDENT ELECTRIC WORKS
Dept. R. B.
5116 Ravens ill.
wood Ave.
Chicago,
Send meat your
Profits"
once. book "Big
Name
—
Address——

Dongan Electric Mfg. Co.
Name
Street .
State.
City...

1 TRANSFORMERS

You

of MERIT for FIFTEEN YEARS /fff

will find a complete

and fascinating

fifty years of American
Su?

reception

LIFE
of WILLIAM

count w1^*
Dteisio* of£ ^di^^Ji^^
goo* * "^^-"-^^■-t^-^"^^

Edited

IN

history of

literature in

LETTERS

DEAN

by MILDRED

2 Vols., $10.00

HO

WELLS

HOWELLS
Doubleday Doran
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DETECTOR

A turn of the pressure screw gives you perfect tone balance.
. Then, position is fixed by adjusting lock nut, so that pressure remains permanently sensitive. QJust another improvement to further insure the Perfect Tone Quality you always get
with the Carborundum Detector — and tone quality is everything. (\Recommended by noted radio-circuit designers.
DEALER OR DIRECT — $1.50 IN U. S. A.
its ]
Send for Free Book "Carborundum "Jin/ Radio" D -2
The Carborundum Company, Niagara Falls, N. Y.
Canadian Carborundum Co., Ltd., Niagarairk Falls,
Ont.
CarborundumCarborundum
in the Registered
Trade forMe its \
Company
cSilicon Carbide and is its exclusive property

W THE BARAWIK CO. has, all these
years, been famous for its variety of
radio supplies, which it offers at moneysaving prices. Newest dynamic speakers,
"B" eliminators, socket power equipment, A-C harness, fine cabinets and
furniture, amplifiers,
latest amateur
est
equipment,
lattubes, batteries; in fact,
anything you can ask for is here, ready
to ship, at a saving in price. Quality
merchandise, selected goods by reliable
makers — just what you want— at big
discounts.
Your Savings are Tremendous
Ask any of the quarter million Barawik
customers why they trade here, and
they'll tell you that, quality considered,
our prices
can't be
beat.Quality
That's comes
something to think
about!
first — new, fresh, good reliable merchandise, but the price always means
aless.
tremendous
saving, and
nevertheGet our catalog
prove _ EftEE
this to yourself. Don't spend a ^^^^JtICEE
nickel until you see our offerfirst. this great radio
You ingsneed
—TODAY.
bargain
never nowbefore— Mailbool{theascoupon

oardwut k,u. CHICAC0> u. s. A.

Write
for
this
Discount
Card
NOW!
It will enable you to purchase the
New and Improved
KNAPP "A" POWER KIT
at a liberal discount
The new Knapp "A" is the finest and most complete kit ever
offered.Wave
It is the only "A" Power
adaptable
to Short
and Television
reception. — Super Heterodyne
Take
write advantage of the wonderful offer today —
David W. Knapp, Pres.
Knapp Electric, Inc.
Division of P. R. Mallory & Co., Inc.
Room 4<4 A, 350 Madison Ave., N. T. City

StaB Canal Bargain
122 FREE
Rara
Mailwik
this Co
coupon for
Book.
^Jame
,
Address
,

HELP!

To help our Research Division in an important survey
of the radio field, please
check below the classification
to which

Send

for

WESTERN

RADIO

you belong, and

mail at your earliest convenience to
RADIO

BROADCAST

Garden City, N. Y.

9W&

DEALERS AND SET BUILDERS
The NEW 1929 catalog is crammed full of the
FINEST, NEWEST, Nationally known A. C.
sets, consoles, cabinets, dynamic speakers, kits,
eliminators and accessories at LOWEST
PRICES. Largest stock of radio parts, Prompt
delivery. No delay.
Write for our FREE catalog
WESTERN RADIO MANUFACTURING CO.
19ft W T.nk f St
7><>r>f. RB-2
Chicae

Big Friendly

Radio

House

Check the classification to which you
belong with an X.
Manufacturer
Radio Dealer

Technician
Service Man

Engineer

Set Builder

(Other Occupation)
Name . .
Address.
City. . . .

Slate.
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DON'T let the "static" that comes in over the
house lighting system from motors, street
cars, telephones and electrical appliances mar your
radio programs with blare, squeal, fry and scratch !
Plug in a Falck Claroceptor between wall
socket and set and have clearer A.C. reception. A
wonderful new improvement by a pioneer radio
equipment manufacturer. Grounds and thus blocks
out line interference noise and radio frequency
disturbances. Also improves selectivity and distance. Requires no changes in set. Measures just
3^x5^2x2^ inches. Tested, proved. Praised by
thousands. Get one right away — at radio parts
dealers. Write for descriptive folder.
$7.50 complete with
cord and plug

CLAROCEPTOR
Built by ADVANCE ELECTRIC CO.
1260 W. Second St.
Los Angeles, Calif.
JOBBERS and DEALERS, GET OUR PROPOSITION

NATIONAL
enabled
broadcasts

Short

Wave

JVLr. Hinckley
kalf way

Equipment

to near

around

tke

J ava
world.

You are missing a pack of thrills if you don t own a
INI AT

II©

INI AIL

TBRJtL
hook up wire
The Braid Slides Back;
Safe as insulated wire and as convenient as
bare wire. You cannot scorch or burn
Braidite with a soldering iron. Excellent
for all A-C work. Shove back the insulamake right
your back
connection
and the
tiontion,slides
into place.
Quickinsulaand
easy to work with. Use Braidite in your
next set.
At All Dealers
25 Feet Stranded 35c
25 Feet Solid 30c
Red - Green - Yellow - Blue - Black
t?ti
the name
r I v fffj
111-. Send
cf y0urus dealer
and weandwilladdress
send
you a sample package of Braidite FREE.
Include 10c for Postage.

ANTENNA WIRES
Stranded, Braided, Solid, Plain,
Tinned, Enameled
COMPLETE ANTENNA KITS
From SI. IS to $4.50
HOOK-UP WIRES
"Braidite" "Flexibus," Colored Rubber
A-C ADAPTER HARNESSES
Type R for RCA type tubes $8.00
Type A for ARCTURUS type tubes. . 5.00
IUKNIM1 WIRE VO
7§
§± 30 Church Street
NewYorkCity J|

BOX
"Write us for our

Complete Parts
in factory-sealed
cartons,less tubes

Short AVave BuiletinNo. 121RB.

NATIONAL CO. INC
MALDEN. MASS.
W. A. RecJy, Pres.

Metal Cabinet,
black, moire finish, extra $6.50
$36.oo
Build

it

yourse

If

BROADCASTING From The INSIDE
EVERY month in RADIO BROADCAST appears the departments
"As known
the Broadcaster
It." written
Carl Dreher,
the best
broadcast Seesengineers
fin^thebycountry.
Aliveonewithof
humor,become
news,oneaptof and
searching
comment,
Mr.of radio
Dreher's
writings
have
the
most
popular
features
writing
where. Are you reading it? Subscribe by the year and make sureany-of
not missing
a single
issue. Mail
checkInc.,for Garden
$4.00 toCity,
Subscription Department,
Doubleday,
Doran your
& Co.,
N. Y.

Before

Buying
Any "A" Eliminators
Write me about the discount card which enables you to purchase the new and improved
/
"A" Power
/ Knappat a liberal
discount, Kit
k / The
most— Address
complete for"A"details
Power ofKitplanever—
offered
'
David W. Knapp, Pres.
Knapp
Electric,
350
Madison
Ave., Inc.,
New Room
York 414A
City
A
*
A
*
A
•
A
•
A
• A. • ~i
>•* *•••«•" ••••••• *•..,•• ••..«•• ••«,.••

in

one

sLort

evenin

tfbrANYTube
D.C.orA.C.
AMPERITE automatic filament
control increases tube efficiency
and lengthens
with
mounting tube
(in U. life.
S. A.)$1.10
f^K&iati Go mp arty
50TBANKLIN ST., "NEW YORK
FREEbook'New' of"Amperite
Blue
radio iTiformaUon latest
and circuit diagrams.
Write Dept. KB-1
Dfc/'SELF-ADJUSTXNG'' Rheostat
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Receive

on

Low

ADVERTISER

Broadcast

Wave

— day
Every
England

Australia —
on Thursdays

Aero Gets
Everything

Holland —
on Fridays
See letter below

in the

Air

Long Wave
Short
"BroadWave
cast

AERO
The L.W.T. 10 Kit

If you wish to purchase only the
Aero Coils for the Aero International, order the L. W. T. 10 Kit.
The price is $10.50. These coils are
designed to be used with our foundation unit.

"It may be of interest to you to know * * * that 5SW (Chelmsford, England) has been received every afternoon * * * since March 19th * * * PCJJ
at Eindhoven, Holland, comes in every Friday from 7 p. m. to 11 p. m. * * *
2NM at Caterham, England, on Sundays, Wednesdays and Fridays. * * *
PCLL at Kootjwik, Holland, about three days a week. Listened to 2FC
a. m. Thursday morning. * * * "
at Sidney, Australia, from 6:30 a. m. to— 7Extract
from letter in our files.
The above unsolicited letter is from a satisfied user of a short wave set built around Aero Coils.
This receiver
was located
westerndaysPennsylvania,
and with two stages of audio, loud speaker reception was obtained
aboutin three
a week.
While such results are not to be expected from every receiver, it is a fact that with a given amount
of power, a broadcasting station can be heard at far greater distances when transmitting on short
Waves than in the usual broadcast band. This fact has been responsible for the tremendously increasing interest in short wave reception by radio fans. Static is much less objectionable on short
waves and their use has made possible, for the first time, summer reception in many parts of the
country where the seasonable decrease in signal strength and increase in atmospheric disturbances
has heretofore rendered the summer use of a radio receiver very unsatisfactory. _
Most of the short wave receivers which have been made available to the public up to the present
time have been designed primarily for the reception of continuous wave code signals, and have been
more or less unsatisfactory for the reception of musical programs, and we believe that Aero shortare the first ever placed
beforeon the
have been designed
primarforwavethereceivers
reception
programs
shortgeneral
waves.public
The which
Aero International
real ilythrills.
Price ofofKitbroadcast
No. 8 complete,
$55.30.
. will give you
a complete Kit of all parts for the Aero International. If he can t
jobber hisforname.
dealerus,or giving
your write
Ask you,
supply

The L.W.T. 11 Kit
If you prefer to furnish your own
foundation unit for the Aero International, order the L. W. T. 11 Kit.
The coils are the same as in the
L. W. T. 10 Kit, but a mounting
strip is provided. The price is $11.50.

Convert Your Present Set
Build one of the Aero Short Wave Converters and receive short wave programs on your present
tubes are needed
panel and all parts. No extrayour
set. The complete Kits include drilled Micarta
set and >nsert
remove detector tube from
when you use the single tube converters. Simply
Kit No. 14 for
the plug attached to the Converter. Order Aero Kit No. 12 for D.C. Sets, andconverter
for your
A.C. Sets. Each, $32.00. If you want to build the International as a two- tube
D.C. set, order Kit No. 9, $38.90, using one shield grid R.F. stage and regenerative detector.

The L.W.T. 12 Kit

Here are the newest Aero Coils.
They are small in diameter, providing amuch smaller external field,
a better shape factor and improved
efficiency. The Kit consists of three
Aero Interchangeable coils and
base mounting with Primary Coil.
Price, $12.50.

INTERNATIONAL

____

j AERO PRODUCTS, Ine.
Dept. of221,yourcfeieageT
e. Rav«niwo»d
«Get
m •« the- •
I> «n Please
send me a copy
25c Aeroiii.
Big Green Book
Mail tillS ^OUDOn INOW#-> Green Book showing 64 Ipages of newest
circuitstransmitters,
for short wave
, ,
, ■ II modern
cast receivers,
coils and
and broadkits.

m

0RD
PRBDUCTC
!I *• * *
™
E D
INCORPORAT
Dept. 221, 4611 E. Ravenswood Ave., Chicago, 111.
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Receivers
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in Audio Amplifiers • • For the Service Man: Troubles in Power
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Why
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RADIO

Are

-TRICIANS
MODELS
or Battery or
A. C. Operation

Offering
These

NEW
Hi-Q
RECEIVERS
have many powerful stations and
No man can use the title
Custom-Built
to
' 'RADIO-TRICI AN" unless
gives a Super-sensitivity and
he can qualify as a radio expert.
Super -selectivity which assures
Any
Pocketbook!
So when we tell you that 6000
coast-to-coast reception. Further
than this, it produces a quality of tone which we
authorized "RADIO -TRICIANS" throughout the
have never heard equalled in any receiver!
country are building the new Hi-Q 29 Receivers you
For 1929 there are FOUR Models
must agree that these receivers
MUST have outstanding qualities.
of Hi-Q Receivers — for battery or
The biggest advance of the year
in radio design is the |" Band Pass
Filter" — a system which effects
absolute FLAT TOP square cut-off
TUNING with positive 10 K. C.
selectivity. This is the big feature
of Master Hi-Q 29 Receivers. No
other set in the world has it to our
knowledge. It eliminates "cross
talk" even in crowded areas which

Write For
This New
80 -page
Construction
Manual
The biggest and most complete book of
its kind ever published. Tells how to
build the 4 new Hi-Q Receivers. Photos
and diagrams illustrate every detail.
Covers
amplifiers,
and battery power
combinations,
antennae,tube
installation,
short-wave adapters, house wiring and a
wealth of other data on the custom-built
Hi-Q. Price 25 cents including postage.

A. C. operation. All are the joint
creation of ten of America's leading parts manufacturers. All are
stage-shielded and built on steel
chasses from only the finest parts
available in the radio industry.
You should own one of these
wonderful receivers. Build it yourself or have it built for you by your
local RADIO-TRICIAN.

HAMMARLUND-ROBERTS,Inc.
Associate Manufacturers

■

1182-C BROADWAY
NEW YORK CITY
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Pick
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Radio

9

only
By means

it

fill

and

Job

in

months!

of this "Big-League" home-training
by Radio Corporation of America

sponsored

Send for FREE
BOOK about Radio.

Radio Operator
$90 to $200 per month
with all expenses paid

Radio Inspector
$2,000 to $4,500 a year

Broadcast Operator
$1,800 to $4,800 a year

HY struggle along on less than $45 a week?
Why wait years for success that can be yours in
only 9 months?
As a result of a marvelous new kind of homestudy training in Radio, hundreds of men are today leading straight for financial independence!
Radio pays from $2,000 to $25,000 a year. The
work is thrilling . . . the hours are short.
Vacations with pay . . . opportunities for
seeing the world
. . . adventure galore!
Prepare at Home with this 'Big Laboratory Outfit
Get the "How" as well as the "Why" of
Radio — with this expert training! Only andiour
or so a day in spare time is all you need! As
part of your course, you receive absolutely free of
extra charge — a magnificent outlay of apparatus.
With this outfit you learn to build fine sets and
solve the problems that bring big pay.

SMoney Back if sJ^pt Satisfied
The lessons prepare you for success in all phases of
Radio — manufacturing, servicing, selling, ship and shore
broadcasting, Television, Photoradiodiagrams and Radio
equipment. A signed agreement backed by RCA assures
you of complete satisfaction upon completion of the
training — or your money will be promptly refunded.
Ttgad This Thrilling Free 'Book
It gives you the real "dope" about Radio and describes indetail the famous training that has enabled us
to place thousands of our students in fine positions,
usually from 3 to 10 days after graduation. It may mean
the turning point in your life. It tells in 50 fascinating
pages and
all and
aboutsuccess.
Radio'sMailbrilliant opportunities forphotos
adventure
the coupon now — the book is absolutely free!
RADIO INSTITUTE
OF AMERICA
Dept. R.B.-2
326 Broadway
New York

Training Sponsored by
T(adio Qorporation of oAmerica
Our graduates are in big demand everywhere. They
enjoy greater success because they're posted right-up-tothe-minute in everything in Radio. Radio's progress
each year is measured by the accomplishment of the great
engineers at work in the research laboratories of Radio
Corporation of America. This Radio organization sets
the standards for the industry, and stands back of every
lesson in the course.

• february, 1929

r Radio Institute of America
326 Broadway,
Dept.
RB-2 New York, N. Y.
Gentlemen: Please send me your big FREE 50-page book wbich tells
about the brilliant opportunities in Radio and about your famous laboratory-method oguaranteed
f
radio instruction at home.
Name.
Address .
page 221 *
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Now
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to
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of

All

Stadium

Amplifiers

for

the

First

Time

EVER since the revolutionary improvement in tone quality created by the Clough
audio system when first demonstrated to the trade last June, the S-M laboratories
have been working day and night to make this discovery available for the largest
theatres, auditoriums, football stadiums, and such assemblages at a low cost.
As the culmination of these labors, S-M takes the greatest pride in announcing
the 690 Super-Power Amplifier. Three stages — Uvo of them push-pull — microphone,
radio, or single or double record input — two 250 type tubes in the last push-pull
stage giving 15,000 to 16,000 milliwatts output, with uniformly high tone quality
down to 50 cycles such as only S-M Clough Audio Transformers can produce — the
same
qualityStates.
that is drawing crowds into S-M-equipped movie theatres throughout
the United
With such a unit available completely wired at $245 list price, less tubes — knowing
as you do the tremendous present demand for sound amplifiers of the highest grade —
you as a setbuilder or service man afford to neglect the installation opportunities
^hich this new S-M amplifier offers you?
These
For

the Smaller

Theatre, or the Home —
The new 2-stage S-M 678PD Phonograph Amplifier is priced so low that, while particularly adapted
for dance halls and small theaters, it is ideal for the
home also. Used with any 110 volt D.C. dynamic
speaker, it takes input from any magnetic phonograph
pickup, or from the detector tube of a broadcast or
short-wave receiver, and, by means of its S-M Cloughsystem audio transformers, supplies to the speaker
undistorted the full power output of its 250-type tube.
Tubes required are: 1 — 226, 1 — 280, 1 — 250 type.
All input power is taken from the 110 volt A.C. houselighting mains. Price (less tubes), WIRED, $73.00;
complete KIT, $65.00.

Type 257

Radio Broadcast.

248 Universal Output
Choke,
two
210 toorfeed
250 out
tubesof
into one to six or more
standard speakers; provided with several impedance-matching
taps.
will without
handle
over 20It watts
core saturation.
Open-mounted. .$7.00
228 (248 in case like
227)
$8.00

Get 250
Tone Quality
in Your Present
Receiver

Or you can get 250-tube power rig/it in your present set by
inserting a 250 tube (with an adapter) in the last socket of
the set, and using the S-M 675ABC Power Supply. Presto! —
the 675 supplies all ABC power to the new power tube
(without a single change to the set) and replaces all B batteries
or other B eliminators as well. (It will also supply A and C
power to A.C. tubes).
#
Add a 675 to your set and you have all the advantages of
the fine, full sonorous tone the super-power tubes bring —
tone you find only in $300.00 to $500.00 factory-built sets —
yet you can add it to your set for $54.00 plus two tubes!
The 675ABC power supply is priced at only $54.00 for
the kit, or $58.00 fully wired with adapter.

Silver-Marshall, Inc.
1
838 W.Jackson Blvd., Chicago, U. S. A.
...Please send me, free, the complete S-M
Catalog;
also sample copy of inThestamps,
Radiobuilder.
For enclosed
send me the
following;
.... 50c Next 12 issues of The Radiobuilder
.... SI. 00 Next 25 issues of The Radiobuilder
S-M DATA SHEETS as follows, at 2c each:
No. 12.. 670B,
670ABC
Reservoir
.No.
685 Public
Address
UnipacPower Units
No.Wave
3. 730,
731,
732
"
Round-theWorld" Short
Sets
No.formers
4. 223, 225, 226, 256, 251 Audio Trans... .No. 5. 720 Screen Grid Six Receiver
No.
740"Coast-to-Coast"
Screen
Four and
No.6766.7.675ABC
High-Voltage
Power Grid
Supply
Dynamic Speaker
Amplifier
. . . .No.
No. 8.9. Sargent-Rayment
678PD PhonographSeven
Amplifier
Name
a me II
ress I
Address

New S-M Transformers
Make It Possible
Built on the Clough System, with curves flat from below
50 cycles to well above 5000 — these transformers give to
"push-pull"
a newtheirandquality,
really arestartling
significance. And
their prices, like
unbeatable!
257 Push-Pull Input Transformer, to operate from one
amplifier tube into two 171 A, 210, or 250 tubes. Price, $7.00
227 Push-Pull Interstage Transformer, to feed from two 112A,
226, or 227 tubes into two 112A, 226, 227 or 171A, 210
or 250 tubes
$8.00
258tubes
Tapped
Output
Impedance,
to feed from two $5.00
171A
into any
standard
speakers

Type 227
Remember — S-M guarantees these push-pull trans
formers to have a finer frequency characteristic than
any and all competitive
types — bar none.

Ave you getting The RADIOBUILDER regularly? No. 9 (Jan. 1929)
describes these new push-pull transformers, and the 690 Amplifier, as well as
the new (and different!) S-M Dynamic Speakers. No. 7 (Nov. 1928) described
in detail, with complete circuits, a 750-volt rectifying system. Sample copies
may be had without charge as long as they last; use the coupon.
If you build professionally, by all means ask for information on the S-M
Authorised Service Station proposition; its money-making opportunities
are greater than ever.
SILVER-MARSHALL,
Inc.
838 West Jackson Blvd., Chicago, U. S. A*

February, 1929. Published
monthly.
XIV, class
No. 4.mail Published
at Garden Doran
City, N.& Company,
Y. Subscription
priceCity,
$4.00N. Ya year.
Garden City,
N. Y.,Vol.
as second
matter. Doubleday,
Inc., Garden

Entered at the post office at.
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(Ail testimonials here quoted were entirely unsolicited)
**Just
to
say
have one1:00of A.yourM. —720came
Screen-Grid
670B inpower
unit • • . PickedthatupI Japan,
in strong Six's
— fourwithstations
Chicago and everything up and down the coast
..."
— F. A. Forbes, Oakland, Calif.
"Think away
of theup thrill
your Wisconsin
dinner concert
receiver
here ofin getting
Northern
. . . Atfrom
the KFI
end onof athe6-tube
dial
twisting session I had 28 stations over 1000 miles away, from 21 states and 3
provinces of Canada, and WKAQ, Porto— Clinton
Rico ..."
B. DeSoto, Withee, Wis.
"I
am
writing
to
tell
vou
about
the
results
am getting
720 volume
ScreenGrid Six. I have brought in stations from New I York
to Japanfromwiththe good
on the speaker and the tone quality is very natural ... The following are
some of the stations I have received: JOIK, Sapporo, Japan, WHAM, Rochester,
N. Y. . . , I had two other Japanese and some other foreign stations, but I
haven't the call letters yet. WLW, WGN, KWKH come in good almost every
night."
— Alonzo Henderson, Mossy Rock, Washington.
**I am having
sets. Onlyof today,
3 orders
for 720sgreat
and success
one for with
a 730.the In720alland
my 740
experience
buildingI received
kits for
fans, I have never had the feeling of really giving value till I took up your line.
I think it is the best that money can buy in its class and my long list of satisfied
customers surely is the proof that their — sets
are wonderful."
Howard
Brett, New York City.
"Last
night
picked
up
Halifax,
Nova
Scotia
with
that 1 had
turn the volume control half off. We then proceededsuchto volume
pick distance
to theto
satisfaction of the prospect ... I got his order then and there.
— L. Frank Miller, Brooklyn, N. Y.

Boss

Screen

World-

Grid

Sar^ent-Rayment

Record-Breaking

6f

the

of

Top

Kits

from

W.

C.

Six

Seven

Braun

Co.

The plain cold facts are
simple.shal! 720The
Silver -Maris a six-tube
t.r.f.
set
using
three
tubes, a detector,screen-grid
and two
stages of S-M Clough audio
metal,
shieldedIt'sassembly,
amplification.
an alljust
likesets,the with
finestitsreadymade
own
attractive two tone brown
metal shielding cabinet,its
antique brass escutcheon
plate umewith
volknob, two
and dials,
a small
selectivity
Yet thisof
set with its knob.
three stages
screen grid r.f. amplification, and its audio system
that
money can't
buy inyoua
ready-made
set, costs
but
$72.50
for
the
S-M
packed kit, or $102.00
for
S-M custom-built
wiredan receiver,
complete
with cabinet.

Doubt It?—*Reacl TKese;
of th.e Air"1
THE MUNICIPAL
OF CHICAGO
The Sargent-Rayment
Samuel H. COURT
Trude, Judge
Seven is the first and only
set to offer four stages of
"I
am
very
much
pleased
with
the
custom-built
710 with
Sargent-Rayment
receiver. . . which I have been using in connection
a cone-type
screen-grid tuned r.f.
loud speaker at the South Shore Country Club, Chicago.
amplification, and the
unsurpassed tone qual"This
is
a
remarkably
good
receiver
for
all
kinds
of
radio
reception.
have found that distant broadcasting stations can be tuned in on all waveI
ity of the S-M Clough
channels over the entire broadcasting band — one and only one at a time
audio system — the first
and
set toyetgiveat onewith the single tuning drum."
— Samuel H. Trude
dial only
control,
the
"It may
interest
you
tothatknow
that
the first
station from
I tuned
same time individual
(1500
miles
away)
and
last
Saturday
morning
3 toin4 was
A.M.KOA
we
stage trimmers that mean
listened to three stations in Japan —— Walter
JOAK, A.JOGK,
and Seattle,
JOAH."Wash.
the last drop of sensiReeves,
tivity when you want it.
And its seven tubes, with
"Some Michigan.
time ago I bought
Sargent-Rayment
set from
Mr. Toolanand.of
Lansing,
. . It hasa 710
marvelous
tone, volume,
sensitiveness,
171, 210, or 250 power
selectivity.
I
am
right
across
the
street
from
WTAM
and
can
tune them,
tube,
give fineselectivity,
tone or
out. . .in a few points." W. Carvey, Cleveland, Ohio.
hair-splitting
super- distance or local
"I have just
building one
am
programs with thrilling
delighted
with finished
its performance.
It isoftheyouronly710 setSargent-Rayment
that I know of kits.
that Iwill
quality. Shipped from
bring in stations here in the day time. . . It does it with good volume.
— Claude H. Matthews Roswell, N. M.
stock:
' KIT $130.00—
FACTORYWIREDor
$175.00.handsome
Both complete
can say is —setit Iwaseverworth
waiting forto —dothewithSargent-Rayment
with
satin
710."The
The most
most I wonderful
had anything
— goes together
'
beautifully
and
makes
a
handsome
job
in
its silvery-white finish."
aluminum
shielding
'
cabinet.
— The Radio Shoppe, H. O. Hornbake, South Brownsville, Pa.

OFFICIAL WHOLESALE
DISTRIBUTORS FOR S-M PRODUCTS
supplies, short wave transmitters, radiophones, public address systems,
As official wholesale distributors for the products of the Silver-Marshall
novelties, etc.
laboratories, W. C. Braun Co., Wholesale Radio Headquarters, offers you
this big line of radio merchandise with the assurance that your orders will
Special departments include auto tires and tubes, auto accessories, electrical
be filled on the very day they are received. Our plant is located very close to
goods, lighting fixtures, wiring material, household appliances, stoves, vacuum
cleaners,
washing machines, camping equipment, sporting goods, golf and
the Silver-Marshall factories and we can give you service on your orders
baseball supplies, outing clothing and thousands of everyday necessities.
impossible to secure anywhere else. Order your favorite S-M parts, kits and
Our
centralized
location insures fast service to customers in all parts of the
country.
supplies
here. You'll
time and
money.
In addition
to the save
complete
Silver-Marshall
line, we offer you a complete
Thousands of choice bargains are shown in the big 1929 Braun Catalog.
line of everything in the radio field — sets, radio furniture, tubes, power units,
portable receivers, dynamic and other speakers, parts and kits for all popular
now.
If you haven't a copy, send for it at once. It is free — mail the handy coupon
circuits advertised in the leading radio publications, short wave and television

Upton eeiS in ^f\adia*>
528 W. Randolph St.
ILLINOIS

W.
w. cC. BRAUN CO.,
52 W. Randolph St., Chicago
528
Dear Sirs: I am not receiving the W. C. Braun Co. Catalog
regularly. Please put my name on your mailing list of set.
builders and dealers, giving me the prices and information
on S-M parts and other merchandise. My letterhead is
attached*
Name.
City.
St. &. No.
.State.
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- SERVICING
other things

r I "'HE unit heretofore employed by engineers to express
-*- power ratio — the TU — has been superseded by another
which means the same thing, but has a more logical name
The new unit is the Bel and the decibel, abbreviated DB,
expresses exactly the same numerical relations at its predecessor, the TU, did. All references in this magazine from this issue
on will employ the new term. For those who wish to refresh
their memory on the point — and the whole question of the
transmission unit — Home Study Sheet No. 15 on page 253
of this issue furnishes an unusually complete review.
r 1 "'HE present issue contains a vast deal of interesting and
useful information. In especial, Kendal Clough's article
should prove of importance to those who are trying to solve
audio problems requiring the use of an amplifier furnishing a
large amount of undistorted power for such uses as publicaddress systems, etc. The article by Keith Henney on page
250 discussing the value of complete filtering in audio amplifiers isthoroughly practical and the conclusions are supported
by careful measurements. The second appearance of Carl
Dreher's department devoted to sound motion pictures contains information invaluable to those working in the field.
And those who have followed Mr. Dreher's "As the Broadcaster Sees it" will recognize the same material under its new
heading "Broadcast Engineering," a title which more properly
describes his regular contributions.
THE present issue differs in appearance from those which
preceded it. The changes in the text pages make for increased readability. The cover, of which we are very proud,
was designed in New York by A. B. Tobias, one of the best
known and ablest of present-day designers. The typography
of the text pages was done by W. B. Dutch er of the Art Department ofDoubleday Doran & Company.
RADIO dealers and servicemen are writing us in great
numbers with the most enthusiastic praise for the sections of this magazine written especially to help them. Our
plans for the coming months include many articles which no
serviceman or dealer can afford to miss. Of especial interest is
the article by John S. Dunham on page 237 of this issue on the
business problems of service work. The March number will
be a special tube issue with a wealth cf information in a very
useful form. In addition are special articles on an ingenious r.f.
distribution system for apartment houses, Prof. Terman of
Stanford University on "Detection," K. S. Weaver of Westinghouse on the ux-250, Frank Jones on " Dynamic Loud Speaker
Measurements," C. T. Burke on a " Discussion of Impedance,"
an interesting circuit for automatic volume control, and our
special departments, packed full of useful information.
Willis Kingsley Wing.
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That's the performance of the Lincoln 8-80 in the heart of Chicago
SET BUILDERS REPORT
Telegram Nov. 28th— "JAPANESE STATIONS RECEIVED ON LINCOLN SUPER JOAK, JOIK, JOBK."
TOKYO, JAPAN; SAPPORO, JAPAN; OSAKA, JAPAN; BROUGHT IN THROUGH THE MANY STATIONS
AROUND 300 METERS.
"SIX PACIFIC COAST STATIONS WITHOUT ANTENNA OR GROUND." — From Illinois.
NOT A SINGLE BUILDER HAS ASKED FOR HIS MONEY BACK
" After
it several
I can truthfully
say that
set
thatusing
I ever
heard days
or owned
that performs
as itperis the
the first
ad- OR WISHED TO RETURN HIS LINCOLN 8-80.
vertisements ofthe manufacturers, in fact, if possible, it is a little
better than advertised."
A WORD TO THE CUSTOM SET BUILDERS
"Being ticaan
DX fan supers
and having
constructed
and used outfits
prac- You can out-demonstrate, out-perform any competitive equipl y al ofardent
the standard
and tuned
radio frequency
ment in your territory. You can pull in station after station in
and having personally constructed and experimented with intermediate super transformers and equipment, I find the Lincoln
every degree of the dial with perfect tone quality of your local
station.
All this without a squeal, and only using a small part
8-80 the best answer to all DX requirements. Only an experienced
set builder can fully appreciate what it means to have solved for of your available power, and at a price without competition. You
him such problems as having a proper means of matching an in- can convince your customer in one short demonstration.
transformer ofto operation,
any tube's theindividual
price of complete kit for the Lincoln 8-80 is $92,65.
Tone quality,termediate
simplicity
ease with characteristics.
which outside The
Due to the new principles involved every 8-80 works exactly alike.,
stations can be brought in and the fact that the price is within
and you can get the same results as our finest laboratory model.
range of all, make this the first set that I feel I could conscienIf you want an evening full of straight-from-the-shoulder
tiously recommend to everybody."
super-heterodyne dope written by an engineer who has played
"75 stations logged before the new allocation of stations from a with
every super going in the last few years, send 25 cents for
Chicago
Hotel
where
75
other
receivers
could
not
get
out."
Practically every Lincoln 8-80 owner reports this wonderful
William H. Hollister's "Secret of the Super*'' using the coupon
below.
reception.
LINCOLN ENGINEERING
SERVICE ON STANDARD
KITS
Order to-day for immediate shipment any of the following Lincoln-Guaranteed complete kits:
Sargent-Ray ment Seven (S-M 710) kit . . $120.00
Tyrman 80-super — less power pack
$134.50
S-M 720 Screen Grid Six
72.50
Tyrman 72 receiver kit
98.50
S-M 720 Screen Grid Six— factory wired . . 102.00
Tyrman 72AC, with power pack
153.50
1929 Laboratory Superheterodyne
95.70
H. F. L. Isotone 10-tube super
195.00
LINCOLN
329 SOUTH
Authorized Distributors for
Lincoln 8-80
WESTERN RADIO MFG. CO.
128 W. Lake St., Chicago
WALTER ROWAN CO.
833 Washington St., Chicago
ELECTRIC & RADIO SUPPLY
22 N. Franklin St., Chicago
RADIO SUPPLY COMPANY
912 Rroadway, Los Angeles

RADIO
WOOD

ST.

—

CORPORATION
CHICAGO

LINCOLN RADIO CORP., Dept. B
329 South Wood St., Chicago, III.
your bigbuilding.
free catalog, listing a complete line of
1929 Send
kits forme custom
Enclosed find 25c, for which send me William H. Hollister's new book, "The Secret of the Super."
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- ILLINOIS.
Authorized Distributors for
Lincoln 8-80
KLADAG RADIO LABORATORIES
Kline Bldg., Kent, Ohio
WHOLESALE RADIO SERVICE
6 Church St., New York City
CHICAGO RADIO APPARATUS
415 S. Dearborn St., Chicago
HORACE HILLS
200 Davis St., San Francisco, Calif.

LIFE

TEST

FOR

ALL

TYPES

OF

RADIO

VACUUM

TUBES

In the Van Corllundl Park Laboratories of the Radio Corporation of America there are facilities for testing 18,000 tabes simultaneously. The power
required to furnish the plate current for these tubes is hOO kilowatts and the power used in heating the filaments is
kilowatts! So
great is the heat dissipated by the tubes under lest that a special ventilating system is necessary. The
above picture shows a section of the racks in which the lubes are tested.
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ONE is quoted more frequently by
the press on radio subjects than Dr.
Alfred N. Goldsmith. Newspaper men
ask his views because he is always ready with
accurate information and considered opinion.
He has a succinct and vivid power of expression, readily quotable, and easily understood
by the layman. Through the continuous contact which Dr. Goldsmith maintains as Chief
Broadcast Engineer of the Radio Corporation
of America with the research and development work conducted at many important
radio laboratories in this country and abroad,
he has first-hand information on the significance of almost every new development in
the radio field.
In more technical circles, Dr. Goldsmith is
recognized as an authority in every phase of
radio research. His fund of knowledge is
literally enormous. He is not a specialist in
a single branch of radio science; his forte is
coordination so that each step in technical
progress may be used most effectively in
commercial service and be welcomed as new
and improved products for introduction to the
public.
When an engineer desires to know if, how.
when, and by whom any phase of radio engineering, however remote, has been investigated, he may pursue one or two courses. He
may consult all the host of technical periodicals published all over the world and communicate with the heads of research departments ofelectrical concerns in the United
States and abroad, or he may ask Dr. Goldsmith. The second method is the more efficient.
This facility for knowing the facts is the
product of a lifetime devoted to the acquisition of detailed and complete information.
First an honor student at the College of the
City of New York, then lecturer, and finally
professor at his Alma Mater, consulting expert on radio matters, Director of the Communicating Engineering Laboratories, then
Chief Broadcast Engineer of the Radio Corporation, and, now, added to those duties,
Chairman of the Board of Consulting Engineers ofthe National Broadcasting Company,
and Vice-President in Charge of Engineering
and Production of the RCA Photophone Corporation— this is, in brief, the career of Dr.
Goldsmith. A few weeks ago the title of Vice
President of the Radio Corporation of America was conferred upon him. His profession
has given him its highest honor, the presidency of the Institute of Radio Engineers.
Since its beginnings. Dr. Goldsmith has been
a prime mover in making the Institute the
recognized international technical organization of the radio field. He has edited its Proceedings and has earned them their wellmerited reputation of the most comprehensive and complete technical journal devoted
to a specialized field.
Dr. Goldsmith's injection into radio was as
well ordered a process as his later pursuit of
the art. During his college work, physics attracted him and physics led him to matheNO

Norton

Goldsmith

RADIO

EDGAR

H.

PROGRESS

FELIX

matics, the unfailing guide of the physicist.
In electricity, he found the ideal confluence
of physics and mathematics for, in no phase
of all-embracing physics, are the laws of
mathematics so dutifully and systematically
applicable.
Having, by so logical a process, devoted

The Van Cortlandt Park Laboratories of the Radio Corporation
of America ivhich Dr. Alfred N.
Goldsmith directs
himself to radio, the young student at once
set himself a definite goal of achievement.
Following the established practice of the
mathematician, he set forth a theorem as the
goal of his efforts. As he expressed that
theorem to me, it was "To make possible the
appearance of an individual, or any number
of individuals, both in their vocal and visual
embodiment, instantaneously, through any
terrestrial
agency
of radio."
In the crudedistance
state ofbythetheradio
art, when
that
objective was set up, it was a rather ambitious
conception. To-day, we no longer discuss the
correctness of the theorem ; it is only a matter
of a reasonably short time before the proof
of its correctness will be a practical demonstrated fact. That this conception of the
possibilities of radio was his from the time
Dr. Goldsmith dedicated himself to radio, is
borne out by the singleness of purpose with
which he has devoted himself to it and how
intimately he has been associated with its
attainment.
Goldsmith graduated from the College of
the City of New York in 1907, and in 1911,
won his Ph. D. from Columbia. His scholastic
career was brilliant; he captured numerous
prizes and honors but, unlike most exceptional students, he never lost his delightful
sense of humor. Indeed, it has stood him in
good stead during the many trials which have
beset the growth of radio.
A log of Dr. Goldsmith's experimental work
is a history of the progress of radio. He did
not, like most students, acquaint himself
with the experiments of Heinrich Hertz by
dutifully reading bis physics book. He actually performed
most college
of Hertz's
recorded with
experiments in the
laboratory
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physical duplicates of that great investigator's equipment. In the same manner, he has,
step by step, submitted every important experiment and development in radio having
promise of commercial application, to critical
test in his laboratory.
Was College Instructor
\ FTER his graduation, Dr. Goldsmith
remained instructor at the College of the
City of New York, at first using a small
room for experimental purposes, which later
grew to become a series of laboratories for
extensive engineering and research study.
To-day, Dr. Goldsmith still has a laboratory
which he directs, a large well-equipped fivestory building at the southern end of Van
Cortlandt Park in New York City. New
radio devices are tested and passed for approval inthese laboratories before they go into
production. Thereafter, a percentage of the
output is tested with every kind of measuring
instrument, in order to assure uniformity.
As anical
partadvisor
of of
Dr. the
Goldsmith's
as techNationalwork
Broadcasting Company, the receiving apparatus for
the rebroadcasting of programs from Great
Britain is being developed in his laboratory. While going through the building
with him, I heard 5sw of Chelmsford, England, coming through with loud-speaker volume from a special super-heterodyne. The
principal problem awaiting solution, or rather
awaiting final development, is that of a special receiving system, including an automatic
fading compensator, so as to assure a constant signal.
It is not essential to rehearse all the details
of Dr. Goldsmith's technical achievements.
I need mention only two incidents in that
extensive career to confirm his devotion to
his theorem — to make possible the instantaneous appearance, both visual and vocal,
through any terrestrial distance by the
agency
of radio.
As early
as 1915, when the first vacuum
tubes capable of radiating any appreciable
power were avadable, Dr. Goldsmith began
broadcasting from the College of the City of
New York. Station 2xn, with 1500 watts in
the antenna, having as its audience a handful
of amateur experimenters, broadcast unblushingly to all the states of the Union. So
definite was the Doctor's conception of a
broadcasting service in 1915, that he invariably dedicated his programs to the entertainment of listeners over this extensive
territory by carefully reading the entire list
of states as a part of the preliminary announcement.
This procedure, as we view it to-day, may
appear to have been almost impertinent, were
not the range which this meagre power covered fully appreciated. One purpose of the
rather lengthy announcement was to enable
listeners to tune and to adjust their all too
delicate receivers before the program began.
But a second justification for the announce-

waiting friend to accompany us. The friend
proved to be a bright-eyed youngster of
twelve, who strode with us in silent amazement through the upper floors of the laboratory. Here an entire floor of new testing equipment had been installed to measure the operating characteristics and life of alternatingcurrent tubes which are now being manufactured inlarge quantities. There are facilities for testing 18,000 tubes simultaneously
and the power required to furnish the plate
current for these tests is 400 kilowatts! The
power used in heating the filaments of these
tubes is 240 kilowatts. So great is the heat
dissipated by the tubes under test that a
special ventilating system is necessary which
pumps a complete renewal of air into the
test room every three minutes.
Other Testing Equipment
A LTHOXJGH many specialized lines of
■L^- radio and acoustic research and development are carried on at this laboratory, the
greater part of its facilities are devoted to
exacting testing of the Radio Corporation's
commercial products. A percentage of the
output of all the factories contributing to the
RCA fine is sent here for test. Under the most
elaborate and systematized scrutiny, the
constants and life of tens of thousands of
vacuum tubes annually are determined and
the uniformity of their performance maintained. Receiving sets are likewise tested for
every factor which determines their ultimate
reliability and service to the user. One amazing device automatically plots an audiofrequency response curve and writes an infallible record of its fidelity of reproduction
without the influence of human judgment.
Extensive original work in circuit design and
reproducer development is also conducted
under Dr. Goldsmith's direction.
The theory, design, and operation of both
receiver test equipment and vacuum-tube production testing was described in the November, 1928, Proceedings, Institute of Radio En"Quantitative
Methods gineers,
Usedin papers
in Testsentitled
of Broadcast
Receiv-

Dr. Alfred N. Goldsmith manipulating a special remote-control
amplifier for broadcast transmission
ment was the fact that 2xn's programs were
actually reaching a large part of the country.
One of its regular listeners was Dr. A. Hoyt
Taylor, then at the University of North
Dakota at Grand Forks, N. D., and now in
charge of the Naval Communication Laboratories near Washington.
First Remote-Control Station
A NOTHER distinction which this early
broadcasting station possessed is that it
was the scene of the first experiments in remote-control broadcasting. As a convenience,
Dr. Goldsmith arranged an outlet for the telephone circuit so that he could call the college
from his home on lower Fifth Avenue, have
the telephone receiver at the college connected
with the broadcasting transmitter, and thus
broadcast from uptown on Morningside
Heights, while listening to his own voice returning by radio. In the pressure of work.
Dr. Goldsmith evidently had not read his
contract with the telephone company and
presumably the company was in ignorance of
these early experiments.

Thus identified with the first remote-control
broadcasting and the first long-range broadcasting, itis interesting to observe that Dr.
Goldsmith also took part in the first public
demonstration of radio picture reception,
broadcast from a general broadcasting station
and received in his home. There had been
previous instances of picture broadcasting
from wjy, wgy, and wor but, in connection
with none of these, was the reception publicly
conducted. Out of the original experiments in
remote-control radio telephony has grown a
nationwide, wire-interconnected, broadcasting
system, operated under the technical supervision of Dr. Goldsmith. Thus, the first
prophecy of his conception of radio service,
namely the vocal appearance, is now transferable instantaneously through any terrestrial distance. He now awaits accomplishment
of the second and the progress made is a matter of public record.
There have been some recent additions to
Dr. Goldsmith's laboratory building and, on
my most recent visit, he offered to show me
the new facilities. But he first paused for a
moment in the reception room to find a
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ing Sets" and "Vacuum Tube Production
Tests," both by A. F. Van Dyck and F. H.
Engel of the Technical and Test Department
of the Radio Corporation of America.
Walking through this laboratory and listening to Dr. Goldsmith's explanation of the
purpose of the major experiments taking
place, accompanied by the young enthusiast,
reminded me of a day, some fifteen years ago,
when I, at about the same age, had walked
through Dr. Goldsmith's laboratory at the
College of the City of New York. Indeed, it
was that visit which confirmed my conviction
that radio would always be both my work
and my hobby. But it is no peculiar distinction to have been wedded to the radio art
by Dr. Goldsmith.
In Dr. Goldsmith's office are many mementoes of his career, ranging from autographed
photographs from Marconi, Steinmetz, and
Einstein to a significant radio emblem from
the sculptor Edward Field Sanford, Jr., made
for Dr. Goldsmith. But none of these seems
closer to him than a bronze plaque, given him
by the five students of the first radio engineering course which he conducted at the College
of the City of New York. One of the names
I noticed was that of J. D. R. Freed, now
President of the Freed-Eisemann Company,
another Carl Dreher, until recently staff engineer of the National Broadcasting Company,
now Chief Engineer of RCA Photophone
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Company and well known to all readers of
Radio Broadcast, J. Marsten and H. Kayser,
both well-known radio engineers. In succeeding years, without counting the thousands
of men who studied radio while the College
of the City of New York became a training
ground for Signal Corps radio men with Dr.
Goldsmith in charge of instruction, many
have definitely started on a radio career
through Dr. Goldsmith's influence.
The Youngster s Reaction
"VX7"HETHER the youngster who accom' * panied us will become a radio engineer
as a result of this visit, I am hardly qualified
to state. During most of the time we went
through the laboratories, his eyes bulged in
uncomprehending astonishment, much as
mine, in 1912, had bulged at the sight of a
three-stage, audio-frequency amplifier. It was
the largest collection of tubes which I had
ever seen at any one place at one time. When
phones were connected in the output of this
magnificent equipment, I heard, for the first
time, the tinkling signals of European and
mid-Pacific stations. The youngster of 1928
was more impressed by a demonstration of
three power speakers with large baffles, reproducing simultaneously and with amazing
volume, a Moran and Mack record. Astonishment soon gave way to laughter at the witticisms ofthe comedians.
The period from 1918 to the present day has
witnessed not only amazingly rapid technical
progress in the radio art but a great increase
in the ramifications of the radio industry.
When I first visited Dr. Goldsmith in 1912,
radio communication in the United States
was controlled by the British-owned Marconi
Wireless Telegraph Company. Shortly after
the War, the Radio Corporation of America
was formed to take over its ship-to-shore business and to build up a world-wide transoceanic communication system. The Corporation's activities were limited strictly to radio-

Special bridge used in the Van Cortland Park Laboratories for measuring the electrical characteristics of
radio vacuum tubes
telegraph communication. Its successful activities in this field have been largely overshadowed bythe business incidental to radio
broadcasting. More recently, it has entered
the talking motion-picture field and it is rapidly acquiring motion-picture studios. By

This audio-frequency oscillator is used in the Van Cortlandt Park
Laboratories for acoustic measurement work
alliances with chains of vaudeville and motion
picture theatres, it is establishing its own outlets for the sound films which it is to produce.
Badio transmission of pictures, both across
the ocean and to various points in the United
States, is slowly developing and is likely to
lead ultimately to home television. But, in
spite of these broadening activities, radio
broadcasting remains, for the time at least,
still a field of paramount interest.
One of the cardinal principles to which Dr.
Goldsmith is committed is the use of high
power in broadcast transmission. He believes
that we now have a disproportionate system,
launching only moderate power into the ether
and requiring, in turn, excessive sensitivity
and amplification in the receiver to secure
a satisfactory volume in reproduction. As a
penalty for this unbalance, the receiving
equipment responds to every kind of electrical
disturbance, even though minute. But, no
matter how great the power of the broadcasting station, it cannot hope to overcome every
kind of power interference.
"Badio is a comparatively young art and
it has not yet had time to influence the electrical industry as a whole," said Dr. Goldsmith. "Within ten years, the manufacture
of electrical equipment which causes undue
disturbance to radio reception of signals of
reasonable strength will be barred, not by
legislation, but as an obviously necessary
measure in the interests of public convenience,
just as the muffler has become a part of every
automobile. It is quite possible to design
elevator motors, cash registers, bell-ringing
equipment, electric refrigerators, and any
kind of machine involving the making and
breaking of electric circuits so that it will
cause little fluctuation or disturbance in the
power system of which it is a part. It will require time to accomplish these things, but
unquestionably it will be done. With greater
power in broadcasting and greater amplification in the receiver, necessitating a smaller
pick-up device, the annoyance of static has
been reduced to a point where it may be
page 229 •
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considered negligible. The next to go will be
excessive man-made electrical interference
with normal signals."
Picture Broadcasting
WITH respect to the broadcasting of pictures, Dr. Goldsmith feels that the possibility ofamateur participation in picture experiments should be encouraged, but that
apparatus so far developed is not sufficiently
simple and reliable to appeal to any but
the experienced set-builder and experimenter.
"While I believe experiment should always
be encouraged and the participation of amateurs in practical picture reception will hasten
the day that the apparatus will be of a form
suited to general sale, I do not believe the
public should be deprived of entertainment
by the broadcasting of pictures for the benefit
of a few experimenters. Picture broadcasting,
when conducted for experimental purposes
through broadcasting stations, should be primarily confined to such hours that the average
listener does not use his radio. This consideration confines most experimental picture
broadcasting to the early morning hours. It
should remain thus restricted until substantial
audiences are built up, a possibility only
when practical and foolproof apparatus is
available. It may then be necessary to transfer picture transmission to other and more
suitable
wave bands."reveals the underlying
This observation
foundation of Dr. Goldsmith's attitude
toward the public. Zealous as he is to encourage picture broadcasting, he does not believe
it should be permitted to interfere with regular entertainment until it is ready, by reason
of low cost and reliability, for general public
consumption. And likewise, every new development ofthe laboratory, however promising in its experimental stages, must stand the
test of public service before it is truly a practical device. Bridging the gap from the laboratory to the public is the problem to which
Dr. Goldsmith has so ably devoted himself.
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By L. M. HULL
Formerly, Engineering Department, General Radio -sCo.
f ■ iHE general subject of overall measureI merits on any kind of a radio set is one
about which engineers do a great deal of
talking but not much writing. Thus, the literature of the subject is in a rather unsatisfactory
state, although the technique of providing
small measured radio-frequency voltages at
definitely localized points is quite generally
understood, and is now being employed extensively for the standardization of broadcast
receivers, even in laboratories which do not
profess to be centers of research.
Most laboratory measurements on a radio
receiver are based upon the assumption that
the action of a wave field upon an exposed
antenna, in building up a high-frequency
voltage across a receiver input impedance
at the base, may be simulated so far as the
receiver is concerned by a locally generated
signal which is fed into the receiver through
a local impedance having reactive constants equivalent to those of the antenna.
For example, the effective height of an antenna is any length in meters which makes
a conventional formula give the right numerical result. But on many occasions in this
cruel competitive age the design engineer is
forced into the embarrassing responsibility of
deciding whether receiver A will give more
service per dollar than receiver B, without
having the leisure or the facilities for operating both A and B in a hundred different localities on a hundred different antennas. The problem of making a laboratory measurement from
which valid generalizations can be derived is
then of vital importance which cannot be resolved by definition.
The practice of measuring a receiving set
by assuming an "equivalent" local or dummy
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} LocalReceiver
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1
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J
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Fig. 2 — Method of testing receiver.

antenna and impressing
a voltage in series with
IJljl|IJto|—1 be justified by theory. This
it would ■|seem
This article by Dr. Hull, formerly of
the Engineering Staff of the General
Radio Company, treats of a subject
that has been hotly discussed pro and
con by engineers ever since there were
any broadcast receivers. How to
measure accurately the overall gain of
radio sets has been a serious problem
and the device which Dr. Hull describes
here is, as far as we know, the first of
its type to be generally available. Some
of the material in this article was presented byDr Hull in a paper delivered
before the Radio Club— The
of America.
Editor.
theoretical argument, as outlined, is not new.
It was recently summarized by Colebrook
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(Experimental Wireless and the Wireless Engine r, p.567, Nov., 1927) and objections to it
may be answered by two kinds of experimental
evidence as follows:
Experimental Evidence
FIBST, if an antenna excited by a wave field
is series-tuned to some frequency lower
than its fundamental, and various resistances
are inserted at the base (enough to vary the
current at the base over a wide range) a linear
relation will be obtained between current and
resistance, indicating that the voltage due to
the wave field acts like a constant voltage in
series with some impedance, which is substantially independent of the current, at least
over certain ranges. Second, if a tuned receiver
input circuit is compared with a pure resistance on an antenna excited by a wave at frequencies below the fundamental, and then
compared at the same frequency excited by a
local generator through an impedance equal
to the antenna impedance as measured at the
base, the relative factors of merit will be the
same for each form of measurement.
Thus it may be concluded that the use of a
local signal in measuring antenna-operated receivers ispartially justified by the theory I
have outlined, and is better justified by experience.
A primary necessity for such measurements
is a local signal generator of such a form that
a known minute radio-frequency voltage may
be produced between two particular terminals
and nowhere else. With this available we can
forsake the pernicious practice of measuring
the individual amplifier stages, detectors and
what not, independently, and multiplying the
results together to arrive at the performance
of the set. I do not question the value of the
piecemeal measurements; they constitute essential steps in the design. But what we are
now concerned with is an appraisal of the
final result.
There are two schools of thought with regard to the design of refined local sources.
One advocates the inductive-coupler method,
in which a measured current is passed through
an exposed coil and the small test voltage is
picked upculated
on mutual
a second
coil having
a small
inductance
with the
first.cal-A
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(4) The whole outfit to be reproducible by
ordinary skilled shop labor.
A diagram of the circuits employed is
shown on Fig. 1. A single audio oscillator tube
is provided within the apparatus, for modulation at a fixed frequency of about 400 cycles.
This is the frequency normally used for the
Ant.
most common sensitivity and selectivity
measurements. This oscillator includes the
tube shown at the left of the drawing and the
600 700 iron-core transformer tuned by a fixed condenser. This transformer feeds a modulation
transformer through a resistance voltage divider marked "Modulation Control." The
audio voltage is impressed by the modulation
✓
✓
transformer through a one-to-one ratio upon
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typical design has been described by Rodwin
and Smith. (Proc, I.R.E., Feb. 1928, p. 155).
It is open to certain objections as to both
convenience and accuracy. The current in the
generator coil must be varied over a wide
range, necessitating either a series of thermal
meters or a radio-current transformer, and the
mutual inductance between the coils may be
modified by different amounts at different
frequencies, by adjacent shields, or other conductors. On the other hand, the method has
the advantage of impressing a field directly
upon the loop designed for use with a receiver
under test, instead of impressing a voltage in
series with the loop, from which the equivalent field must be calculated.
In accordance with the second method, the
test voltage is developed across a small known
resistance which terminates a resistance attenuation network fed by a measured radio
current. This method presents the general
advantage of allowing all current-carrying
impedances to be buried in shields, exposing
only a single terminal which is above the
shield by the amount of the test voltage. It
allows a rating which is directly expressible in
field strengths for normal signal in the case of
an antenna-operated receiver.
An outfit which I think is interesting in
that it is moderately portable and yields results comparable in accuracy with more bulky
equipment, is the one which I am about to
describe.
A Standard Signal Generator
'T'HIS
outfit was developed to fulfil four
conditions:
(1) A portable source equipped for use with
external, unshielded batteries.
(2) A range of output voltages from one
microvolt up, with sufficient shielding to prevent the induction by stray fields of voltages
in any adjacent tuned circuit comparable with
the output voltage.
(3) An accuracy well within the consistency of measurements with highly stable
receivers.
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operated by a tuning dial on the front panel.
A small variable condenser is provided in
shunt with the main condenser for fine tuning
adjustments. The tuned circuit is closed
through an attenuator, which is bypassed to
ground by a non-inductive variable resistance
marked "Radio Control." This resistance
thus furnishes a means for adjusting the mod\\ ulated radio-frequency current flowing into
the attenuator. The current which passes into
the attenuator is measured on a four-ohm
thermo-couple connected through a twin twosection filter into a panel-type d.c. galvanometer which is exposed on the front panel of
the outfit. The output end of the attenuator
terminates in a two-ohm non-inductive slidewire which is connected to the output terminals on the front panel. This slidewire consists of a short piece of No. 38 manganin wire
stretched over a copper return path with an
insulation strip 0.01 inch thick between them.
Fig. 10, is an external view of the outfit.
The various instruments and controls will be
recognized from the description previously
given. The external dimensions are 17 x 15 x
12 inches.
Fig. 2 shows a conventional method of connecting the signal generator through a local
or dummy antenna to a receiver under test.
For the sake of completeness an external audio
oscillator is shown. The receiver may be positioned at any convenient point near the source
and twisted leads a foot or so in length do not
introduce an appreciable error since the impedance at the generator end is never more
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the plate circuit of the radio oscillator tube,
and is measured by a thermal voltmeter comprising aresistance, a thirty-ohm thermocouple, and a panel-mounting d.c. galvanometer shown at the lower part of the figure.
A low pass permits the use of an unshielded
external audio oscillator which may be positioned anywhere with respect to the signal
generator and the receiver under test, and
which may be connected to the signal generator through unshielded leads. The radio oscillator tube has a "parallel feed" plate circuit
consisting of the secondary of the modulation
transformer and a radio-frequency choke coil
in series with the positive B battery terminal
and the plate. The tuned circuit of the radio
oscillator
consists
of a " vario-coupler
induc-to
tance which
is connected
by a metal " belt
the variable timing condenser, both being
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than two ohms. The error in any ratio on the
slidewire or decade attenuator is not greater
than 3 per cent, at any frequency above 1500
kc; (2) The error in the absolute value of the
voltage between the generator terminals is
not greater than 4 per cent, at any frequency
and is probably much less for potentials above
10 microvolts.
The accepted practice in measuring and
rating receivers is to impress the known voltage from the generator in series with the local
antenna circuit and the input terminals of the
receiver. The output of the receiver is
equipped with a resistance load appropriate
to the power tube or tubes which terminate
the audio amplifier. A "normal signal" is
specified for all receivers, usually 50 milliwatts. All measurements are referred to the
radio-frequency voltage, with a specified percentage modulation and a specified antenna,
which will produce normal signal in the output
load of the receiver. With an output load of
2000 ohms, for example, normal signal corresponds to about 14 volts which is a reasonable loud-speaker voltage. A simple "output
meter" is required for all such measurements.
It may be a vacuum-tube voltmeter or a thermal meter. Furthermore, sensitivity measurements are usually made with a modulation
frequency of 400 cycles and 30 per cent,
modulation.
General Shielding
r I "'HE radio- and audio-oscillator circuits are
mounted in a heavy copper box with a removable lid. This main internal shield is fitted
to a metal sub-panel, which is attached by
metal studs to the outside panel, also of metal.
The outside panel is screwed tightly to a
copper-lined cabinet and forms with it the
outside shield. The various filters are each
distributed, part inside the internal shield and
part between the internal and external shield.
All controls are brought through both shields
to the front panel on insulated shafts. Metal
shafts are undesirable because they frequently
make rubbing contacts with one or both
shields and produce unexpected and disturbing phenomena.
All battery lines, the external modulation
lines, and the lines to the two d.c. meters pass
through filters. These particular filters were
evolved from a number of different laboratory
outfits and finally reduced to the minimum amount of inductance and capacity which maintain the insulated
terminals at negligible radio-frequency
potentials above the external shield.
The coils in all the filter sections consist of bobbins wound with No. 20 wire
to an inductance of about 400 microhenries, and each mounted in an individual copper shielding cell. All the
capacities in the battery and instrument
lines are 0.5 mfd. The end capacities
on the modulation filter are 0.25 mfd.,
making this line an impedance of
about 30 ohms throughout the audiofrequency band, as looked at from the
external modulation terminals. The
modulation transformer winding, which
is fed through this line, is correspondingly alow-voltage winding.
The resistance attenuator is built
of small non-inductive units in which
no wire larger than No. 38 manganin
is employed. It will be noted that no
single resistance unit is larger than
178 ohms. This permits the use of the
reversed-loop form of winding which

experience has shown to be more reliable as a
radio-frequency voltage-drop resistance at
1500 kc. than the so-called bifilar or parallelstrand winding. Capacity effects in the
reversed-loop winding would be important,
even with wire as small as No. 38, if high resistances were employed. Suitable methods of
using radio-frequency slidewire in radio gainmeasuring outfits have already been developed
and an adaptation of the older technique is
employed. Voltage ratios of over 10 to 1 may
easily be obtained on a wire not over one inch
long. Thus, by the use of the slidewire to provide the necessary continuous variation, steps
of 10 to 1 may be employed on the attenuator
and a single value of current may be employed
for all values of test voltage from the highest
to the lowest, which is a great advantage from
the standpoint of convenience.
By using the slidewire, then, we are enabled
to employ a decade attenuator having only
five steps. Using the values of resistance
shown the attenuation ratios are as follows:
10,000 to 1, 1,000 to 1, 100 to 1, 10 to 1, and 1
to 1. The slidewire is normally provided with
a calibrated scale of 20 divisions. Thus, with
the current through the radio current meter
adjusted to a fixed value of 50 milliamperes
and the attenuator at the last point on the
left, a radio potential of one microvolt is impressed between the output terminals with the
slidewire on its first scale division, and 10
microvolts with the slidewire at maximum.
The slidewire scale is correspondingly multiplied in microvolts output at other points on
the attenuator. The current may also be operated at twice the foregoing value without forcing the meter off scale, which provides a maximum output voltage of 200,000 microvolts.
The sliding-contact switch shown above the
decade attenuator in the diagram of Fig. 1
is simply a device for throwing a fixed resistance of approximately 16 ohms in series
with the attenuator on alternate points in
order to keep the total resistance in the radiofrequency circuit constant and prevent current
variations as the attenuator is shifted. This
compensating resistance is controlled by a separate switch mounted on the same shaft with
the attenuator switch because it and its associated leads must be carefully shielded
from the right-hand or low-voltage portion
of the attenuator. The shielding of this attenuator isa delicate and rather complicated

Fig. 10 — External view of signal generator.
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matter, brought about by the fact that
for convenience we elected to start with large
radio-frequency currents.
Actual Receiver Performance
r I "'HE next few illustrations show some receiver performance curves made with an
outfit of the character described above. These
were merely picked at random as illustrative
of the general types of information yielded by
these measurements, and are by no means intended as a complete study of any one receiver. All these curves were taken with a local
antenna of 20 ohms resistance and 100 mmfd.
capacity. This does not affect the selectivity
and fidelity appreciably but for a study of
sensitivity, various antenna combinations
should be employed.
Figs. 3, 4, and 5 show the sensitivity, selectivity and fidelity of a receiver which has two
tuned radio-frequency stages, stabilized by
grid suppressors with a third radio-frequency
tube at the input fed by an untuned antenna
circuit — six tubes in all, with three tuned circuits. Itis not very sensitive with a small antenna, owing to the voltage loss in the untuned
input circuit. This is shown by the lower curve
which was taken for comparison with the antenna circuit cut out (Fig. 3).
Fig. 6 shows the sensitivity of a high-grade
five-tube set containing two well-balanced
radio stages and a good audio amplifier. It is
shown to bring out the effect of using a high
turns ratio in the radio transformers in order
to obtain selectivity in a non-regenerative set
having only three tuned circuits. Fig. 7 shows
the excellent low-frequency fidelity resulting
from the use of heavy audio transformers.
The high-frequency part of the curve indicates
that the designer might profitably have decreased the losses in the audio transformers in
view of the amount of side-band cutting present in the radio amplifier.
Fig. 8 is an example of extreme and mostly
undesirable sensitivity. This receiver has four
tuned, balanced radio stages with five tuned
circuits. At 300 meters, one microvolt in an
antenna of 100 micro-microfarads capacity
produces normal signal. The decrease in sensitivity below 300 meters is due to the fact
that the gang condenser was not properly
aligned. Fig. 9 shows the razor-like selectivity effect of five tuned circuits and also the
effects of some accidental regeneration.
I am indebted to Mr. Malcolm Ferris
of the Radio Frequency Laboratories
for
selecting these curves for me from
his files.
The study of overall performance
curves is fascinating because it offers
endless opportunity for interpretation.
\
I have by no means discussed all the
\
measurements which can profitably be
\
made on broadcast receivers even after
I their design is completed. But I do not
I wish to minimize the importance of
I constant listening to receivers and manI ipulation of them on actual reception
f of broadcast signals. I believe that an
/
experimenter can best employ his facil/
ities by making constant comparisons
f
and correlations between the overall
performance curves of any receiver and
his reasoned impressions of its behaviour in actual signal reception. By such
a procedure a mature and valuable experience inthe interpretation of overall
characteristics can be obtained with
out which they are apt to be nothing
but scraps of paper.

The

Davis-Dill

OPEN season for obscure Congressmen
to focus public attention upon themselves by shooting holes in the unfortunate broadcast structure is again upon
us. The first to seize upon this tried method of
limelight winning were the familiar figures of
Senator C- C. Dill and Representative E. L.
Davis.
The theme of their 1928 short-session song
hit is that the power of broadcast stations
should be limited to 10,000 watts. "These highpowered stations," says Senator Dill, "dominate the dials of most receiving sets within
a radius of 150 to 200 miles of the transmitter
using immense power. Since the Commission
will not protect the public, Congress is the
only body that can do so. The people for
whom Congress passed radio legislation are
entitled to conditions under which they may
listen to stations other than those of immense
power. In practice, it is found that these highpowered stations cannot be separated by
kilocycles."
Our listening post is so located that the
effect of high-powered transmission may be
observed under the most ideal conditions.
Within twenty miles are wjz and weaf and
110 miles to the North is wgy. Utilizing a
receiver costing less than $150, we heard, between sundown and 11 p.m. during the first
ten days of the new allocation, while each of
these "dominating" high-powered stations
were broadcasting, wcau, wwva, wham, wfbr
WBVA, WPG, WBT, WTAM, KYW, WHO, WBZ,
KDKA, WCFL, CKCW, CFRB, WFIW, WCSH,
WMAK, WIS, WENR, KWKH, CJCG, KOA, WHAS,
WCCO, KTHS,
WNC,
WJB,
WGN, WLW,
WPTF, WMAW,
WSM, WGBF,
WTMJ, WIP,
and wfi, each with intelligible loud-speaker
volume. The local stations are not included
in the list. Over half of these out-of-town
stations were reproduced with sufficiently
good quality to be comparable to locals. The
entire spectrum of low- and high-powered
local stations is spread adequately so that
none interferes with another. There is not the
slightest support for the Senator's statement
that stations over 25,000 watts cause any
greater trouble than 500- and 1000-watt
stations at equal distances.
It is a well-known experience that, when
power increases are first put into effect, poorly
designed receivers in the immediate vicinity
show up their inadequate selectivity. After a
few weeks of operation, ancient receivers are
replaced, excessively long antennas are reduced
to more reasonable proportions and wave
traps are installed at locations within four or
five miles of such stations. These alterations
are necessary, whether the new station is
5000 or 100,000 watts. Levelling the power
to 10,000 watts does not eliminate the need
for these reasonable modifications, nor does
it increase by an iota the number of stations
which may be loaded upon our broadcast
channels without heterodyning. On the other
hand, power curtailment reduces service to
listeners in remote areas and increases the

Publicity

Barrage

Begins

the rural listener who finds radio an almost
essential enhancement to his happiness. He
usually is equipped with a less expensive
receiver and will resent the loss of the only
stations which give him a good loud-speaker
signal.
The Senator's effusion is inspired by the
fact that it enables him to make spectacular
attacks upon the great electrical interests.
Defending the weak against the strong makes
good newspaper copy, even though, in the
case of broadcasting, its prospective effect is
to weaken radio signals and curtail broadcasting service. It is inevitable that the great
electrical and radio interests should be the
only ones willing to build great stations because small fry can neither afford to erect such
stations nor to pay the immense cost of operation and maintenance involved. Hence, discrediting high power has that delightful antimonopoly flavor which is so effective with
the gallery and the press. In the last analysis,
the listener is the one who would pay, were
the Senator successful in forcing his proposal
into law, by being compelled to buy a more
expensive receiver and by the reduced quality
of reception which the weakened signed would

Circular bank of 15 water-cooled
power-amplifier tubes used for
transatlantic telephony. This
unit has an output of 200 kw.
disturbing effect of interfering atmospheric
and electrical noise upon reproduced prolisteners.grams tuned-in by both urban and rural
PUBLIC PREFERENCE
The public prefers the loudest station which
offers an acceptable program. The higher the
signal level, the less sensitive and less expensive the receiver required to reproduce it.
As the signal level is reduced, the musical
quality of reception is proportionately injured
regardless of amplification power. Restricting
broadcasting to low power deprives the rural
listener of any real broadcasting service and,
even with a most expensive receiver, whatever
programs he is able to tune-in from lowpowered stations are marred by excessive
tube noise, static and electrical interference.
It was only with the advent of high-powered
broadcasting that radio was lifted from a
curiosity to a musical instrument. The senator
is setting out to destroy the musical value of
radio for all except those within the shadow
of broadcasting stations. The greatest damage
which would be wrought by the adoption of
his proposed measure would be the farmer and
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giveSenator
him. Dill's bill to authorize a salary of
,$10,000 a year to the chief counsel of the
Federal Radio Commission is a most constructive measure and we are pleased to commend
his stand in this matter.
BROADCASTERS AS UTILITIES
Representative Huddleston of Alabama
wishes to class broadcasting stations as public
utilities because they wield great public
influence. The principal effect of such classification would be to take from program
directors the right to select entertainment and
educational features according to the desires
of the listening audience. According to public
utility principles, whoever has the price of
broadcasting woidd be entitled to the service
of the microphone. Facilities must be provided
to meet whatever demands the public makes
for them. Considering that there is no way of
increasing the number of broadcasting stations
to the thousands necessary so that all who
wish could broadcast, the proposal is no more
unreasonable than requiring the President of
the United States to take all persons of voting
age for a joy ride in his limousine on the
Fourth of July. Newspapers and motion
pictures also have great public interest and
they might, on the same plea Mr. Huddleston
makes for public utility regulation of broadcasting, be compelled by Congress to publish
all news and propaganda items submitted to
them and to film all politicians at whatever
cost they render such service to anyone.
We hope that the trade associations of the
radio industry will profit from the painful
lesson which they should have learned last
year, when the destructive Davis Amendment was slipped over while the industry
associations slept. Since the general public
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does not know what it is all about until after
legislation is passed and the politicians playing with radio legislation do not intelligently
protect the interests of the listener, it is highly
essential that definite steps be taken by the
radio industry to defend the threatened ether
channels. Legislation tending to reduce broadcasting service should be vigorously opposed
lest politicians, in their zeal for publicity,
destroy the structure which has been so painfully built up.
Fitting Receivers to the New Allocations
IF THE new allocation structure survives
the attack of self-seeking broadcasters
and meddling politicians, it is likely to
form the foundation upon which all future
allocations will be based. A month's observation, under the new conditions brought
about by the allocation, reveals an entirely
new broadcasting world. In general, leading
stations are now no longer marred by heterodyne whistles, with the consequence that their
clarity of reproduction is greatly improved.
On the other hand, in most localities, the number of points on the dial that near-by local
stations are found has been reduced. This is
the case particularly in the congested districts of New York and Chicago. In the wide
gaps between the local stations, the listener
with the moderate priced set is now served
with good quality by stations several hundred
miles distant. With a highly sensitive receiver,
he can hear distant programs during the early
evening hours as reliably as after midnight
prior to the reallocation.
These new reception conditions make those
characteristics of receiver performance, paramount in the embryo days of broadcasting,
once more of great value. For the last two or
three years, we have been concerned principally with improved convenience in maintenance, secured by powering receivers directly
from the light socket, and better tone quality,
made doubly desirable b> the availability of
high-powered, high-quality transmissions.
Although progress in these directions is by no
means halted, it now becomes increasingly
desirable to encourage greater sensitiveness
and better selectivity. Both these objectives
were once attained by using regenerative
receivers, the selectivity and sensitivity of
which increase proportionately to the amount
of regeneration employed. Fortunately, the
regenerative receiver is no longer with us because aslight move of the dial, when it is in
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for the ice barrier until arrival this mail about December 2.0th.
Malcolm Hanson.
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This radiogram, signed by Lieut. Hanson, radio head of the Byrd Antarctic
Expedition, shows that the explorers plan to keep abreast of the times on
radio subjects by reading Radio Broadcast
its most efficient operating condition, converts
it into a transmitting station. But, even with
several stages of tuned radio frequency, the
best we can hope to do is to equal the selectivity obtainable with well-designed regenerative receivers. However, we cannot rely, in
this day and age, upon regeneration. Regeneration sharpens tuning to the point
that discrimination of audio as well as radio
frequencies is obtained, so that either low or
high tones are lost. This militates against the
quality of reproduction, a characteristic no
longc tolerated by the discriminating listener.
We must, therefore, find new means of
securing the degree of selectivity which has
now become desirable and useful without
sacrificing tone quality. This may be attained
by the band-pass filter systems, admitting full
energy of a ten-kilocycle channel band but

discriminating sharply against any signals
outside the desired channel. As progress is
made in improving selectivity, the permissible
power of broadcasting stations will increase
greatly and consequently the listener may
ultimately expect satisfactory programs on
every dial position of his receiver. Furthermore, the number of stations which give him a
clean signal, rising above local electrical noise
and atmospheric disturbance, will increase in
proportion to the power of the transmitting
station. Forward looking manufacturers will
take advantage of the opportunity which the
new allocation brings by departing from
stereotyped designs and producing receivers
possessing
sensitivity. new standards of selectivity and

Schedule of Broadcast Television Transmissions
Speed
Disc of No. of Pictures
Holes
Location
Schedule of Translength No.inofDisc
Per21 Second
(ft. P. M.)
Wavemis ions E. S. T*
21
24
24
Schenectady, N. Y.
Tuesday
1
:30
p. m.
31
5
1260
19.6
1260
Schenectady, N. Y.
Sunday 11:15-11:45
p. m. Tuesday, ThursP. M.day, Friday 1:30-2:00
16 . 7
Monday, Wednesday,
Washington, D. C.
Friday
8-9 P. M.periods
48
326
450
New York City
5-10 minute
900
15
450
every
hour
station is
48
on air
New York City
61
48
15
Chicago, 111.
10 to 11 a. m. Daily
32
48
except Sunday
900
447.5
45
15
Chicago, 111.
p.Probably
m. Daily 11:30-12
900
24
15
Memphis, Tenn.
Irregular
900
48
Lexington, Mass.
9:30 p. m. Daily
900
62
Beacon, N. Y.
63
5
15
60
Pittsburgh, Pa.
Irregular
66
36
1080
18
900
1:30 to 2:30 A. M.
Los Angeles, Calif.

Major
report,
HIS S.annual
INGeorge
of the
OfficerGeneral
Signal
Gibbs, Chief
Army, announces the development of a
new, double-voltage, direct-engine-driven generator, replacing the wind-driven dynamoter,
hitherto used for powering transmitters and
receivers. The motor-driven power source
can be used while the plane is on the ground
and is considerably more reliable than the
wind-driven type. One of the principal problems with wind-driven generators was the
requirement that automatic, self-regulating
propellors, which compensated the variations
in speed of the ship, are required to insure
reasonably constant voltages.

* As this
issue goes toparties
press totheattend
statusa ofmeeting
television
on broadcast
wavelengthsof allowing
is unsettled.
Commissionwithin
has
invited
all interested
to discuss
the advisability
visual The
broadcasting
the band from 500 to 1500 kc. Also, the Commission has limited television transmission in this band to between
the hours of 12 midnight and 6 a. m.

Aircraft Radio

THE Bureau of Standards is improving its
radio direction beacon by making it unidirectional. This will not only increase the
beacon signal strength in the desired direction,
but reduce the possibility of interference. A
combination of vertical antenna with the two
crossed coil antenna is used.
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perior service to the listeners. It would not be
difficult, were municipal and state stations
held superior to commercial stations, to completely dominate the dials with municipal,
political, chamber of commerce, and state
university broadcasting stations. Many of
these, no doubt, serve a useful purpose, but
they are very far from representing a substantial part of the listener's service.

Dr. Walter G. Cady, head of the Department of Physics at Wesleyan University,
has been awarded by the I. R. E. the 1928 Morris Liebmann Memorial prize for
the year's outstanding accomplishment in radio
THE latest edition of the annual list of
amateur radio stations in the United
States includes the call letters, names, and
addresses of the operators of 16,928 amateur
transmitting stations. W. D. Terrell, chief
of the Radio Division of the Department of
Commerce, reports that 2983 applicants for
commercial
operators'
5687 for
amateur licenses
werelicenses
given and
examinations
during the current year.
With the Broadcasting Stations

HARRY BELLOWS, Manager of wcco,
Minneapolis, has announced his desire
to utilize only those network programs
he selects from the offerings of the N. B. C.
and Columbia systems. While such freedom
of choice is desirable from the standpoint of
the local station manager, the widespread
adoption of this attitude would make the
economic position of the purveyors of wiresyndicated programs unstable. Wire networks
cannot be conducted economically unless a
reasonable number of hours are used by all
the stations served. Furthermore, the commercial broadcasters, who make chain broadcasting possible, are not justified in excessively
high talent cost unless a considerable number
of stations distribute the programs.
Nevertheless, Mr. Bellows is pointing the
way to a trend which will ultimately gain
headway. With the improvement in recording
musical programs upon films and records, we
may eventually see a lessened use of the wire
method of distributing programs. If this trend
is ever carried to the point that wire distribution of programs becomes uneconomic,
however, it would be a great loss to broadcasting in that permanently set-up, nationwide networks could no longer be maintained.
Then great broadcasting events, such as
presidential speeches and sporting events,

could no longer be broadcast on a nationwide
scale simultaneously with their occurrence.
Hence, this trend is acceptable only to the
point that it does not affect the stability of
wire-syndicated program service.
T^OR the purpose of record, we present the
following figures from the St. Louis PostDispatch, summarizing the now-forgotten,
radio presidential campaign:
Time used in nationwide hook-ups, 50 hours
to a side.
Stations broadcasting Smith's acceptance
speech, 115, a record number.
Stations broadcasting Hoover's acceptance
speech, 107.
Average price an hour, about $7500
Democratic appropriation for radio,
$600,000; spent nearly $650,000.
Bepublican appropriation for radio, $400,000; believed to have spent practically as
much as the Democrats.
Total radio expenditures of both parties,
including local spot broadcasting, estimated at
$2,000,000.
Replies from listeners: Democratic, 250,000
letters, 10,000 telegrams, $600,000 in cash
contributions. Republican, 100,000 letters
and heavy contributions.
Compare this with the very limited use of
broadcasting in the previous campaign,
amounting to forty or fifty thousand dollars
for each party.
CONGRESSMAN EMMANUEL CELLER, appearing for wnyc in its efforts
to replace wmca, which shares its 570-kc.
channel, stated that wnyc being a municipal station, operated by a government body,
has superior rights over a commercial station.
Were such a principle recognized, it would be
unfortunate because municipal or state
operation does not by any means insure su• february, 1929 . . . page 235 •

rT,HE Department of Commerce has ordered
special radio receivers, equipped with
accurate means of measuring frequencies, to
check broadcasting stations. No matter how
perfectly allocation is worked out, if stations
do not adhere closely to their assigned frequencies, serious heterodynes are bound to
result. Some of the deviations of channel
assignments are sufficiently great to be observable with an ordinary commercial receiver, if
the owner takes the time to plot a dial settingfrequency curve. Captain Guy Hill, the
Federal ofRadio
Commission's
engineer
charge
broadcasting,
reported,
amongin
others, deviations of wkbq, 25,400 cycles high ;
wnj, 18,000 cycles low; wevd, 8900 cycles
high; wafd, 73,200 cycles low, and wsdtj
20,100 cycles high. Such extraordinary deviations are adequate evidence of total technical
incompetence, sufficient to warrant cancellation of stations' licenses. With the imperfection ofeven the best kind of crystal
control, moderate and occasional deviations
are not entirely avoidable, but some of the
deviations noted amount to from two to five
degrees on the ordinary radio receiver dial
and only the most moderate technical skill
is required to avoid them.
r I "'HE Federal Radio Commission's decision
to revoke the 1000-watt construction permit granted wil, after kwk had successfully
prosecuted a hearing for full time on the
1350-kc. channel which wil expected to share
with it, is illustrative of the precarious character of the broadcasting business. Construction
permits should not be granted on terms which
involve curtailing the power or time of
established stations without first obtaining a
waiver from the stations involved. While we
have little sympathy for anyone who constructs a broadcasting station in an area
already receiving adequate service, we feel
that those having the courage to invest in
new broadcasting facilities should at least be
given every reasonable protection. Wil will
not even have the satisfaction of offering
an opening program with its new 1000-watt
transmitter, the construction of which was
entered upon only after a proper permit had
been obtained from the Commission.
\ CCORDING to press reports of the evidence of Hugo Gernsback, appearing on
behalf of his station, wrny, before the Commission, the Edison Hour has cost the New
York Edison Company as much as $20,000 in
a single week. This is the highest cost for
talent ever reported for a single feature of that
character. The Edison Orchestra is not at all
unusual and it is amazing to learn that this
feature costs twenty times the average of
similar features of equal program merit.
Progress in Short- and Long-Wave Radio
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A COMPR
for the Federal Radio Commission by
T. A. M. Craven, emphasizes the importance
of accurate maintenance of assigned frequen-

cies. The standard used should have an
accuracy of 0.025 per cent., although 0.005
per cent, is within the range of practical possibility. He recommends that no licenses be
granted to any who do not demonstrate that
they can maintain their assigned frequencies
within 0.05 per cent.
A FEATURE of the Vestris disaster which
has escaped general attention was the
discovery that the American steamer Monloso was hardly 25 miles from the sinking ship
but, being unequipped with radio, did not
hear of the disaster until its arrival in Boston
several days later. The Montoso, having less
than the minimum number of passengers or
crew required to make radio equipment
compulsory, cannot be criticized for its failure
to be so equipped. Nor would it be justifiable to
increase the requirements so that thousands
of small steamers, most of which do not venture into seas where they are likely to be of
value in saving life, are required to maintain
radio service. It would be possible, however,
to design receiving equipment which is automatic and which would require no personnel
to operate. When a characteristic distress
signal is received, such a device can actuate
an alarm bell and also automatically place in
service a signal-recording device, built upon
the principles of a picture recorder. Then, by
reference to a code book, the message could be
interpreted by any person, however unskilled
in the radio art. Such equipment would not be
excessively expensive either in installation or
maintenance and could be required upon all
ships above a thousand tons which travel
more than fifty miles on the high seas.
[News of the Radio Industry

Radio Corporation of America has
THE
voted to form a separate communication
company as a step toward the ultimate
sale of its communications interests
either to the International Telephone & Telegraph Company or
the Western Union. It is necessary
that the White Act be amended to
make such a sale possible but, in
view of the precedent set in England, where legislation was passed
to permit merger of cable, telegraph and radio communications
interests, there is considerable hope
that Congress will relax its hostile
attitude toward the R. C. A. sufficiently topass such an amendment.
David Sarnoff has been promoted to the title of Executive
Vice-President of the Radio

Corporation of America. Dr. Alfred N. Goldsmith becomes Vice President and Chief
Broadcast Engineer, Manton Davis, VicePresident and General Attorney, and Elmer
Bucher, Executive Vice-President of R. C. A.
Photophone. Hiram S. Brown has been elected
President of Radio-Keith-Orpheum. He was
formerly President of the United States
Leather Corporation.
HPHE Jenkins Television Corporation, a
subsidiary of the deForest Company, has
been formed with a capitalization of ten
million dollars. Two and a half million dollars'
worth of the stock is offered the public. C.
Francis Jenkins is Vice President in charge
of engineering. Presumably the short-wave
shadowgraph reproducer will be marketed by
the company. The subject of transmissions is
taken from silhouette films and the reproduction isenlarged by means of lenses and
mirrors to about six by six inches. From what
we have seen of Jenkins' apparatus, it has
considerable curiosity value, but great strides
must be made in detail and shading before it
can be said to have entertainment value. Mr.
Jenkins' long experience in television research
makes progressive improvement certain, but
how long it will take before the unsolved
problems of channel conservation, necessary
to television of educational and entertainment value, will be solved is still more a guess
than a prediction.
T^HE Traffic Committee of the Radio ManuJ- facturers' Association has presented detailed demands for reduced and equitable
freight rates applying to radio receivers, before the Joint Classification Committee of the
principal railroads. Bond P. Geddes, Executive Vice-President, and W. J. M. Lahl,
Manager of the R. M. A. Traffic Bureau,
appeared for the R. M. A. on this question,
which is of vital interest to the radio industry.

THE Department of Commerce reports the
value of radio output in 1927 at $191,848,665, an increase of 8.4 per cent, over 1925. The
production of tube type sets fell 19.1 per cent,
in number but rose 0.7 per cent, in value.
Socket power devices constituted 13.4 per
cent, of the total value of radio apparatus
manufactured during the year.
piERRE
BOUCHERON,
advertising
manager of R.forC. many
A., has years
been
placed in charge of the new R. C. A. southern
district sales office at Atlanta.
TZ OLSTER RADIO CORPORATION has
■"- closed contracts with Wired Radio, Inc.,
a subsidiary of the North American Company, effecting a patent interchange arrangement and requiring that one-third of Wired
Radio's requirements be manufactured by
Kolster at cost plus 25 per cent, basis.
Decisions of the Courts
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opinion
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CourtJohn
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of thehanded
IN C.ANKnox
the Southern District of New York,
Dubilier patent 1,497,095 and Horton patent
1,572,604, held by the Dubilier Condenser
Company, were held invalid and, therefore,
not infringed by the Aerovox Wireless Corporation.
THE Federal District Court of New Jersey
upheld R. C. A. , G. E., and A. T. & T. in their
joint action against the Shamrock Manufacturing Company. The defendant unsuccessfully
held that the parties in the suit represented
misjoinder of action.
THE Hazeltine Corporation won a decision
over Atwater Kent in the Brooklyn
Federal Court. Atwater Kent contended that,
because of earlier patents granted Alexanderson, under which they are licensed,
they did not infringe the Hazeltine
patents. Judge Grover M. Moscowitz enjoined Atwater Kent from
further infringement and ordered
an accounting. An appeal has been
entered.

Court d ofto the
reStatese decline
UnitedSuprem
THE
view the injunction issued by the
Federal District Court for Delaware, restraining the R. C. A. from
enforcing Clause 9 of its license to
receiver manufacturers, to which
objection was brought by a group
of vacuum tube manufacturers.
E. H. F.
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By JOHN S. DUNHAM
QRV Radio Service, Inc.

THE ensuing article, which has been
permitted, by the Grace of God and
lack of penetration of the Editor — no
matter what he may be saying about it from
his box seat on the right — to appear in this
august (or February) publication, does not
contain one word of technical problems, but
rather of general service questions which we
believe are both outstanding and common to
most of us who are in the service game. You
may, therefore, with entire propriety — and
very little loss — omit reading it and wait for
the more or less technical problems which we
hope to vigorously attack in following articles.
In order to discuss any subject intelligently
it is first necessary to know what that subject
embraces, to effect an orderly division of its
phases, and then to discuss each phase separately. Ifwe are talking about our own problems as servicemen, then it will help clarify
the situation to classify not only our problems
but also to divide up into groups the different
kinds of servicemen. We believe that servicemen may be divided into three general classifications, into which fall at least 90 per cent,
of all the men in the country who are doing
any sort of radio service work.
The first, and we believe the largest, class is
composed of those who are working alone in
their own residence neighborhood, and devoting either all of their time or only a part of it
to servicing broadcast receivers. This class
comes from the amateur ranks, professional
set-builders, high school and home experimenters, commercial and Navy radio operators, electricians, radio "institutes," and many
other sources. A large number of them, like
Topsy in Uncle Tom's Cabin, "just growed."
The second class is composed of those who
are working as servicemen for service organizations, or in the service departments of
radio dealers. The vast majority of such men
has been recruited from the ranks of those
who first started working for themselves
around the neighborhood, although some of
them are from as many different sources as
is the first class itself.
The third class is made up of those who are
the employers of other servicemen, either as
executives of their own service or sales-service
organizations or as heads of service departments. This third class, which is largely responsible for the beginnings of general organization inthe service field, has grown up from

No-charge calls help to increase
business.

both of the other classifications. The author,
who has done various kinds of radio work
since 1912, including amateur, commercial,
and Navy operating, has been successively in
each of the three classifications of servicemen
since kdka started broadcasting.
Every serviceman is a potential employer
or director of other servicemen. Most emWhile the radio serviceman is eager
for every scrap of technical information
he can get to help him in his daily
problems, technical information, unfortunately, isnot all he needs. There
are business problems to be faced and
woe unto him who neglects them, for,
even if he be technically beyond reproach, ihis
f business methods are not
sound anyone can forecast the result.
Mr. Dunham, the writer of this article,
is head of the QRV Radio Service in
New York and writes from long experience. His article will be interesting
to every man doing service
— The work
Editor.

ployers and directors have been servicemen.
Those few who have not are indeed unfortunate. The problems of the man who is an
employee are also those of the other two
classes. The man who is working alone has a
great many problems and responsibilities
which his brother, who is an employee, does
not have to share, but his problems are shared
by the third and smallest class, the employers,
who, besides all the troubles of all other servicemen, have thrust upon them enough additional problems to keep them awake nights.
In this article we shall treat of those problems
which are confined chiefly to the lone serviceman and the employer, but in which, we think,
every ambitious service employee is also interested.
Policies of Procedure
NO

SERVICE concern, whether it be composed of one man or of fifty men, can
operate at optimum efficiency unless definite
policies of procedure in all its activities have
been clearly formulated and are rigorously
followed. Changes of policy are, of course,
necessary in any business with changing conditions, but when new policies are formed they
must be carefully formed and steadfastly
followed.
The first outstanding question of policy
which must be answered definitely is: Shall
we perform service only for the individual
radio owner; shall we do only contract work —
service for department stores and other radio
dealers who do not desire to maintain their
own service force; or shall we take all the
work we can get of both individual and contract work? The advantages of dealing with
• february, 1929 . . . page 237 •

the individual, over those of dealing with the
store, are manifold. The average individual
is more concerned about how efficient the
service is than he is about how much it costs.
He does not want to pay more than he has
to but he is willing to expend whatever may be
necessary in order to have his radio properly
taken care of. The average store, on the other
hand, while having a strong desire to satisfy
its customers, wants primarily the cheapest
service it can get. While they also want good
service, they will not pay a reasonable price
for good service. It is a strange, but nevertheless an actual fact, that it is seemingly impos ible toconvince the average merchandising man in a department store or the average
radio dealer how much more economical it is
and how much more it means in customer satisfaction to pay a labor charge of $2.50, for
example, to have the troubles in a particular
radio completely cured by a thoroughly
competent serviceman in one call than it is to
pay $1.00 per call for the three or four calls
which are so often necessary when the work is
being handled by incompetent poorly trained
servicemen. In that respect, then, the advantage in favor of the individual is that he
may be charged for labor at a rate which
permits good service and a decent profit, both
of which are impossible in contract work.
Another Difference
r 1 1HE next important difference is that batJ- teries, tubes, replacement parts, accessories, and other apparatus may be sold to the
individual whereas none of those sources of
income may be sold to the store, which is an
obvious advantage in favor of the individual
trade. The gross income which is normally
obtained from dealing directly with the individual, as an average per call, is actually
from two to four times greater than that which
is obtained from contract work. While the
overhead and the investment must be greater
for individual work when computed per call.
they are actually less when computed per
dollar of gross income. In other words, if with
a total investment of $1000.00 a serviceman
could do a maximum annual contract business
of $3000.00, then with the same investment
he could do at least $5000.00 worth of individual business and at the same time keep
his percentage of overhead expense approximately the same. The real advantage is that.

Every service
be wellorganization
equipped. should

RADIO BROADCAST
while in the first case a net profit of 5 per cent,
on $3000.00 represents an actual gain of 15
per cent, on the investment of $1000.00, the
same percentage of gain on a $5000.00 gross
means a gain of 25 per cent, on the investment.
Another important difference between
these two classes of service work is the difference of stability. If a serviceman is relying
upon one store or even half a dozen stores for
all or most of his income, and the one store, or
two or three of the half dozen stores, should
suddenly decide to farm out their service work
to a competitor, who offered to do the same
work cheaper, the business of the man who
had been doing that work would be totally,
or at the very least, badly crippled. On the
other hand, if the serviceman is depending
upon a comparatively large number of individuals, the loss of a few of them, while
unfortunate, cannot ruin his business, a
point which is extremely important and cannot be emphasized too strongly.
The only important advantage contract
work has over individual work is that it may
be built up with much greater rapidity. The
acquisition by a serviceman of one radio store
may
give him that
store'sit work
500 individuals,
whereas
may for
takeperhaps
him a
year or more to build up a steady individual
clientele of that number.
Sales vs. Service

THE next problem is that of how much
relative emphasis to place upon service
and upon sales. Shall we devote all of our
energy to increasing the efficiency of our service, making only such sales as are necessary
adjuncts to proper, complete service; shall we
divide our energy equally between service and
sales; or shall we devote the major portion of
our energy to making sales, using service
only as a gateway for sales and as a method
of keeping in touch with the customers to
whom we have made sales?
It seems to be a popular belief among servicemen that a greater percentage of profit
may be had from selling tubes, batteries and
apparatus, including parts, accessories, and
complete sets, than may be had from the sale
of service itself. That this belief, while popular,
is a misconception, has been amply proven
by the records of the organization of which the
author is a member. The greatest gross profit
which the average service concern can make
from sales of whatever radio supplies may be
sold, as an average of all of them over a period
of a year, is about 35 per cent, and we believe
that only a very small proportion of the service concerns in this country even closely
approach that as an actual figure, if their
accounting is properly done. An average gross
profit of 40 per cent, on labor, however, is a
practical possibility for the average service
concern, and because that percentage of profit
is not limited by fixed dealer discounts, 40
per cent, can be, and is, exceeded in actual
practice. Other things being equal, there is,
then, a decided advantage in keeping the income from service as large a proportion of the
total income as possible.
It would be an ideal condition if one could
do only service work and eliminate selling,
but that condition cannot be attained. Even
with no sales effort, the sales of those things
which necessarily go with service will be large.
In the author's organization, to give a concrete example, despite the facts that receiving
sets are not sold at all and that no emphasis
is placed or energy expended in attempting

to sell parts or accessories, the actual gross
sales to individual customers of tubes, batteries, replacement parts, accessories such as
trickle chargers and relays, with an occasional
good loud speaker, total more than the gross
sales of service alone to those customers. So
that every service concern, regardless of size,
is a sales concern to a very considerable extent, whether or not they desire to be, which
leads us to the germane observation that a
service concern can devote its entire effort

Service organisations may be
located on the second floor in
low-rent districts.
to the improvement of the efficiency of its
service and still derive a very large proportion of its income from sales.
Large and Small Cities
WE

BELIEVE that, in all of the larger
cities of the country, the serviceman can
obtain a larger number of steady customers
within a given area, and build up a more permanent, profitable business by developing the
most efficient service possible and letting the
sales take care of themselves, than he can by
dividing his energy between service and sales
effort. One great advantage of this policy in
large cities is that, with sales effort in the
background, a location on a prominent street
or even a ground floor location on any
street, with its attendant high rent, is not
at all necessary, thus permitting a much
lower overhead expense than would otherwise
be the case.
In smaller cities and towns, where the possible number of individual customers is not
so great, the amount of income which must
be derived per year from each customer is
necessarily greater in order that a sufficient
total income may be had. We believe that
condition exists in fewer places than is the
general belief among servicemen, but if it
actually is the case, then it becomes necessary
to devote more energy to sales, even to the
extent of selling complete sets in order to avoid
losing customers who would otherwise purchase them elsewhere and then have the service performed by the dealer from whom the
set was bought.

The serviceman should be courteous first, last, and always.
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No-Charge Calls

ONE other major problem which we shall i
discuss briefly is the question of just
how far we shall go to satisfy our customers. !
Shall we keep our percentage of no-charge
calls down to the absolute minimum by making only those which are necessary in order
to collect money due us on a previous call; ;
shall we make without question as many free
calls as each customer would like without
making any attempt to limit the percentage
of such calls ; or shall we adopt a middle course
somewhere between those two extremes? The
basic consideration is the well-known fact
that a thoroughly satisfied customer means —
in the vast majority of cases — not only a
permanent customer but also the best possible
advertising medium which exists. All organizations that have achieved a large and : :
permanent success, no matter what they are
selling, have done so because, first of all, they
have satisfied each individual customer better
than most of their competitors in the same
field. Many highly successful concerns, especial y inthe retail field, have gone so far as
to adopt the policy that "the customer is
always right." That policy can be applied
very advantageously in our own field of
radio service, and we believe it needs to be ,
applied more generally than it has been. It is
fairly obvious that if, by making a no-charge
call in order to satisfy a customer, we succeed
in keeping him as a regular customer where he
otherwise would go to some one of our competitors, we have then made an entirely justifiable sales expenditure, for by that free call
we have secured future profitable business,
from the customer himself and also from those
friends of his to whom he will mention his
satisfaction.
On the other hand, we cannot afford to give(
such a large percentage of free calls that our,
profit on chargeable calls will be eaten up by
them. If, however, we find that we are giving
too many free calls, the remedy for that
condition is not to limit the number of free
calls we will make, but to make our service so
efficient and so pleasing to our customers that
we will not need to make many free calls in
order to give satisfactory service. The
efficiency of the serviceman in the field, providing he is properly equipped, can be, and
should be, kept over 95 per cent. In other
words, the no-charge calls necessitated by the
failure of a serviceman to cure properly the
troubles in a radio, or by his failure to take
with him the type and number of tubes and
batteries or other supplies he may require
need not exceed 5 per cent, of the total number
of calls made. The percentage of no-charge
calls
of that during
naturethemade
the author's
organization
twelvebymonths
ending
November 30th, 1928, was under 3 per cent.
The exact figure was 2.68 per cent.
The percentage of no-charge calls made for
other reasons, as a matter of policy to keep
the good will of customers, automatically will
remain low so long as the service efficiency is
high and customers are handled fairly, courteously and with a real desire to serve them to
the utmost of our ability. The total percentage
of no-charge calls made, from all causes,
should not exceed 15 per cent, and can be
kept, as a matter of actual record in practice,
under 10 per cent. Every service concern,
even if it consists of only one man, should
keep an accurate classified record of the nocharge calls made, to be tabulated monthly
and analyzed along the lines which are suggested in this article.
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MANY people, engineers
Regarding Paver, mcluded ^ mdiscrim_
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Efficiency and
of power, energy,
inately
Energy
and efficiency.
These words are technical terms and do not
mean the same thing. Energy is the ability to
work — whether that energy is being used or
not. There are two kinds of energy, kinetic
energy — the energy due to motion — and potential energy — the energy due to position.
A bullet traveling at a high rate of speed hits
a target. The target is heated and damaged.
When the bullet hits, it gives up its kinetic
energy. A ball on top a flag pole has potential
energy, because if it falls it can do a lot of
work — or damage, depending upon the way
you look ar it.
Power is the rate of doing work. It requires
the same amount of energy or work to raise a
ton of coal one foot into the air whether it is
done all at once by means of a steam shovel, or
whether it is scooped into one's furnace a
pound at a time. The difference is in the time
required. The steam shovel is more powerful.
Efficiency is the ratio between the useful work
accomplished and the total amount of work expended ingetting a task done. An efficient man
is not the one who gets the most work done,
but the man who gets done whatever he is at
with the least expenditure of effort.
As this is written a release is received from
the General Electric Company which refers to
a "powerful" optical system. What can a
"powerful" optical system be? Is it one that
consumes considerable power? Or does it have
a high "resolving power"? This is but one
example of the loose way in which one of these
terms is used.
Let us consider a tube, such as a 171, feeding
power into a load, a resistance, for example.
The power in the plate circuit of that tube is
used up in two ways, part of it on the plate
of the tube, and part of it in the load. The
sum of these two powers represents the total
amount of power in the plate circuit.
Now, the conditions for maximum power
output from the tube, and for maximum
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efficiency are not the same. That is, if we vary
the load resistance, R, a value will be reached,
which is numerically equal to Rp, the plate
resistance of the tube, when the maximum
power output will be delivered to the load.
But the efficiency at this point will be only 50
per cent.; that is, as much a.c. power goes up
in heat on the plate of the tube as appears in
useful power in the load. If the load resistance
The following are among the subjects
discussed in " Strays" this month:
1. Power, Efficiency and Energy
2. Power of Station Harmonics
3. New Pamphlets Available.
4. Importance of Tube Voltages
5. Impedance of Loud Speakers
6. A Test for 222-type Tubes
7. Duration of Engineering Jobs
8. How Useful is a Tube?
9. Accuracy of Variable Condensers
10. New Power Rectifying Tube
is increased the power output goes down, the
efficiency comes up. The curves in Figs. 1 and
2 illustrate this point. A 171 tube is assumed
to be working into various load resistances and
the power output and efficiency are plotted
against this value of resistance.
Let us suppose we have a dynamo rated at
10 kilowatts. At maximum power output, half
of this power, 5 kw. must be expended in the
resistance of the generator winding — and as
C. T. Burke would say, it is time to call out
the fire department. To secure maximum
power output it is necessary that the resistance of the apparatus to which the generator
is attached shall have the same resistance as
the generator.
MANY fans who tune-in to
short-wave broadcasting
have listened to some more
or less bad music which
later is identified as a harmonic radiation
from one of the broadcast-frequency-band
transmiters. An operator in the laboratory of
Citizen s Radio Call Rook (Chicago) recently
picked up the sixth harmonic of station
wham (Rochester N. Y.) on a SilverMarshall short-wave receiver. In this connection the following statement regarding the
experimental transmitter at Whippany, N. J.,
3xn, published in the Rell Laboratories Record.
August, 1928, may be interesting:
"The transmitter has a power input into
the antenna system of 50 kilowatts for the
carrier wave alone, and the instantaneous
peak power during the broadcasting of a
program may reach 200 kilowatts. That is
enough power to meet the lighting requirements of a village of over one hundred houses,
and yet with all that power in the carrier wave,
• february, 1929 . . . page 239 •

Power of
Station
Harmonics

the amount of second harmonic allowed to
escape would not light the tiniest incandescent
lamp made. To be exact, it is less than .005
watt and represents about one-ten-inillionth
of the power of the carrier wave."
THE following pamphlets
Three New
and publications have been
Pamphlets
received and will be found
Available
of interest to every experimenter and radio engineer.
1. Design of Tuned Reed Course Indicators
for Aircraft Radiobeacon, by F. W. Dunmore,
Research Paper No. 28, Bureau of Standards,
price
5 cents. for the Derivation and Expansion
2. Methods
of Formulas for the Mutual Inductance of
Coaxial Circles and for the Inductance of
Single-layer Solenoids, by Frederick W.
Grover, Bureau of Standards, Research Paper
No. 16, price 10 cents.
3. Radio Acoustic Position Finding, special
publication of the Department of Commerce
No. 146, price 20 cents.
All of the above papers may be obtained
from the Superintendent of Documents,
Government Printing Office, Washington,
D. C.
Another interesting publication is the
October, 1928, Congressional Digest which contains considerable material on the problems
of radio reallocation. It includes articles by the
Radio Commissioners whose names are seen
frequently in print, a glossary of radio terms,
and the new schedule of broadcasting stations,
their powers, frequencies, locations, etc. It
costs 50 cents.
WE have spoken several
Rated Voltages
times of the futility of runShould Be Apning tubes at values of
plied to Tubes
plate voltage or C bias not
recommended by the manufacturer. It is true
that initial performance obtained from a

4000 8000 12,000
LOAD RESISTANCE, OHMS
Fig. 2 — Undistorted output of 171type tube versus load resistance.
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How Long Will the Engineers' Job Last?
Cello & Human Voice
RADIO engineers
often wonder how
Bassoon
long it will be before
their jobs are jobs
of the past, with the
progress now being
made toward perfection. As an example let
us look at the curves
in Fig. 5 which are
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512 1024
taken from The WireVIBRATIONS
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less Magazine (England) of July 1928.
Frequency characteristics of old- and
They show the prognew-type phonographs.
ress that has been
made in the Columbia
Fig. 5(English) phonograph records and reproducers
this year's manufactured receivers use tubes of
since 1920. What will the engineers do next? this type. Is it possible that receiver manufacturers are waiting until the kit people have
There is no object in extending the frequency
developed circuits to the point where set
scale? Will they invent some new frequencies?
Our suggestion is to drag out into the open manufacturers can use them without any development cost?
Accuracy of
THE Hammarlund ManuMANY readers have inImpedance of
Variable
facturing Company states
quired about the impedance
Standard Loud
that individual units of a
Condensers
of
loud
speakers.
On
this
Speakers
Hammarlund three-gang
page is a curve made on the
condenser are accurate to within one quarter
W.E. 540-AW loud speaker made by Frank
of one per cent. It is interesting to see what
C. Jones, of California, who has written
difference a discrepancy of this amount from
several articles for Radio Broadcast. It
shows that this loud speaker, long the standard
the rated capacity will make in a tuned circuit. Suppose one condenser of the three is
laboratory loud speaker, has an impedance of
one quarter of one per cent, higher in capacity
4000 ohms at 100 cycles, 13,050 ohms at
than the other two. By now many cycles at
1000 cycles, etc. Here, too, is the impedance
1500 kc. will the circuit which this condencurve on the R.C.A. 104-A loud speaker — ■
ser tunes be out of resonance?
100
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a moving-coil loud speaker.
The capacity of the condenser compared
FREQUENCY IN CYCLES
with the others is C x 1.0025 and the frequency
A READER asks how to
Fig. 4 — Impedance curve of W.E.
to
which this circuit tunes, compared with the
A Test for
540-AW loud speaker
check his cx-322 tubes.
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resonant frequency of the other circuits will
The Cunningham engineerr.f. Tubes
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ing department states that those machines which will play for an hour
kc,
the circuit will actually tune to 1500 —
or so without the bother of shifting records.
a good emission test is to tie the grid, screen
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grid, and plate together and to apply 50 volts
than commercial coils can be made — and so
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Hammarlund Manufacturing Company
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that
few
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104A loud speaker
Fig. 3sion on this point? — Keith Henney.
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screen-grid tube by putting 180 volts on the
plate and 1.0 volt C bias on its control grid
may be somewhat startling and beyond the
expectations of the hopeful user, but it is
true, too, that he should have no come-back
on the manufacturer when his tube fails prematurely.
Servicemen will do a favor for both the tube
manufacturer and the user of tubes if they
will insist on proper voltage values. A tube
that gives fine initial performance and then
fails long before its expected 1000 hours are
obtained cannot but make the user skeptical
of other products of the same tube manufacturer.
Within the last year we have had two manuscripts in the office in which the writers advised the use of values of plate voltage and C
bias on screen-grid tubes that would limit
their life to several months instead of a year
or more. In one case the values of voltage
were so excessive that the filament actually
changed its brilliancy when the plate voltage
was turned on.
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By KENDALL
CLOUGH
Engineering Dept., Silver-Marshall, Inc.

THE common concept of the advantage
of push-pull amplification seems to be
the possibility of providing an undistorted output greater than that which would
be available from a single tube in the power
stage. As a matter of fact, the available output
from the push-pull stage is somewhat greater
than is available from the same two tubes
used in simple parallel relationship. The
manner in which the signal impressed on the
grid circuit of the push-pull arrangement is
amplified in the plate circuit, while the harmonics generated (distortion) within the pushpull circuit cancel out in the plate circuit, has
been so well discussed in texts on vacuum
tubes (Thermonic Vacuum Tubes by Van der
Bijl, page 261) that it would be superfluous
to go over the matter here.
The writer has completed recently several
designs of push-pull amplifiers using tuned
transformers and it is felt that some expression
of the performance of the combination of
these two principles will be of interest to the
readers of these columns.

characteristic. A further result is the economy
of window area for the copper in the iron core.
This results in either more liberal size of copper wire in a given lamination or a greater
reduction in the overall size of the device
than would result with the use of two separate
windings.

Analysis of Circuit
TURNING to Fig. 3 we have two power
tubes connected in push-pull to a divided
choke coil. This coil may be the primary of
either a transformer or an auto-transformer.
In the use of the latter, however, resides several advantages of the push-pull system from
a design standpoint. It is apparent that, when
two well-matched tubes are used (passing the
same plate current), the ends of the winding
A and A1, are at substantially the same d.c.
potential. For this reason the speaker can be
connected across these points without any
danger of damaging current flowing through
the speaker winding. This ehminates the expense of the blocking condenser which is ordinarily used with plate chokes. In the same
way the two points, B and B1, are at the same
potential when placed equally distant from
the center and may be used for speaker connection when a step-down ratio is desired for
operation of low-impedance speakers. In addition, the simultaneous use of all or a portion
of the winding as both primary and secondary
results in a closer magnetic coupling between
the tube and speaker circuits, with consequent
improvement in efficiency and frequency

In considering the more intimate details
of the design, theory indicates that the inductance of the choke should be large compared
with the impedance of the tubes out of which
it operates. Of the four tubes available for
power use, the 112, 210, 171 and 250, the
first two are of about 5000 ohms impedance
and the latter two of 2000 ohms. The 112-type
tube has never enjoyed much favor because
of its limited output, while the 210 is not as
commonly used at present, probably because
it requires as high a plate voltage for its operation as the larger and more capable 250-type
tube. For these reasons only the 171 and the
250 will be considered. Fortunately, these are
the two low-impedance tubes of the group
which simplifies the problem of attaining a
sufficiently high impedance for good operation
at the low frequencies. Calculation and measurements indicated that a total inductance of
32 henries would be sufficient with a 4000-ohm
output circuit (the plate impedances of the
two tubes are in series) to give very good response at the low frequencies with several
speakers that were at hand.
Another advantage inherent in the pushpull circuit made this value of inductance

We are grateful to Kendall Clough
for explaining, in an engineering
manner, the advantages of using more
than one stage of push-pull in audio
amplifiers. Several engineers have advocated such an unorthodox amplifier,
but few seemed to have any good reason
for it. In this article Mr. Clough states
that there are distinct advantages and
explains what they are. The amplifier
he sent to prove his contentions made
the entire Laboratory Staff discontented with their own personal equipment— which was not— double
push-pull!
The Editor.

rather simple of attainment. In the ordinary
single choke or transformer the iron is subjected to a continuous magnetizing force due
to the direct current flowing through the winding to the plate. In order to prevent this force
from magnetizing the core to or near the point
of saturation, it is necessary to place a good
size air gap in the magnetic circuit. This, in
turn, increases the reluctance of the magnetic
circuit making it necessary to use a much
larger core (in order to secure the necessary inductance) than would be necessary if this
magnetizing force did not exist. Even when
the adequate inductance is attained in this
manner, the core is subjected to a considerable
magnetizing force, causing the signal to operate on an asymetrical magnetization curve
which is as distinctly undesirable in an output
transformer as in an interstage device. This
type of distortion was pointed out in the
author's previous article (July, 1928, Radio
Broadcast) on the subject of audio amplifiers.
Advantage of Circuit
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IT WILL be seen in Fig. 3 that, although the
two halves of the choke are wound in the
same direction, the plate currents flow in
opposite directions to the plates; hence the
magnetizing forces in the core, due to the two
halves of the winding, cancel, and the resulting
force in zero. [It will be noted that the author
has indicated the direction of current as passing from plate to filament, thereby conforming
to the convention that currents always travel
from the point of positive potential to the
point of negative potential. The actual
electronic flow is of course in the opposite direction. Editor.] It should not be infer ed, as many designers seem to have done,
that this permits dispensing with the air gap
altogether, although it does permit a smaller
air gap, resulting in more economical use of
the iron in securing the requisite inductance.
A small air gap must be included in order
that the original value of inductance, measured at small values of audio-frequency
current, may be maintained at high signal
levels.
Before proceeding with the design features of the input transformer that is to
supply the two voltages, Cg, these voltages
SM-227 UX171-A SM-248

Fig. 2

were supplied from an oscillator as shown in
Fig. 4, and the performance of the tube and
output transformer circuit were examined for
undistorted output at 500 cycles. The input
voltage to the stage, as determined by the
reading of the meter, Mi, and the equal resistors, Ri, was increased in small steps and the
output power at each step computed as the
product of the 8000-ohm resistor, R2, and the
square of the current through it. In this way
the output in watts per volt input squared
could be computed, and plotted as shown in
Fig. 5. This curve was taken with two uxITIa
tubes operating with 180 volts on the plates,
and the choke of Fig. 4. It will be noted that
the output available before the gain falls appreciably isabout two watts. The manufacturer's tables give an output of 0.7 watt for
this tube which would permit of 1.4 watts
output with the two tubes operated in simple
parallel arrangement. The difference, 0.6
watt, in output is due to the push-pull arrangement. As a matter of fact, the ear does
not notice the distortion until the output per
volt squared has dropped about 2 db, allowing the operation of this stage to 2.8 watts
output. This output is sufficient to operate a
dynamic loud speaker with sufficient undistorted volume for the home and for small halls
and has the advantage over a 250 tube of
employing low voltages that are available
easily at low cost. Where larger outputs are
required the 250 tubes will and can be used
with the same choke.
The performance of this single stage with
250-type tubes was measured in the same way
as the previous combination of 171's and the
results are plotted in the curve of Fig. 6-a.
It will be seen that this arrangement is suitable for operation where about 12 watts are
required for coverage of considerable area.
The impossibility of its operation for home
use at full volume is indicated in the fact that
none of the smaller dynamics on the market

will stand this output without rattling badly
on the high frequencies.
Attention is called to the fact that both of
the curves discussed were made with an 8000ohm resistor in the output circuit. It has been
shown many times that maximum undistorted
volume (not maximum volume) is realized
from a tube circuit when it is operating into
a resistance of double its own plate resistance.
The condition for maximum volume, neglecting distortion, is satisfied when the output
resistance
equal tothethelatter
tube's
resistance.
In order to isillustrate
condition,
the
curve of Fig. 6-b was prepared using a 4000ohm resistor in the output circuit. It will be
seen that while the gain is somewhat greater
than in curve a, the bend indicating distortion
occurs at a much lower level. This illustrates
a common malady in power amplifiers. In
order to secure high volume the temptation is
to operate the tubes into a low-impedance
output circuit when properly the amplification should be increased in the preceding
stages. As seen in the curves of Fig. 6, the
volume is increased by this means, but the
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the second for speakers of 4000 ohms or less,
while the third tap is useful where several
speakers are to be operated in parallel. Where
the impedance of the speaker is not known,
the best connection can be determined by trial
by connecting a milliammeter in the plate
supply lead and operating with that ratio
which allows the greatest volume with a
minimum of variation in the plate current.
A Further Advantage
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undistorted output available is actually reduced.
In view of the fact that many loud speakers
do not have sufficiently high impedances to
permit operation under conditions similar to
those of Curve a if the loud speakers are connected to the plate terminals of the power
tubes (terminals A and A1, Fig. 3), two other
sets of taps have been directly provided on the
choke for the loud speaker connection. These
provide two available step-down ratios the
use of which permit a low-impedance speaker
to present the proper impedance to the tubes
for attainment of the greatest possible undistorted power. The actual ratios available
are 1:1 , 1:0.73, and 1:0.48. The first of these
will be used when the low-frequency impedance of the speaker is 8000 ohms or greater;
• february, 1929 . . . page 242 •

A pull
FURTHER
of the
pushcircuit wasadvantage
noted during
this work.
This was the possibility of obtaining the plate
voltage from the output of the rectifier tubes
as shown in Fig. 12 without the use of a filter
other than the 4-6-mfd. condenser from the
center of the choke to ground. This is of particular advantage in the operation of 250type tubes for the size of the smoothing chokes
is reduced to that necessary for handling the
small currents of the preceding stages. In
addition, the voltage divider can be inserted
at the input, the filter as shown allowing the
safe use of lower voltage condensers for the
remainder of the filter, which is a distinct
economy. It was found that with this arrangement the best of dynamic speakers with large
baffle could be operated without objectionable
hum from the power supply. In the same way
the hum from thefilament circuit was observed
to be negligible. Changing the plate supply
to batteries, temporarily, it was found that
there was no increase in hum when the lead
to the center tap of the filament resistor was

250

SM -248

It
r
Low Voitage Capacities
returned to one side of the filament terminal.
Every appearance was that this was a rather
ideal power stage, and attention was turned
to interstage transformers for its operation.
Two interstage devices were designed. The
smaller of the two has an effective ratio of
1.8 when operating out of a 226-type tube.
Characteristics on this unit are shown in Fig.
7, and the circuit used to make the measurements isgiven in Fig. 1. When this curve was
taken a C battery was used for grid bias rather
than the resistor B.i of Fig. 1. When the resistor was used, as is the ordinary practice,
an inferior character si tic was obtained as
shown in the curves of Fig. 8. The lower
curve, a, shows the characteristic obtained
when no bypass was used across the biasing
resistor. Curve b indicates the operation with
the usual bypass of 2 mfd. Not until this was
increased to 10 mfd. did the operation approach the original curve of Fig. 6. The inferior performance without a large bypass is
due to the signal current in the plate circuit
setting up a voltage drop across the resistor,
Ri, which is in opposite phase to the input
voltage thus reducing the amplification.
Curve b Fig. 8 indicates that a 2-mfd. capacity
has a sufficiently low reactance to prevent this
at the higher frequencies, while the low frequency amplification is still impaired.
The larger device has a ratio of 3.6 and its
characteristic is shown in the curve of Fig. 9.
It will be noted that a very definite highfrequency cut-off has been introduced due
to the higher ratio and larger physical size of
the windings. This is not at all undesirable,
particularly for operation with phonograph
records where a scratch filter is ordinarily inserted toaccomplish the same thing. It should
be noted that all of these curves were taken
with the output circuit and the power tubes
as in the circuit shown in Fig. 1.

arrangement of the output does not
correct any distortion appearing
in the prior stages, and it was
deemed advisable to measure the
characteristics of a push-pull stage
preceding the power stage. The transformers for this purpose were made
with the same windings as the previous two mentioned, but with
another tap placed on equal number
of turns from the center. See Fig. 2.
These devices were measured in the
circuit of Fig. 2 and the performance is shown in Fig. 10. The improved amplification
on the low frequencies is due. to the
larger ratio of primary inductance to
tube impedance. In
changing from single
to push-pull operation, the effective resistance of the plate
cir cuit has been
doubled (two tubes in
series) , while the total
primary consists of
twice as many turns
and hence four times
the inductance. (The
inductance is substantially proportional to the
square of the number of turns.)
As a definite advantage of the operation of
this circuit, it is interesting to note that when
the bias resistor, R2 Fig. 2, was shunted by a
10-mfd. condenser, no measurable change in
the characteristic occurred at any frequency,
indicating that the degenerative effect of this
resistor in the single tube arrangement had
been completely eliminated by means of the
push-pull feature.
As an example of the effect of small bypasses across C-bias resistors, the curve of
Fig. 11 has been prepared. This curve was
taken on a three-stage amplifier having two
250-type tubes in the output circuit. The interstage transformers when measured individually with batteries had very good characteristics due to the use of nickel-alloy in the cores.

the
odd harmonics
writer'sto method
connection.
It will bybe the
obvious
those ac-of
quainted with the theory of push-pull amplification that these harmonics will be eliminated by the use of the circuit and that the
combination of the two effects will practically
assure freedom from wave form distortion.
SM-248
250
SM-227-

Elimination of Harmonics
A/I"
the push-pull
- »-*-OST
have advocates
dwelt at of
length
upon the amplifier
ehmination of harmonics in the output stage and
allowed distortion of that character in previous stages to go unmentioned. The push-pull

It will be noted in the curve, however, that
due to the degenerative effect of inadequately
bypassed C-bias resistors, the bass frequencies
are almost entirely suppressed. In such cases
as this it would be true economy to add two
tubes to make the outfit push-pull all the way
through and eliminate the bypasses entirely.
At the conclusion of the experiments on
push-pull amplification, a complete phonograph amplifier was built up with the small
transformers described in the above. The circuit of this amplifier is shown in the diagram of
Fig. 13. It would be quite safe to say that the
operation of a good dynamic loud speaker or
an amplifier of this gain would be next to
hopeless with single-circuit amplification due
to the difficulty in eliminating the hum from
the filament and plate circuits to a sufficient
extent to insure a pleasant effect on the listener. Itwas found in the construction of this
amplifier that, when the power supply was
put in a separate sheet steel case from that
which housed the amplifier, to prevent induction from the power supply to the transformers, the hum due to the filament circuit could
be balanced out with the greatest ease and
that the hum under the best conditions was
so weak that it could not be heard more than
two feet from a large baffle on which a dynamic
loud speaker was mounted. The true significance of this statement will be appreciated
by noting on the curves the high amplification
produced at hum frequencies.
In the writer's previous article on tuned
audio amplification, it was stated that the
employment of the circuit advocated by him
for interstage transformers eliminated the
generation of even harmonics due to the
asymmetrical magnetization characteristic of
the iron when employed in circuits which
allow the plate current of the tube to flow in
the primary of the transformer. Obviously,
no claim could be made for the elimination of
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THE construction and general theory
of operation of photo-electric cells has
been discussed in a previous article
(November, 1928, Radio Broadcast). The
fundamental importance of the device makes
it advisable to consider its properties further,
however, and in more quantitative terms
than formerly.
Dr. Herbert E. Ives in his paper "The
Alkali Metal Photo-electric Cell," Bell
System Technical Journal, April, 1926, gives
curves showing the behavior of cells used in
picture transmission. The characteristics
here reproduced as Fig. 1 show the voltagecurrent relationship for vacuum cells with a
small centrally placed anode within a concentric spherical cathode. That is, the positively charged plate or collecting member is
placed within, and about at the center, of a
considerably larger sphere, the inside of which
is coated with the emitting material, and the
cell contains no gas. The anode receiving a
positive charge with respect to the cathode,
the current for a given illumination increases
with the voltage between the electrodes, at
first rapidly, then more slowly, until a saturation point is reached. The shape of the curve
depends somewhat on the wavelength of the
light falling on the cell ; at longer wavelengths
the electrons given off by the cathode move
more slowly and are collected more quickly
by the anode. Now if a small quantity of gas
is introduced into the cell, the curve changes
remarkably, to the shape shown in Fig. 2.
The wavelength of the incident light still
plays a part, but now instead of saturating,
so that increasing the voltage beyond a certain point no longer effects an increase in the
space current, the cell has a critical potential
at which the gas breaks down. With the addition of the gas (very little is introduced — a
fraction of a millimeter of mercury being the
pressure) the cell becomes more sensitive, and
also somewhat more liable to variations in
production and damage in use. The electrons
liberated by the cathode collide with mole-
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cules of gas, producing ionization phenomena
which increase the current. In both vacuumand gas-type cells, if the voltage is held constant and the illumination is changed, a linear
relationship between illumination and current
This is the second of a series of articles dealing with sound motion pictures.
Radio Broadcast was first and alone
in its field to provide intelligent and
authoritative articles on the engineering
aspects of broadcasting and we are
happy to be first now with authoritative
articles on sound movies. The latter
field is so close to broadcast engineering
that it is proving of absorbing interest
to almost everyone in radio. Pages in
this magazine will regularly be devoted
to this subject
— The Editor.

is found, provided some structural precautions are taken. If the window of the cell,
through which the light enters, is made too
large, it is likely to become charged and to
cause a curved illmnination-current characteristic.
Fig. 3, also taken from Ives, shows the
current-voltage relationship in microamperes
and volts for a potassium cell used in picture
transmission, the illumination being 100 meter
candles from a tungsten lamp, with an aperture area in the cell of 1.5 sq. cm. The luminous flax reaching the cathode is given as
0.015 lumen. The meaning of these photometric terms may as well be explained before
the discussion is continued.
The Handbook of Chemistry and Physics,
compiled by C. D. Hodgman and N. A. Lange,
published by the Chemical Rubber Company
at Cleveland, and now in its thirteenth edition, isuseful in this connection. The principal
definitions required are given on pages 10041005. Since light is radiated in all directions,
we must first consider some solid geometry.
The surface of a sphere of radius r is given by
4xr2. The unit of solid angle, called the
steradian, is the angle which encloses a surface on a sphere equivalent to the square of
the radius, that is, the total area divided by
4x. The Mai luminous flux from a light
source is the total visible energy emitted in
unit time. The unit, called the lumen, is the
flux emitted in a unit solid angle as defined
above, from a point source of one candle intensity. Itfollows that the total emission of
one candle equals 4t lumens. Luminous
intensity or candle power is the property of a
source of emitting luminous flux; it is measured by the flux emitted per unit solid angle.
The unit is the international candle, which is
approximately the intensity of a standard
English sperm candle (there are more constant and precise standards). Illumination on
a surface is measured by the luminous flux
• february, 1929
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incident on a unit of that area. The common
units are the lux, one lumen per square meter,
and the lumen per square foot. At unit distance from a point source of unit intensity the
illumination is unity, hence such units of
illumination as the meter candle (lux) and
the foot candle (one lumen per square foot).
In slightly less technical language, we may
summarize the above by saying that a light
source emits luminous flux, measured in
lumens, that the intensity of the source in
candle power is measured by the flux or flow
in a unit solid angle, and that the illumination
is a matter of flux per unit area, and depends
on the intensity of the source and the distance
from it of the surface.
Applying these ideas to the cell cited by
Dr. Ives, we note that the illumination given
is 100 meter candles. This might come from
a source having an intensity of 100 candles
placed one meter from the cell. Such a source
evidently emits 400x lumens over a sphere
with a surface, at a distance of a meter, of
4x(l)2 square meters, or 4x square meters, or
40,000x square centimeters. We are also told
that the area of the window of the cell is 1.5
square centimeters. Hence
1.5 the flux in lumens
reaching the interior of the cell will equal
40000x
= 0.015 lumens
400x
This checks the figure given in the paper. If
the calculation is not clear, the reader is referred to Fig. 4, which is not taken from Dr.
Ives' paper, but has been added to clarify
the present discussion. If the units are consistent, the flux entering the cell may be obtained bymultiplying the iflumination by the
area of the window.
Current-voltages characteristics for another
type of photo-cell are shown in Fig. 5. For
convenience this cell, which is also of the gasfilled type, will be referred to as Cell No. 2.
The window in this case is larger (about 8
square centimeters as compared to 1.5 square
15 CM
dowof
'^x\(FluX= 0.015
*0 *<%\
lumens)
photo-cell

Light Candles)
Source
-dOO
\
Fig. 4
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centimeters for the cell shown by Ives) and
the pick-up of light flux is greater. Four anode
voltage-current characteristics are drawn in
Fig. 5; these cover the range from 0.05 lumen
|to 0.5 lumen.
If, now. we take this family of curves and,
!with a fixed anode voltage, such as the cell
would have in practice, find the currents cor: responding to various illuminations, we secure
j the rectilinear graph of Fig. 6, which shows
: that within this range the photo-cell current
l is directly proportional to the light falling on
! the cell. The voltage in this case is 70. The
slope of the line is a measure of the sensitivity
of the cell under the conditions then existing.
A steeper curve would show greater sensitivity. The cell under discussion, with a voltage
of 70 between the cathode and the anode, has
a sensitivity of about 10 microamperes per
lumen. The sensitivity of photo-cells is normally expressed in terms of microamperes per
lumen, the amount of light used in the measurement being of the order which the cell
will receive in use — a value of 0.1 lumen would
be about right for Cell No. 2.
As explained in the previous article on
photo-cell circuits, the cell may be coupled to
the associated vacuum-tube amplifier in any
of the usual ways, as through a resistance or
transformer. If a coupling resistance of 2
megohms is assumed, as in Fig. 7, an instructive calculation of the practical efficiency of
the cell, the ratio, that is, of the electrical
energy output to the light energy input, may
be carried out. Light is known to have a
mechanical equivalent, in the region of maximum visibility, of about 1.5 milliwatts per
lumen. The sensitivity of the cell described
above (No. 2) is about 10 microamperes per
lumen in the circuit of Fig. 7. Assuming an
input of 1 lumen, or 0.0015 watt, the electrical output energy is that corresponding to
10 microamperes through 2 megohms, which,
by the application of 12R, is found to be 0.0002
watt. The electrical fight efficiency of the cell
is then 0.0002 divided by 0.0015, or about
13 per cent. This demonstration, however,
may be more interesting than rigorous.
Testing This and That

IN THE as old days, when tubes did not oscillate readily as they do now when you
want them to the experimenter would frequently touch the grid terminal with his
finger to find out whether the circuit was
functioning or not. A dull thud in the phones
as the finger was applied to the grid and again
when it was removed indicated that oscillations were present. This is one of those simple
tests which make laboratory work and trouble
shooting less arduous, and it is still used in
work on receiving sets. Of course, it is not
applicable to transmitters, where the grid
bias is often dangerously high.
Somewhat later, in broadcast stations, the
operators would tap the microphones at the
beginning of a transmitting period and listen
to the noise in the monitoring speakers for a check on the air. Of course
speech input to the microphone gave
a better test along the fine to the
modulators, but one could not put it
out on the air without attracting attention whereas the taps would mean
nothing except to the insiders.
Now the finger method is used
for test purposes in still another application. In sound-movie systems it
is necessary to test the apparatus
before each performance, in addition

0.5 Lumen
Lumen

50
100
+ ANODE VOLTAGE
Fig. 5

well the security is even greater, but the volume should be kept down.
When there is more time and scientific
means are available, sound-movie machines
are tested with special discs or films supplying
tone at constant frequency and amplitude.
Some of these provide a number of frequencies
within the band which the system is expected
to transmit. The overall frequency characteristic, aswell as any periodic irregularities,
such as flutter in the tones, caused by the gear
system — a defect to which some film sound
reproducers are liable — may thus be checked.
The method corresponds to tone tests on a
broadcast wire channel or amplifier system,
except that the tone is supplied optically or
mechanically instead of with an oscillating
tube. But for everyday use nothing beats the
linger tests.

Photo-Cell Connections
to the usual meter checks, by some simple audio method which will only take a few seconds.
Where disc reproduction is used this is acr Radio
Novembe
complished by tapping the needle of the FIG.
33 of the
on of
connecti
showing
Broadca
3 onst,page
phonograph pick-up gently, with all the ama photo-cell to the first stage of an amplifiers on and the projection room speaker
plifier through a resistive coupling, is somegoing, but the house speakers, preferably, cut
what awkwardly drawn, and Fig. 8 in the
off. The tapping, amplified, is heard' in the present issue gives a more orthodox and comspeaker if everything is o.k. The proper loudplete picture. The circuit is the same, it will
ness with the normal gain setting is soon
as a standard resistance-coupled
noted,
be
learned. If the sound is taken off the film the . amplifier. The
polarizing voltage reaches the
finger method is equally useful, although the photo-cell anode through the resistance Bi,
application is somewhat modified. Before
across which the audio voltage is taken off.
film is put in the machine, but with the excit- Ci is a blocking condenser to confine the
ing lamp in the sound head and all the vacuum
transfer to this audio variation. R2 is a leak
tubes lighted, the finger is moved up and down
for the first three-element tube, with the Cthrough the beam of light where it enters the battery at its base. R2 is usually several times
photo-cell. As it shuts off the fight and lets it as large as Ri, which may be of the order of
through again characteristic clicks are heard 2 megohms.
in the speaker. The indication in that case
is that there is nothing radically wrong bePhilology in the Movies
tween the film and the speakers. Of course if
the test is made with the house speakers as
the
t off
sneer
abougot
GraecoT, who
DE sFORES
DR. famou
to
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Schenectady designations when the
terms "pliotron" and "kenotron" were first
UJ
offered to the world, should have something
UJ
to say about the present crop of names for
sound devices in the movies. Leaving out the
6is
past nomenclature, in which the mortality is
rather heavy as the promotors go back to
o 2
playing the horses, the following synthetics
were discovered in a cursory search of two
moving picture trade papers:
g4
Phototone, Orchestraphone, Orchestrola,
UJQ
Duotone, Electrograph, Duplex-o-phone,
Dramaphone, Cortellaphone, Bristolphone,
O
Sonoratone, Phonofilm, BCA Photophone,
Movietone, Vitaphone, Vocafilm, Synchraphone, Theatrephone, Moviephone, Tonefilm,
Biophone, Cinephone.
0.1 0.2 0.3 0.4 0.5
This leaves out the foreign legion as well as
INCIDENT LIGHT, LUMENS
0.6
a considerable number of American devices
Fig. 6 — This curve shows the lightwhich were not advertising in those issues. A
current characteristics of gas-filled
few are big, synchronized outfits, but most of
photo-electric cell No. 2. The diathem are theatre photographs intended for
grams below show methods of conuse in the smaller houses as an unsynchronized
necting aphoto-cell ivith an amaccompaniment to the pictures — simply a
twin turntable, switches, a volume
plifier
control, amplifier, and a cone loud
Amplifier input.
speaker
or two. calculation, in which
After extended
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IBertrand
consulted
the works
of Poincare',
Bussell,
Lobatchevski,
and
Weierstrass, I find that 1.363 x 1018
possible combinations of phone, tone,
and film with various other words in
the English language remain on tap,
so that no alarm need be felt by those
interested in the continuance of this
educational activity.
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T monitoring generally conBROADCAS
sists in putting some sort of loud
speaker in a control room and leaving
the rest in the hands of an ex- wireless operator
who has got tired of going to sea. This gives
sufficiently satisfactory results in some cases,
but as the programs get bigger and costlier,
corresponding to a similar progression in the
advertisers who pay for them, and as receiving sets improve and field strengths go up,
judgment of what leaves the station becomes
more critical. Some of the scientific aspects
of the problem are worth considering.
Two papers by Irving Wolff and Abraham
Ringel, primarily on the subject of loud speakers, should be read by the up-to-date broadcaster in this connection. These articles
(" Loud Speaker Testing Methods," Proceedings I. R. E., Vol. 15, No. 5, May, 1927, and
"Sound Measurements and Loud Speaker
Characteristics," Proceedings I.R.E., Vol. 16,
No. 12, Dec, 1928.)throw considerable light on
problems of soimd reproduction in general.
One possible defect in acoustic judgment,
which is not mentioned by these authors,
is that of anomalies in hearing. Naturally anyone who has anything to do with judging the
output of a broadcasting station should have
normal ears, with adequate response within
the usual frequency limits of human audition.
I mention this because I am told that at one
station the technical staff has an unhappy
time with a very elderly orchestra leader
whose ears have become insensitive to high
notes. He comes out into the control room and
Listens to the orchestra, with an assistant conducting, and insists on getting a better balance in the higher octaves. Nobody wants to
tell him that the trouble is in his own head,
and he remains an unsolved problem.
Monitoring should be done in a quiet room
with average acoustic properties. Noise from
motors or other sources is very objectionable.
It leads to auditory fatigue and carelessness,
and may mask defects in transmission. The
best plan is to put the gain control into a
small, acoustically treated room within sight
of the studio through a double glass window
and well isolated acoustically, with a good
loud speaker near the operator, and a musician
to advise him. The room should be free from
unusual resonances and the period of reverberation should be low. Wolff and Ringel point
out this pertinent fact: "A person who has
been in a room, which is not average, for a
rather long time, becomes accustomed to it.
and is no longer struck by its acoustic peculiarities." Amonitoring chamber about 12 by 9
by 8 feet, with a hard floor, but the walls and
ceiling lined with material absorbing about
25 per cent, at 512 cycles and free from extraordinary absorption at any frequency, is a
good compromise. Such a room will have a
period of 0.4 second and will not show the
striking resonance effects of small rooms
finished in hard plaster and not treated for
acoustic improvement.
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SELECTION OF LOUD SPEAKER
The differences between loud speakers are
such that the selection of one for a monitoring room is a moot problem. The old
horn types, with their single high-resonance
peaks and a rapid fall to nothing on either side,
may be left out of consideration. One solution
is to use a moving-iron loud speaker and a
moving-coil type, or several moving-coil
speakers in different sized baffles, and to set
up the orchestra and the performers on a
basis of compromise between them. A more
practical procedure is to select one speaker
which is fairly typical for the period and to
judge on the basis of its output. It should be a
good loud speaker in the interest of the progress of the art generally, and because it is
hopeless to try to adapt transmission to the
defects of all kinds of receivers in the homes of
listeners. Ringel and Wolff found, in this connection, that "the loud speaker which has the
best looking characteristic (most free from
peaks) will, in spite of the defects of existing
broadcasting transmitters and receivers,
generally
sound best favor
when it,tried
radio."
Where conditions
radioonmonitoring
as a supplement to audio is desirable. W hen a
relatively noise-free signal is available from
the air a good radio receiver to which the loud
speaker can be switched from the audio amplifier output of the station should be provided. Ifthere were enough diff erence it would
be worth while to simulate radio transmission
during rehearsals by modulating a baby transmitter with the same characteristics as the
radio plant of the station.
On important programs the preparation of
a cue sheet is worth while. This may include
the gain settings for various portions of the
program, as determined during rehearsals.
ANOTHER SYSTEM
It is quite possible that more elaborate
methods of broadcast monitoring will be developed in the future as standards of performance rise. The sound movies may be
pointing the way in this field. Some of the
large producers have gone to the trouble
of placing the microphone mixing and gain
controls on a "bridge" or platform in one
corner of a room about fifty feet on a side,
otherwise empty except for a few men and
pieces of apparatus, and with monitoring loud
speakers of the theatre projection type,
operating at theatre volume, in the diagonal
corner. The speakers are about 70 feet from
the operators. The room is acoustically
treated and gives a good imitation of theatre
conditions during the recording. There is
nothing else in the place; this volume of 125,000 cubic feet is entirely turned over to the
monitoring staff. The actual recording on film
or disc takes place elsewhere, and the studio
where the action is photographed and picked
up acoustically is on the other side of a sound• february, 1929 . . . page 246 •
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Monitoring
proof wall, although it is within sight through
double windows. Interphone connections are
of course provided between the separate units.
This scheme may not improve the quality of
the product enough to justify the expense; if
a cheaper system will give almost equally
good results, it will naturally prevail. It is,
however, a bold attempt to fit the means to
the end, and the attitude, if not the mechanism, is worthy of imitation.
The Truth is Mighty and Must Prevail

that oncee
y raised
is frequentl
lament
it is impossibl
abroad
is spread
THEan error
for the truth to catch up with it. This is a
sad fact, even in engineering circles. Specialization adds to the confusion. The highly skilled
technicians in some little corner of applied science can't be fooled when it comes to their own
specialty, but they take more or less on hearsay material from other fields, and thus they
learn many things which are not so.
The fallacy about remedying defective
acoustics in auditoriums by the use of
stretched cords and wires is known to all
acoustic engineers. Its absurdity was first exposed by Wallace Clement Sabine. It can be
shown theoretically that the scheme cannot
work, and practice bears out the theory.
When it seems to work the usual reason is that
a large audience has been crowded into the
hall, and the resulting increase in acoustic absorption has partially remedied the trouble.
To an acoustic engineer, or any university student in the physics of sound, or to broadcasters who know the elements of their business,
all this is well known, but among other learned
men the romantic device of stretching wires
for acoustic correction still holds its own. I
present in evidence an excerpt from the discussion on Prof. F. R. Watson's "Acoustics of
Motion Picture Theatres," taken from the
Transactions of the Society of Motion Picture
Engineers, Vol. XI, No. 32, 1927, p. 650:
Mr. S. : You probably remember when the
Century Theatre in New York was opened.
The acoustics made it almost impossible to
give a play, so they intermeshed the ceiling
with fine wire and it made a great improvement.
Mr. R.: I should like to add that I know a
case in Chicago where a plain wall building
gave a bad echo. They stretched wires across
the hall and kept adding them until they broke
up Mr.
the C:
echo.I believe that is a common method.
I know the Denver Auditorium suffered that
way and the cross wires corrected the effect,
but of course they are unsightly.
Mr. Watson (communicated) : Wires in an
auditorium are practically useless. If an auditorium with wires has good acoustics, this
must be due to other features — carpet, upholstered seats, or other absorbents. The Denver Civic Auditorium, for example, had a considerable amount of absorbent installed.
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of credit for the developA GREAT ment deal
of short waves has been given
to the amateurs but only a handful of
their large numbers did any degree of pioneering, as Mr. Kruse has pointed out in previous
articles in this magazine. Jenkins, Maxim, the
Secretary of the Navy, and a host of others are
looking to the amateurs for the development of
television. Television, however, has been with
us for some time but somehow the amateurs,
like proverbial mules, have been backward
about coming forward in the field. A few experimenters have set up receiving apparatus to
satisfy their curiosity, but transmitting seems
to be considered out of the question.
Knowing that amateurs like particularly
hard problems, the Federal Radio Commission
took the recommendations verbatim of a
group of amateurs interested primarily in
two-way telegraphic-code communication and
assigned the worst and least usable of amateur channels to amateurs for television purposes. The 5.00 to 5.35 meter (60 to 56 megacycle) band is highly experimental with only
spasmodic distant reception and the lone twoway contact of the writer and former 2nz to
its credit. It is suspected of being a daylight
wave for very long distances under certain
conditions, or rather a whole flock of conditions, but little is known of this band for
telegraphy, let alone television.
The remaining legal amateur television
band, which is from 150 to 175 meters (2,0001715 kc), is practically deserted because
most amateurs wish to take advantage of the
much better carrying power of the shorter
waves over great distances on low power.
The inability to erect a large enough antenna
in the average back yard to permit efficient
sub-fundamental operation constitutes a serious disadvantage to some. Also, the band is
largely occupied by illegal but never-the-less
present harmonics of practically every
broadcasting station from one to a thousand
miles distant. Other conditions such as static
and distance to power ratios are not unlike
the
so-called
"graveyard"
waves
around
200 meters.
In other broadcast
words, amateur
television must not be expected to cover every
continent with a few watts of power for it
will take considerable power and good conditions to cover a few hundred miles.
Before any of us drift too far apart we ought
to think of some standardization of the many
optional methods of producing and reproducing the images so that we may all use the

Useful

BOYD

TELEVISION

PHELPS

A victim posing in front of Phelps' televisor
same type of receiver for many transmitting
stations. As receiving does not require learning the code and taking a license examination
it is quite probable that the non-transmitting
experimenters
"looking-in"many
will times
outnumber
the
television transmitters
over,
and it is for these that standardization should
be especially helpful, so that it will not be
necessary to use different discs, different
speeds, different arrangement of holes, and
The pictures below show three induction motors which have been
converted for synchronous operation
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different directions of scanning to receive
each transmitter.
Rules of Standardization
rY^O START things along the same path, let
J- us adopt some simple rules of standardization, based on how the resultant signals must
be "unscrambled" at the receiver. The first
rule I propose is to make all transmitters such
that the receiving disc holes will scan the
image from left to right and the spiral more
slowly progress from top to bottom, exactly as we
read a printed page. Random design of a trans-

mitter, however, may cause the "lefts" and
"rights" to be reversed, or the picture upside
down, or both.
We next need to standardize the speed of
the disc, a speed of 450 r.p.m. or 7J pictures per second is very slow, causes a bad
flicker, and requires a synchronous motor
with a large number of poles. One broadcasting station uses this speed, mainly to keep its
modulated frequencies within 5 kc. required
limits, and one uses a speed of 1200 r.p.m. or
20 pictures per second, but the majority
use a speed of 900 r.p.m. or 15 pictures per
second, which seems a wise choice from many
standpoints and might as well be ours.
The easiest way to secure very constant
speed is by the use of a synchronous motor.
Such a motor may be made by the amateur
without much trouble or expense by cutting
out eight slots in an 875 r.p.m. squirrel-cage
motor of about | h.p. The illustrations show
several types of non-synchronous motors that
have been slotted and rewound to run synchronously at900 or 1800 r.p.m. In some cases
the rotor is slotted and in some cases the
stator gets divided up, depending upon which
has the copper-bar squirrel-cage construction. There seems to be no data as to how
much metal should be cut away. The writer
has varied the width of the cut from 10 to
30 per cent, with little effect. The 1750 r.p.m.
motor shown at the right, was slotted at two
places and assembled; it runs synchronously
at 1800, although it should have four slots
for more power at synchronous speed. Similarly one 1725 motor illustrated on the left
was rewound to have eight poles of the same
total number of turns as before on four poles
but only four slotted places instead of eight
and it rims nicely at 900 r.p.m. synchronously on the transmitter. The other motor
illustrated in this group shows the 900 r.p.m.
"sink" motor used at w2buo for reception.
With all of these motors the power is about
40 per cent, of its former rating which is
adequate for television purposes if a ; h.p.
motor frame is employed and a small directmounted disc is used. With too great a load
the motor gets out of step and throbs or
"hunts" with grunting noises at the rate of
two or three per second. A small type g-10

neon lamp held behind the scanning disc will
show four black bars moving towards or away
from the center if the motor is not running
synchronously, otherwise the bars appear to
stand stationary. If more power is desired, or
if the motor does not keep in step, a winding
may be put in the slots cut out and fed with
direct current. Each pole so wound should be
wound in the opposite direction so as to produce alternate north and south poles and
greatly increase the power delivered before
falling back out of step.
The Remaining Question.

THE remaining question to be decided is
the number of holes we are to use in the
disc and this may not be so easily settled.
Scanning discs of 24, 30, 48, and 60 holes are
now in use among the broadcasters and experimental stations of the big laboratories,
but the tendency is to standardize on 48
holes. The greater the number of holes in the
disc the finer grained the picture will be and
the better detail it will show, but the difficulties in realization mount up rapidly as the
number of holes is increased. For the same size
picture, the 48-hole disc will have holes of
half the diameter of the 24-hoIe disc, and these
holes will let through only one-quarter the amount of already weak light that the larger
holes pass. Therefore, expensive and very
sensitive photo-electric cells are necessary for
a 48-hole transmitter; intense illumination,
unusual amplifier shielding, and supply filtering also add to the difficulties immensely as
compared to 24-hole systems. Mr. Kruse
points out that the optics with 24 holes is far
simpler and I am inclined to agree that with
so many new problems for the experimenter
in this new field that the 24-hole disc should
be the standard for a while. Possibly later we
may tackle 48 holes, but by that time the
broadcasters may develop some new agreement which we may use as a standard. Decently recognizable faces can be obtained with
24-hole discs and many other factors and misadjustments may easily produce worse
quality with 48-hole systems, especially when
considering the number of things that can go
wrong. Then, to do justice to 48-hole discs the
efficiency and amplification
through a total of eight to eighteen stages must be uniform up
to about 50.000 cycles whereas
with a 24-hole disc picture
quality crosswise equal to that
vertically may be had without
going above 9000 cycles, and
even 5000 cycles as the upper
limit does not give an entirely
hopeless result. This makes possible the use of iron-core audio
transformers with their immense
gain over the usual resistancecoupled stages.
While not wishing to appear
dogmatic in proposing the above
rules, I believe the beginner will
find them helpful as much is to
be learned and will be learned in
developing 24-hole television to
a high degree. A possible future
transition respecting an increase
in holes does not mean throwing
away equipment and starting in
all over again. The experience
gained with 24-hole television
will result in a saving in time,
tools, material and temper.
None of the recommendations
A view of Phelps short-ivave transmitter
february, 1929 . . . page 248 •

above will hamper future development for a
long time. They permit either of the two basic
methods of scanning and great latitude for
individual ingenuity along many lines, and
best of all they promote cooperation and close
friendship amongst experimenters. In the
old 200-meter spark days amateur conventions were meeting places for acquaintances
made over the air and nightly maintained to
get together. Nowadays the appeal of great
dx so easily gotten with low power, together
with the fact short waves skip over much of
one's own state so that the closest friends
over the air are the farthest away, conventions have not increased in interest as they
otherwise might. As a result conventions are
used for one amateur to boastingly acclaim
how many foreign countries he communicated
with the evening before or to display his choice
cards reporting his signals as "loudest in
America," — an often used expression. Television on 150-175 meters may bring back
the good old days, not the crashing spark, but
the fellowship, which is easily half of the game.
Late Wednesday afternoon November 28,
1928, the writer transmitted his first television schedule to W erner Olpe, w2buo, about
two miles away, and Robert S. Kruse, wIoa,
West Hartford, Conn., about a hundred
miles distant. Mr. Kruse did not have his
scanning disc finished at the time so he was
only able to report on the signal strength,
fading, interference, etc., but Mr. Olpe
succeeded in reproducing the images excellently before his whole family. Easily recognizable shadowgraphs were produced and the
hammer used to tack up some test charts was
recognized and described. Incidentally, it was
not realized that the hammer was in the field
of vision at the transmitter — pulling down the
shades is soon not going to be sufficient in the
modern home. On subsequent tests a few
days later Mr. Kruse got fleeting glimpses of
moving images under combinations of most
all the difficulties mentioned at the first of this
article, — -fading, low signal level and broadcast harmonics. One broadcast harmonic was
essary.
so bad that a transmitter retune was necThe First Amateur Television,
AFTER the manner of proclaiming world
champions in various new athletic classifications inwhich they have not yet contested,
and consequently are unbeaten, the writer
follows suit in calling the above the first
amateur television.
A sufficiently detailed description of the
transmitter to permit it being copied by the
layman would take considerable space. Some
parts of the construction would not be ethical
or convenient to try to copy as parts on hand
were used wherever possible. However, some
idea of the equipment necessary may be gained
from a description of what was used for these
tests although the apparatus is almost daily
"subject to change without notice."
To start with, two 500-watt Mazda bulbs
with tin reflectors produce the light source,
flood-lighting the subject or victim at close
range, not unlike a doctor's baking lamp in
action. A few sittings and one should be immune from rheumatism of the face for at least
200 years! Plug-in victims with plenty of
spares and an ashpit beneath might be just
the ticket. Because of this and because the
writer's experiments have been largely oneman affairs, test charts and drawings have
been substituted, one devilish horned figure
being particularly able to stand the heat is
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dubbed the "Spirit of Television." Charts
with various checkerboard meshes give amplifier characteristics at a glance but a cross
or plus sign is usually used as a preliminary
test to facilitate synchronizing receivers.
The optical system continues through
either a lens from an old post-card projection
lantern or a reading glass, the latter being
preferable as it has a somewhat shorter focus.
With this lens the image is projected directly
on the transmitting scanning disc upside
down and with its lefts and rights reversed.
Therefore, it is projected on the bottom of
the disc which scans in a counter clockwise
direction with the spiral progressing upward
or inward to conform with the rules given
for standardizing television receiver disc scanning. While the l-J- inches square surface at
the bottom edge of the disc acts like a projection curtain, somewhere in the picture area
there is a hole moving across this projected
image and letting light through to the lightsensitive photo-electric cell mounted directly
behind, that is, when the hole is in a part of
the picture that is bright. For every turn of
the disc each part of the image is analized by
the scan holes and the resistance of the photoelectric cell is varied in accordance with the
intensity of light reaching it.
The Scanning Disc
T^HE scanning disc used for the receiver is
J- the same as for the transmitter except that
holes are drilled with a size 40 drill in the
transmitter disc and a size 44 drill for the
receiver. The disc may be made from a flat
brass
0.05" or more
of somewhat
thickerplate
aluminum.
Fromthick,
the orcenter
of the
brass plate a 6-inch radius circle is drawn and
sub-divided into 24 equal parts from which
points lines are scratched to the center. Starting about | inch in from the edge of the onefoot diameter circle a scratch is made on
each radius line iV inch nearer the center for
each radius line until the 24 radii have been
scratched. The points located in this manner
determine the positions of the holes of the
spiral. In order to increase the initial electrical
signal energy above the noise level a considerable degree of overlap in the track of adjacent
holes seems permissible in the transmitter
disc, but the same overlap in a receiving disc
would give a streaked picture, hence the different drill sizes. The holes in the disc shown in
the picture are nearly a tenth of an inch in
diameter, and a gain equivalent to considerable amplification is the result.
WhLe silhouettes are
comparatively easy to transmit because the intense
light shining directly into
Disc

the photo cell, working with reflected rays, from the face at
a distance, the light is so weak
in its indirect reflected path as to
produce only a very minute current in the cell. The signal in the
first few stages of amplification
may be easily buried under noises
such as filament emission, vibration from the scanning motor,
noisy B, C, or A batteries or connections, stray feedbacks, audio
regeneration, a.c. induction, noisy
grid leaks, plate resistors or grid
blocking condensers, etc. Too
much emphasis can not be put
on using good parts in the first
few stages at the same time obtaining rapid
a
gain in signal level
above stray pick-up noise. In
order to gain this end one of the
first amplifiers built by the writer
for this purpose used transformer
coupling in the first two stages
and between the cell and first
tube input, but in spite of considerable shielding enough a.c.
was induced from the motor into
the windings of the transformers
A close-up and
view television
of the transmitting
amplifier scanner
to spoil the pictures. Therefore,
resistance coupling was resorted
of amplifying transformers that will handle
to and finally the advantages of the screenheavy plate current and volume (such as
grid tube were used in a resistance-coupled
amplifier with surprising improvement. A between a 7f-watt amplifier and a 50-watt
theoretical voltage amplification of sixty per modulator) with good response up to 9000
stage is obtained, which compares well with
transformer coupling, and better quality re- cycles.
sults. The disadvantages of stray induction
Transmitting Circuits
coupling, even with only moderate shielding,
are done away with and the only new difficulty
IN THE matter of oscillatory circuits, any
of them work but those that shift wave
introduced seems to be that only small signal
potentials can be handled by this type of tube with different plate voltages should be avoided
because the maximum grid swing is only about
as they do this in modulation. Consideration
a volt and a half. However, for amplifying the should also be given the degree of cutting off
of the side bands farthest from the carrier,
very weak photo cell currents up to a moderate
workable volume where one can be sure of their representing the best image detail, by sharp
tuning in amplifier stages as well as degree of
existance, the screen-grid tube seems admirably
well fitted. Two stages are shown in the dia- modulation efficiency. The diagram on this
gram although three have been used where the page shows the complete transmitting cirreflected light intensity was unusually weak.
cuit used by the writer in his experiments
with amateur television.
However, when three stages are used considerable isolation of battery circuits and shielding
The television experimenter will at times,
is necessary in order to realize anywhere near
no doubt, loose patience with his results, or
maximum gain. Indeed, even with the dia- lack of results, and may even tend towards
gram shown, considerable juggling was necesprofanity. The Bible is often a great soother
sary to get rid of assorted howls and squeals. of sorrow and the television experimenter
In this connection it must be remembered in has not been forgotten therein and may get
placing and shielding the amplifier that the comfort from Habakkuk II, 3, which reads,
resistance-coupled stages may pick up,
"'For the vision is yet for an appointed time,
amplify, and overload on radio frequency
but at the end it shall speak, and not lie;
from the transmitter. Also, it should be though it tarry, wait for it; because
mentioned that there seems to be a scarcity
it will surely come."

A complete schematic diagram of the apparatus used in the amateur television experiments
• february, 1929 . . . page 249 •
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NSIBLY, a two-staerge transformerOSTEcoupled
audio amplifi is a perfectly
simple assembly of apparatus for the
set-builder to put together and operate. All
that it is necessary to do is to mount the
transformers, sockets, binding posts, and
C-bias resistors, if a.c. operated, on a baseboard, and wire them up. But, is it as simple
as this? Suppose you have the manufacturers'
curve on a single transformer, giving its frequency characteristic, have you any assurance
that the complete amplifier will have such a
curve, or will it have additional humps and
hollows in it, and will it tend to sing at some
high frequency, or will it "motorboat" if you
try to run it on a none-too-good B supply?
For years George Crom of Amertran has
been trying to educate experimenters up to
the point where they will "filter" their amplifiers. The use of such filters keeps the a.c.
where it belongs, and prevents it from roaming through the B-supply unit where it would
become mixed with a.c. from other circuits.
According to Mr. Crom, the characteristic
of a two-stage amplifier will be that of a
single stage squared provided — and only
provided — it is well filtered. Just what does
this mean?
The circuit of a well-filtered Amertran DeLuxe amplifier is shown in Fig. 3 and a picture
of the unit will be found in Fig. 4. A list of
parts used in constructing it in the Laboratory
will be found at the end of this article. To determine the value of Mr. Crom's suggestions
regarding filtering, we took this amplifier into
the Laboratory and measured its characteristic by putting constant voltages on the input
through 12,000 ohms — to simulate the detector out of which it ordinarily works — at various frequencies, and measuring the current
into a non-inductive output resistor of 4000
ohms. According to tube experts, the greatest
amount of undistorted power output from a
2000-ohm tube (cx-301a) will be secured
when the load into which it works is equal to
4000 ohms, and while the loud speaker into
which the amplifier works will not have a
constant impedance equal to 4000 ohms at all
frequencies, we cannot hope to simulate it

+ B Det.
Fig.. 1 — When filtering is employed
in the detector plate circuit, two
wires are needed to connect the
detector with the amplifier input
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KEITH HENNEY
Director of the Laboratory

George Crom of the Amertran
Company has maintained for a long
time — he first stated his position in an
article in Radio Broadcast for
October, 1925 — that audio amplifiers
and their filter circuits could not be
considered separately. It is fair to
say that his thoughts have not been as
generally appreciated as they might
have been. We went into our Laboratory and this interesting article, with
accurate and quantitative data is the
result. It all means simply this: it is
not enough to build your amplifier from
the best of units, you must also use
proper filtering. From the information
given here, everyone can go over his
own amplifier and apply the suggestions given. With audio amplifiers
and reproducers now covering a really,
satisfactory scope, real fidelity can be
attained, where it was not possible
several years ago. This article is the
first to give, we believe, any considerable quantitative data on this important
subject.
— The Editor.

better than this. If the amplifier itself has a
good characteristic when operated into a resistance load of the proper value, the problem
is then up to the loud speaker designers to
make a unit that will give equal results.
In these tests we were not concerned with
overall amplification nor with the power output, but for simplicity of measurement we
calibrated our output current meter — a Weston thermocouple — in db (tu) up and down
from 5 mA. which, into 4000 ohms, is equal
to an output of 100 milliwatts.
How Tests Were Made
r I "'HE source of tones was a beat-frequency
J- oscillator which would function down to
60 cycles easily; its output was impressed
across 10,000 ohms and 500 ohms in series, and
the voltage drop across the 500 ohms (General
Radio resistance box) was impressed on the
amplifier. The B supply was a Majestic power
unit which used a gaseous rectifier tube, and
which had been found to have an output impedance respresentative of all such devices.
To obtain plate potentials lower than 180
volts — which was applied to the 171 tube — we
used resistors of 25,000 and 50,000 ohms,
respectively, at R4 and Ri. Since 12,000 ohms
is much lower than the d.c. resistance of a
detector, we placed only 22.5 volts on this
tube so the current through the primary of
the first DeLuxe transformer was about 1.0
milliampere. The 227 tube (a deForest) was
supplied with 90 volts on the plate and about
5 volts on the grid. The 171 tube (a Raytheon)
had 180 and 40.5 volts on its plate and grid,
respectively.
february, 1929 .
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To prevent any of the a.c. in the primary of
the first transformer from entering into the
B supply we placed a 1.0-mfd. condenser, Gi,
as shown which provided a low-impedance
path as compared with the 50,000-ohm resistor. The grid circuit of the first tube was
filtered by means of a high series resistance,
Ri, and a low-reactance condenser, C2. A.C.
voltages appearing across the 2000-ohm resistor, R3, were not able to enter the grid circuit,
first because of the high resistance in series
with it and secondly because the lower end
of the audio transformer secondary is practically short circuited to the filament, so far as
a.c. is concerned, by the condenser C2.
Similarly, a.c. currents in the 227 tube circuit were kept out of the B supply by filtering the plate circuit of the first audio tube
by means of the condenser C3 and the resistor R4. This means that the a.c. voltages
across R3 were very small. The grid circuit of
the power tube was filtered in the same manner as the 227, and to keep the a.c. currents
of the last tube from wandering around
through the B supply the loud speaker was
connected directly to the center-tap of the
filament of the 171. All the a.c. currents that
entered the B supply from the last tube, were
those which passed through the choke Li, and
these were very small as compared with the
currents going through the loud speaker. That
was the purpose of the choke, to keep the a.c.
currents going through the loud speaker and
not through the choke. The purpose of the
condenser, Ce, was to keep the d.c. flowing
through the choke, and not through the loud
speaker.
The above paragraphs describe how our apparatus was arranged. Now what happened
when we placed tones on the input, and measured them in the output? The amplifier was
flat from 100 to 8000 cycles (curve A, Fig. 5),
it. went down about 1.0 db at 60 cycles, and
up about 8.6 db at 10,000 cycles where the
capacity across the secondary resonated with

Fig. 2 — When an output transformer isemployed the filter system
illustrated above should be used in
the plate circuit of the power tube

Z
the tTEinsformer leakage reactance. Since the
transformers employed high-permeability
cores (about five times the permeability of
silicon steel cores) the leakage reactance was
low, and the resonant frequency was high —
well above the usual range of frequencies
transmitted by broadcast stations. This is a
very good characteristic.
After completing this test there were a number of experiments which we had to perform.
"How much filtering can we remove before
the characteristic goes bad?" "Or will it go
bad?" These were questions which we had to
answer. First, we removed Ri, and connected
the 22.5 volts directly from the B supply to
the lower end of the primary of Ti- This left
1.0 mfd. across the 22.5-volt tap. At 60 cycles
(C) of Fig. 5 the amplifier went down 6.6 db
from its 1000-cycle level, and the entire amplifier was down 1.0 db. Why?
Those who read the "Armchair Engineer"
(March, 1928, Radio Bboadcast) will remember we calculated the amount of a.c. current
that flowed through a 40-henry choke (which
is a good big choke) when the loud speaker was
connected as in this test. This a.c. current,
although small, flows through the B supply,
sets up an a.c. voltage there, and part of this
voltage appears across the 22.5-volt tap. This
voltage is fed into the input of the amplifier
and, of course, is amplified. Since the amplifier
was now down at 60 cycles, it means that the
transformers were so "poled" that this a.c.
voltage impressed on the input from the B
supply, returned to the 4000-ohm output resistor out of phase with the original voltage,
and hence was subtracted from it.
It is worth while, then, to filter the detector.
In this case, despite the 1.0-mfd. condenser
across the 22.5-volt tap, the amplifier was
down,- indicating that this capacity (which
has a reactance of 2650 ohms at 60 cycles)
was too small to give any bypassing effect.
When the resistor, Ri, of 50,000 ohms, was in
the circuit, however, the condenser was relatively much more effective and kept these a.c.
voltages from entering the primary of the
first a.f. transformer.
Other Experiments
N THE next experiment we increased the
I
current through the B supply by connecting the output resistor directly across
output choke, thereby reducing its impedance
to approximately 4000 ohms and increasing the
a.c. through the B supply by the amount that
previously went directly to the filament. Now
10 000 ohms

12.000 ohms

RADIO BROADCAST

Fig. 4 — Top view of completed amplifier shows exact arrangement
of apparatus on baseboard
the amplifier (D) in Fig. 5 was down 14.8 db
with the 2000-ohm resistor which it byat 60 cycles, and down 7.0 db at 1000 cycles.
passes. In other words, at low frequencies its
Placing 8 mfd. across the Majestic unit in- reactance is too great to be of much good as a
creased the 60-cycle response to 12.8 db — a bypassing agent. It is only when the circuit
beyond this condenser (toward the B supply)
gain of 2 db — but this was not worth while.
Since this is analogous to operating the ampli- is increased in impedance (one-half megohm,
fier with an output transformer, it is abso- Rs) that the condenser gets in its good licks.
lutely essential that the detector supply be
Now with all the filtering in place, a 1000well filtered and as near (physically) the first ohm resistor placed in the B-supply lead
a.f. transformer as possible. This necessitates
caused no change in the characteristic at
two wires from the detector to the amplifier either low or high frequencies, proving that if
as in Fig. 1.
the amplifier is properly constructed, it is inFiltering the 22.5-volt circuit (the detector
dependent ofthe source of plate or grid voltplate- voltage supply), as in Fig. 1, and removing all filtering from the first a.f. tube, proConclusive Proof
vided a good characteristic, almost as good ages.
as with the filtering in the circuit.
HERE, then, is conclusive proof that Mr.
Crom is correct. The audio amplifier must
Taking out all the filtering, even the by -pass
condensers across the C-bias resistors, gives be filtered if the good characteristic of a single
the characteristic shown at (B) in the curve.
transformer is to be preserved when a twostage affair is constructed. Here is an amplifier
With this arrangement the amplifier suffered
badly at both low and high frequencies. Plac- operating entirely from a.c, that gives a flat
ing the loud speaker across the choke and re- frequency characteristic from 100 to 8000
moving all filtering gave the characteristic at cycles and a power output of roughly 100
milliwatts for an input r.m.s. signal of 0.1
(E) — which in our estimation is pretty terrible.
Replacing the condenser across the C bias to volt, or to put it another way, an amplifier
that requires an input r.m.s. signal of 0.31
the last tube increased the 1000-cycle response
to normal but improved the 60- and 100-cycfe volts to produce a one-watt output. This is
response only 4 db, showing that this capacity true providing the 171-type tube with a mu
is far too small to do much good compared
of 3 is used and providing it works into twice
its own internal plate resistance. It is a beautiful amplifier, since it has not only a good
characteristic but plenty of overall gain as

-B

Grou

nd
Fig. 3 — Schematic diagram of a well-filtered two-stage transformer6+B
coupled a.f. amplifier
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well.
Now how much of this filtering is necessary?
So far as this particular amplifier and particular B supply are concerned, we can do away
with the filtering in the grid and plate circuits
of the first audio tube — but it is highly questionable whether such an economy would be
a true saving. The filtering in the detector
plate lead and the shunt condenser and series
resistance in the grid circuit of the power tube
are both absolutely essential. But so far as a
general amplifier and a general B supply are
concerned, we need every bit of filtering there
is in this present assembly of apparatus as
shown in Fig. 3.
While it is true that the ear will not detect
differences of perhaps 10 db at the two extremes ofthe audio band, it is not safe to say
that we can eliminate such filtering as is only
effective in bringing up these frequencies. If,
by accident, one of the transformer primaries

or 200-volt units of the paper-dielechad been poled differently , the chances
FRE
Y CHARACTERISTICS OF
tric type will prove satisfactory. If the
are that the entire amplifier would
tTRAN
AMPLIFIER
AMEI
tubes are taken from their sockets
QUENC
sing at some frequency with the rewhile the power is turned on, however,
moval of any part of the filtering.
>
the full voltage output of the plate
The only safe way to get a good
DS
supply unit will be impressed on the
characteristic out of good transcondensers, and if such conditions
formers iscompletely to isolate all
ever exist, it is well to use condensers
a.c. circuits. The best place to do this,
i /f
that
will stand up under the added
physically, is in the amplifier itself,
\
strain. Although the filter condenser
AD
\
for with this arrangement the ampli1
in the plate circuit of the first a.f. tube
fier circuit is entirely independent of
—
.
is required to stand up under a voltage
HO BR( IADCAST ]LABORATORY
the B supply.
of not much over 90 volts with the
It will be noted that the series
RAI
#
J?
\
tube in the socket, if the tube does not
filter resistor must pass the plate
/
draw plate current, or is taken from
current required for the tubes on the
•
its socket, the voltage across the conside furthest from the plate supply
denser may rise to the full 180 volts
unit. Thus, in the circuit diagram,
300 500 1000
3000 5000 10,000
supplied to the power tube.
Fig. 3, the 50,000-ohm resistor must
FREQUENCY IN CYCLES
be able to carry the plate current of
List of Parts
Fig. 5 — These curves show the frequency
the detector or about 2 mA, and the
response
characteristics
of
the
amplifier
HP HE list of parts indicates what
25,000-ohm resistor must pass not
with various filter combinations
was actually used in the Laboonly the plate current of the first a.f.
ratory. Equivalent apparatus may be
tube, or about 3 mA., but the current
taken by the detector as well, or about 5 experience that small grid leak type resistors used, of course. The complete list follows :
mA. in all. The resistors should be able to frequently go bad in this kind of filter circuit Ci. C2, C3, C4 — Faradon condensers, 1-mfd., type
handle at least one watt.
within a few months after the apparatus is C6 WS3810-A;
Acme condenser, 4-mfd., Series A;
Li Amerchoke, type 874;
The series resistors in the grid circuit do put into use, probably due to the momentary
Ri
Durham
Powerohm resistor, 50.000-ohm;
not handle any steady current at all since high currents passed through them. Noisy R2 Daven Hi-duty
Glastor resistor, 0.5-megohms;
R3 Aerovox Pyrohm resistor, 2000-ohm; type 992;
there should be no current flowing in this resistors, of course, should always be avoided
R4 Durham Powerohm resistor, 25,000-ohm;
as a never ending source of embarrassment
part of the circuit. Mr. Crom, however,
R5 Daven Hi-duty Glastor resistor, 0.5-megohm;
states that these resistors should be able to and bother.
R6 Aerovox Pyrohm resistor, 2000-ohm; type 992;
R? Electrad center-tapped resistor, 20-ohm;
handle considerable current which is taken by
The voltages which the condensers must
Ti, T2 Amertran DeLuxe Transformers;
the charging of the shunt condensers. It is his handle are not very great, and ordinary 150-

BOOK
The B. B. C. Handbook, 1929. The British
Broadcasting Corporation. Published in
September, 1928. 480 pages, including advertising.
The British Broadcasting Company's Handbook, issued for the second time, illustrates an
underlying difference between the British and
American forms of broadcasting. In the
United States the large broadcasting chains
content themselves with getting what newspaper publicity they can, and satisfying their
Listeners and advertisers. In its Handbook,
which of course is also a publicity medium,
the B. B. C. assumes the role of a British institution, somewhat on the order of the House
of Lords, the Boyal Institute, and the Church
of England.
In the advertisements which are included
with the text we note that the British radio
manufacturers, like their American prototypes, build perfect radio sets which will,
however, be less than perfect when the next
model comes out.
The articles cover a wide range. There are
recapitulations of important programs and a
discussion of program plans for the future.
Sports, the opera, educational material, and
orchestral broadcasts receive considerable
space. There are miscellaneous articles indirectly connected with broadcasting, such as
the one on "Bands, Orchestras, and Instruments." Artists who have broadcast extensively give their views on the best technique.
The fisteners are even told how to listen. The
drama and religious broadcasting are not neglected. The press, poetry, and copyright limitations are other miscellaneous heads picked
out at random from the text. Like the radio
itself, the Handbook evidently aims to present

REVIEWS

a number of things of interest to its variegated
group of patrons.
The "Technical Section" contains a summary of progress in transmitter design, in
which low-power transmitter modulation is
favored, although not enthusiastically. The
radiation pattern of the Daventry station is
shown. There is quite an informative article
on broadcast acoustics, including a disclosure
of the "artificial echo" scheme. The output
of the microphone amplifier is split, one channel going directly to the transmitter, while the
other, through a re-inforcing amplifier, actuates aloud speaker in an echo room with bare
walls and a consequently high period of reverberation. The sounds emitted by the loud
speaker are picked up by a microphone in the
room, and mixed with the straight studio output in any desired proportion. The method is
an ingenious one and should give good results
in selected cases where the distortion involved
in repeating through a loud speaker is not
objectionable.
The article on microphones discloses the
fact that in the British stations the movingcoil type of microphone which was standard
at one time has been largely superseded by a
carbon transmitter apparently of the Reisz
type, in which the sound affects a layer of carbon granules through a rubber membrane, and
by American condenser transmitters. Considerable material on receiver problems also
appears
in the technical section of the Handbook.
The illustrations are interesting and some
of them refute the idea which has proved so
useful in American vaudeville shows, that the
British generically lack a sense of humor.
Carl Dreher
• february, 1929
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Radio, By Elmer E. Burns, D. Van Nostrand Co., New York, 1928, 255 pages,
price $2.00.
The sub-title of Radio is "A Study of
First Principles"; it is intended for "Schools,
Evening
and Home
Study."in The
author isClasses,
an instructor
in physics
the
Chicago high schools. The treatment, probably as a result, is more thorough in setting
forth the theoretical basis of the art than
most elementary books, and there is corresless "How
to but
Make"
Graphs are pondingly
used
liberally
there material.
is some
application of simple mathematics, and here
and there a vector diagram. At the same
time Mr. Burns' text never becomes abstract
or merely verbal. His first chapter, in fact,
plunges abruptly into "Simple Receiving
Circuits," without the preliminary wooing
of the principles of electricity to which we
have become accustomed. However, the
author then retraces his steps, starting with
electric batteries, and going through electric
circuits and Ohm's Law, electron tubes, alternating currents, detectors and amplifiers,
fundamentals of receiving circuits, oscillators
and transmitting circuits, and radio measurements. In an appendix some of the common
mathematical relations are brought together,
and there are lists of graphic, mathematical,
and code symbols . . An index is provided.
Radio — "First Principles" provides an
excellent course of study for students with
high-school preparation in physics and mathematics. Itmight serve as an effective introduction to an advanced text like Morecroft's, for,
in its restricted sphere, it shows some of the
same care in preparation and choice of
material.
Carl Dreher.
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WHEN comparing the voltage amplification or
the power output of two or more amplifiers,
it is convenient to use a unit of comparison that
bears some relation to the sensitivity of the ear.
For example, the difference in volume output betwe n afull
very times.
loud andAndplaying very
softlyorchestra
is about playing
one million
yet
to the ear the difference is only about 60 times;
that is, between these two extremes in level, there
are about 60 steps which the ear can detect by which
the volume may be increased.
As another example, one amplifier may deliver
600 milliwatts of power into a loud speaker while
another is capable of turning out one watt, or 1000
milliwatts. Off hand one would say that the second
is a great deal better, but is it? Of two amplifiers
having voltage gains of 50 and 60, the second is
better,
of course,
if it costs
a great
more,
is it worth
it? As but
a matter
of fact
the deal
differences
between these two amplifiers would be scarcely
audible to the average ear.
A convenient unit of comparison has been known
as the Transmission Unit of Loss or Gain, and is
now called the Decibel, abbreviated to db. It has
been called the nj, for want of a better name, up
to the presentnationallytime.
is onenamed
tenth in
of the
inter-of
used unit,Thethedb Bel,
honor
Dr. Alexander Graham Bell, the inventor of the
telephone. The transmission unit of loss or gain
was originated in the telephone industry which
deals almost exclusively with differences in volume
inwhich
whichhadthesome
ear plays
a part, with
and sothe such
a unit,in
connection
manner
which the ear hears, was necessary.
The db is defined as '"Ten times the common
logarithm of the ratio between any two powers."
Ndb
10 logm P1/P2 (1)
in which N is the number of db by which the two
powers Pi and P2 differ. The db is such a unit that
the trained ear can just distinguish the differences
between two powers which differ by one db, or one
unit of loss or gain.
The table below gives some easily remembered
valuesage or ofcurrent
db andratios.
the corresponding power and voltNdb

Apphox. power Approx. voltage or
RATIO
CURRENT RJ
2.0
1.4
3
1.58
4
2.5
2.00
6
4.0
5.0
2.24
7
2.8
8.0
109
3.16
10
20
100
10.0
200
23
14.0
31.6
30
1000
The second advantage in the use of such a unit,
which is a logarithmic unit, will be apparent in
glancing at the above table. Every time the power
is doubled, we add 3 db, and every time the power is
multiplied by 10, we add 10 db. Thus a ratio of 2
gives 3 db, a ratio of 4 gives 6 db, a ratio of 8 gives
9aredb,included
etc. AHbetween
power ratios
100 and
20 and between
30 db. DB
are to1000be
added when
power
ratios
are
multiplied,
tracted when power ratios are divided. and
Thus,sub-if
one amplifier has a gain of 25 and is to be used after
another similar amplifier, the total voltage gain is
252 oramplifier
625, which
gain of
each
is 25 isdb,awkward.
the total But
gain ifis the
50 db.
In other words the db is a compressed unit, and
neglects differences of power the ear cannot detect.
Thus, when an engineer SDeaks of the superior
power output of his amplifier as compared with
another, one must be careful to translate the power
ratios into db before taking him too seriously.
Example: Let us consider an amplifier that is
capable of turning out 100 milliwatts of power.
By how much must we increase its output before
the ear can just tell the difference?
Solution: A table of db, or a logarithm table, tells
us that 1.0 db corresponds to a power ratio of 1.25.
Thus
power output
100 milliwatts
must bethe increased
before tothewhich
difference
is audible
to the ear is,
db = 1.0 when P1/P2 = 1.25
or Pi/100 = 1.25
or Pi = 125
and so the power output must increased to 125
milliwatts before the ear can tell the difference.
Strictly speaking, the unit of loss or gain deals
with power ratios only, but with a little juggling
of our mathematics we can use it to express ratios
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Transmission

Sheets

Unit

of current or voltage. It is only necessary to convert these voltages and resistances to powers, get
the ratio and convert to db, or to use the following
formula when voltage ratios are involved:

Wouldtion soitthat
be worth
50 voltswhile
appeared
acrossthetheamplificaoutput?
Ri to increase
Ro
Solution:
10-1 =watts
0.4.
Power output
watts

Ndb= 20 log El/V^
E2/VR2 . .
or (wheu current ratios are involved)
Ndb
onl
,„,log I1VR1
20 loS d')2
/i_v, Rl
1, = 20
I2VR2

.(2)

To convert power ratios to db look up the logarithm of the ratio and multiply it by ten. To convert current or voltage ratios to db, look up the
logarithm and, if the impedances are equal, multiply this logarithm by 20. If the impedances are
not equal, use formula (2). When looking up logarithms, remember that all numbers up to 10 have
logs between 0 and 1, all numbers between 10 and
100 have logs between 1.0 and 2.0, all numbers between 100 and 1000 have logs between 2.0 and 3.0,
etc.
In other
words 100the and
first1000
figurewillof bethe 2 logandof the
all
numbers
between
next number tells us exactly where, between 100
and 1000, the number is. Thus, the power gain
corresponding to 100 is 20 db and corresponding to
200 is 23 db — adding 3 db every time the power is
doubled — and for 400 is 26 db.
When converting db to power ratios, follow this
example. What is the power ratio corresponding to
18 db? Dividing by 10 gives 1.8. The figure 1 tells
us that the number lies somewhere between 10
and 100, and the figure 0.8, when looked up in a log
table, is the log of 6.32. The ratio is, then, 63.2.
If it were 28 db the figure 2 indicates that the numand is1000
of 0.8ber liesis between
6.32 so the100ratio
632. and the "antilog"
Example: An amplifier has one volt applied to its
input resistance of 10,000 ohms. Across its output
resistance of 4000 ohms appears a potential of
40 volts. What is the power gain in db, the voltage
gain in db, and the voltage gain expressed as a ratio?

DB

P
L0log,„ p"= i

0.02
0.01

1600
4000

Power ratio ■
= .4 x 10"
4000
(E,) =
Po
=
Power gain = 10 log(Eo)=
4000 = 36 db (because the
log of 4 is 0.6 and because
the first figure of the logs
of all numbers between 1000 and 10,000 is 3 and
the power gain ill db is 10 times the log of 4000)
EoVbo
Voltage gain = 36 db = 20 log
2
_ 40Ei/i/RT
Eo/i/Ro . 3 6 _
12
1 It _
Voltage gain = 63
If Eo becomes 50, gain (between Eo = 50 and
E0 = ence40)between
= 20an log
fg = voltage
2.0 db. ofAnd50 and
so theone differoutput
of 40
would be hardly worth any trouble to get it. The
solution to this example is characteristic of all such
il
problems.
The easiest way to learn to use the db chart in
Fig. 1 is to look along the horizontal axis for the
DB corresponding to a power ratio of 100 which is
along the right vertical axis. This we know is 20
db. A power gain ratio of 20 corresponds to 13 db.
A voltage gain ratio of 6 corresponds to 15.6 db.
A power loss ratio of 0.2 corresponds to 7 db, a voltage loss ratio of 0.06 corresponds to 24.5 db, etc.
Problems
Problem 1. What in db corresponds to a voltage
ratio of 100? Power ratio of 100? What voltage ratio
corresponds to 100? What power ratio?
Problem 2. A current of 0.006 amperes flows
through a resistance of 1000 ohms. A switch reduces
this current to 1.0 milliampere. How much is the
current reduced in db?
Problem 3. An amplifier has a normal output of
1 watt. A switch is provided so that its output can
be reduced in 5 db steps. What is the output in
watts when it is reduced by 5, 10, 20, and 25 db?
Problem 4. A radio receiver has a voltage gain
in its radio-frequency amplifier of 50 db. Express this
in voltage
ratio,
in power closes
amplification
Olvided
og.othat I2the
sameandimpedance
the input proand
output of theVR2amplifier.

in which the factor 20 appears because
of the fact
I2
that the voltages in the above equation
are squared.
(When yougarithm.) square
a number,intoyouwhich
doubletwoitscurloIfthe impedances
rents flow, or across which two voltages appear, are
equal, the expression for db becomes,
Ei2
Ndb = 20 log or
(3)
20 log J-1
How to Use DB

o 0.08
0.07
0.06
0.05
0.04
0.03

~ ~100040000
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POWER SCALE
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Fig. 1 — Chart of transmission units (DB)
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Experiments
METHODS of calibrating a wavemeter were discus ed in Home-Study Sheet No. 13. If the
experimenter provides himself with a heterodyne
wavemeter, that is an oscillating vacuum tube with
a grid-current meter and a series of coils and a
tuning condenser, he has, in his own laboratory,
the most important item of equipment for a whole
series ofments.interesting,
experiThe heterodyneinstructive,
wavemeterandcanuseful
be avoided
if an oscillating detector is used with a pair of telephones in its plate circuit according to Fig. 1. The
circuit will have to be calibrated, but this can be
accomplished as indicated in Home-Study Sheet
No. 13. meter
With this
system, resonance
instead of with
using another
a gridcurrent
to indicate
circuit, a click in the telephones serves the same
purpose.
Properties of Coils and Condensers
A. Wind up on a form approximately 2.0 inches
in diameter about 60 turns of rather large insulated
wire, saypacity willabout
No. 20,
so thatthetheends
distributed
cabe large.
Connect
of the coil
across a variable condenser whose capacity at sevsettings Ais500-mmfd.
known — a condenser
calibrated willcondenser,
other eralwords.
have aboutin
the maximum capacity needed. Starting at the maxcondenser capacity,
coilcondenserimumcombination
into the "click,"
oscillating the
detector,
or into the heterodyne wavemeter. Note down the
wavelength or frequency, and then change the setting of length
tireor frequency
variable condenser
and get a until
new wavesetting. Continue
three
or four points have been secured, for example, if
a 500-mmfd. condenser is used, get the wavelength
at 500, 400, 300, 200, and 100 mmfd.
Make a table, as in Table 1, showing the condenser capacity, the wavelength, and the wavelength
squared. Plot, as in Fig. 2, the wavelength squared
against,cause ocapacity.
A straight line should result, bef the equation,
(wavelength)2
3.54 x L x C
where
L == microhenries
C = mmfd.
This equation states that the wavelength squared
is proportional to the capacity. The "proportionality factor,"squared
that is.and
the the
factorcapacity
which isconnects
the
wavelength
L, the
inductance.
The slope of the line divided by 3.54 then, is the
value of L, that is.
1
(wavelength)2
capacity
L = 3.51
It will be noted that the line crosses the vertical
axis (the
axis) words,
at some
distance abovewavelength-squared
the zero point. In other
if there
were no additional capacity present, except what
the coil inherently possesses, the wavelength
squared would be given by this value. This point on
the curve gives us the natural wavelength of the
coil, determined by its inductance and its dis140,000

S 60,000

100

200
CO MMFD

Fig. 2

300

400

Home- Study

With

Sheets

a Wavemeter
give truepacity at different
readings, frequencies
however. The
caseemsvariation
to be ainkind
of electronic disturbance in the dielectric at high
frequencies so that the dielectric constant is not
what it is at low frequencies. Such discrepancies
are not important where the units are used as bypass condensers but when they are to be used for
tuning circuits, one cannot rely on their markings.
The experimenter should make a list of the rated
capacities, the measured capacities, and the persers. centage accurate of a series of small fixed conden-

tributed capacity. To check this value, remove
the condenser end click the coil alone into the wavemeter.
The point where the line crosses the capacity axis
gives us a value for the distributed capacity of the
coil. This value when multiplied by the proper value
of L gives us the LC product which, when fitted
into thelengthformula
of the coil.above, gives us the natural waveThustance one
experiment
not only gives
us the and
inducof a coil,
but its distributed
capacity
its
natural wavelength
as
well.
The
greater
the
distributed capacity of the coil, the more accurately
it can be measured by this method.
As a check on this method of determining the
inductance of a coil, calculate the inductance from
the following formula,
9 d d2+ N210 b
d is the diameter
in inches
N is the number of turns
b isLthe= length of winding in inches
Measuring Capacity
B. The product of L and C in a circuit determines
the wavelength
or thethefrequency
whichby that
circuit will tune. When
circuit istonear
a source
of energy of this frequency, the circuit begins to
absorb energy and a large current will flow in the
coil and the condenser. This phenomenon is the
basis of all tuning in radio circuits, and has been
described in Home-Study Sheets 11 and 12. It
can be used for measuring purposes as well as for
receiving radio signals as the following experiment
will prove.
Connect a condenser whose capacity is known
across
coil soofthat
the combination
into themetera orrange
frequencies
over cover.
whichwillthe"click"
wavethe
circuit to oscillating
resonance. detector
Connect will
across the Adjust
condenser
a capacity whose value is unknown but which is
desired. Adjust the variable standard capacity
until resonance is again obtained. What has hapWe have increased the total capacity in the cirpened?
cuitdard.by adding
unknownreduce
condenser
to the ofstanWe must, thetherefore,
the setting
the
standard
until
the
total
capacity
in
the
circuit is
as it was before.
For example, if the condenser were set at 400
mmfd. when resonance occurred without the unknown capacity, and at 320 mmfd. with the cathe difference,
— 320, or 80 mmfd.,
gives thepacity,capacity
of the400unknown.
Such regard
a method
enables
the
disthe capacity of the coilexperimenter
and of thetoleads
since they are in the circuit, at all times and do not
affect the difference of capacity produced by adding another condenser to the circuit.
If a large condenser is to be measured, it may be
necessarydenser to obtain
to put resonance.
it in series The
with experimenter
the standard must
conremember that when two condensers are put in
parallel the resultant capacity is the sum of the
individual capacities — this is the basis of the exjust described;
that whencapacity
two con-is
denserperiment
s are put
in series, but
the resultant
the product of the individual capacities divided
by the sum, or the resultant capacity, Co, of adding
Ci in series with C2 is
Ci X Ci or ± = 2 , 1
Ci -}- C
Co Ci C2
If the capacities of small paper or mica condensers
are measured
methods, i.e., determining
Co = byat these
their capacity
high frequencies, some strange
results will occur. The capacities will differ rather
widely from the rated values. Air condensers will
where
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Measuring Antenna Capacity
C. Connect a coil in series with the antenna
and groundThen
and remove
"click" into
the wavemeter
or the
detector.
the antenna
and ground
wires and connect across the coil a variable concapacity isuntil
known,
or can isbeobtained.
obtained. Tunedenserthewhose condenser
resonance
Then the capacity of the condenser is the same as
the capacity of the antenna.
Measuring Antenna Inductance
D. Connect a known inductance in series with the
antenna and ground and measure the wavelength of
the system.
Thenfromconnect
another
inductance,
different in value
the first,
and get
a new value
of wavelength.
Then
the
two
wavelengths
are
related as below:
(wavelength) 1 = 1.884 Y(L + La) C, = Xi
(wavelength) 2 = 1.884L, X?V(U + La) Ca = X2
U X?
where Ca
La == antenna
antenna inductance
capacity
Eliminating Ca from these two equations, gives
Xf — \l
Problems
1. Two condensers
capacities are 400
= whose
mmfd. and 500La mmfd.,
respectively, are across
two inductances. Both combinations tune to the
same frequency. What is the ratio of inductances?
If the inductance across the 400-mmfd condenser
isthe300other?
microhenries, what is the inductance across
2. What is the inductance of the coil used in the
experiment which produced Fig. 2?. What is its
distributed capacity? What is its natural wavelength?
3. If the wavelength of a circuit varies as the
square root of the capacity, what must be done to
the capacity in a circuit to double the wavelength?
If the wavelength varies as the square root of the
inductance, and if the inductance varies as the
square
wavelength
related oftothethenumber
numberof ofturns,
turnshowonis athecoil?
That, is,
if a coil has 30 turns and tunes to 300 meters, how
many turns are necessary to tune to 600 meters?
4. A coil to tune over the broadcast band has 75
turns. It is used with a 0.00035-mfd. condenser.
How many turns, approximately, will be needed
if the condenser is 0.0005 mfd.?
5. A coil-condenser combination tunes to 450
kc. when the capacity is600 mmfd. When an unknown
condenser
is placed
series
the value
condenser,
the circuit tunes
to 600in kc.
Whatwithis the
of the
unknown capacity?
6. An antenna tunes to 300 meters when 200 microhenries are in series with it, and to 400 meters
when thehenries.inductance
is increasedof tothe300antenna?
microWhat is the inductance
Bemembering that the antenna inductance is in
series
with the "loading"
inductance,
that the
total inductance
in the circuit
can beandcalculated
by adding the individual inductances, what is the
capacity
length? of the antenna? What is its natural wave7. An antenna has a natural wavelength of 400
meters and a capacity of 0.0003 mfd. How would
you reduce the natural wavelength to 200 meters?
8. The LC product of a coil and condenser to
tune to 220 meters is 0.01362 mfd. If the distributed capacity of the coil to be used plus the
minimum capacity of the variable condenser
amounts to 50 mmfd. what is the necessary inductance? What will be the tuning range if the maximum capacity of the condenser is 0.00035 mfd?
Table I
Wavelength
100
45000
212
Co 200
MMFD
(Wavelength)
2
283
80000
300
340
132000
350
364
115000

THE

SERVICEMAN'S

SERVICEMEN have not been slow to
write us of their unqualified approval
of "The Serviceman's Corner." And
what is more, they have sent us a great number of excellent contributions, many of which
appear in the paragraphs below. We welcome
contributions, all of which, if accepted, will be
paid for at space rates.
Melvin L. Shook, of Shook & Jones, Akron,
Ohio, writes that a large proportion of their
service calls are on old sets. "So far, our experience on the a.c. sets has largely been the
replacement of tubes. One of our greatest
difficulties is in securing circuit diagrams of
standard receivers which we are called upon
to service It eliminates a lot of work when
you have the diagram with the constants to
go by. As practising servicemen we are constantly called upon to service all types of sets.
Consequently, we greatly appreciate your
'Service Data Sheets on Manufactured Receivers.' "
It is doubtless true that a large amount of
service work is not done by the dealer from
whom the set was purchased. Service organizations and individuals doing service work will
be wise to collect systematically all the data on
all types of sets which turns up from any
reliable source.
How to Tell Failing Rectifier Tubes: Failure
of the rectifier tube is best indicated by a decrease inthe plate voltage supplied to all tubes
in the receiver. It may be distinguished from
failure in the last audio tube by comparing
the voltage readings obtained on the remaining tubes with the plate voltage reading on the
power tube. When the rectifier tube is at
fault, all readings will be low; when the power
tube has failed, all readings will be high.
E. T. Cunningham Inc., inform us that the
average life of the cx-381 is 1000 hours or
more when the transformer voltage does not
exceed 700 volts and the plate current is
limited to 85 mA. maximum. Tubes of this
type operated from transformers not made
recently may be operating out of 750 volts,
with a resulting lessening of tube life. Another important precaution is operating the
filament at its rated voltage. The tolerance
here is not greater than plus or minus 5 per
cent, (see Radio Broadcast for January,
1929, page 181.)
Replacing a Fixed Condenser in A. K. Sets:
"I have had considerable difficulty in procuring a condenser of proper physical dimension toreplace the fixed by-pass condenser
in Atwater Kent sets," writes G. A. Thurling
of Springfield, Massachusetts. "This condenser breaks down, shorting the B-power
circuit and making reception very weak, or
altogether impossible.
"The fixed condenser used in a Ford ignition spark coil makes an excellent substitute.
Discarded Ford coils may be purchased for

CORNER

These pages mark the third appearance ofour special section for the practising serviceman. To say that this
department has been enthusiastically
received would be putting it mildly.
Scarcely any innovation in Radio
Broadcast in the last five years has
attracted so much favorable comment.
We are welcoming carefully considered
contributions which, if accepted, will
be paid for at our regular rates. A
number of contributions describing set
testers have been received and we are
not at present in terested in others unless
they are designs of great originality
and especial merit. Contributions are
especially desired which describe the
solution of especially baffling problems
encountered which service manuals do
not cover and similar items calculated
to be of the widest interest to others
working in the field. Typewrite your
contributions and address them to the
Editor, Serviceman's Corner, Radio
Broadcast, Garden— City,
York.
The New
Editor.

as little as twenty-five cents at most Ford service stations. This condenser fits snugly in
place of the usual condenser in Atwater Kent
models."
Testing a.c. plate voltage: Servicemen testing the plate voltage on tubes operated from
a.c. often make the mistake of placing their
voltmeters across the B supply just as they
would in a d.c.-operated amplifier, for example. This does not give the true plate
voltage, but the plate plus the grid voltage.
In order to read the true plate voltage of an
a.c. -operated tube, especially where the tube
gets its C bias by the plate-current drop
through a resistor, the meter must be con-

i Voltmeter
across'here >.j
(220reads'
Volts Ep+for AEc
171)
Fig. 1 — These diagrams show hoiv
to measure accurately the plate
and grid voltages
in a.c. -operated
receivers
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nected
the plate terminal
terminal of
of the
socket between
and the filament
this tube's
tube.
It does not matter which of the two filament
terminals is used. See Fig. 1.
Increasing Response on the Longer Wavelengths: My contribution is on the subject of
boosting volume on the long-wave end of the
dial on sets employing a resistor across the
grid and ground as an untuned coupler for
preventing the length of the antenna used
from affecting the gang control of the radiofrequency stages following. Such sets as the
Aero Seven, Graybar 310, R. C. A. Models
16, 17, 18, Knight 6-7, Monroe 8-9, and many
others can be improved with this simple kink.
Take any solenoid coil such as is used to cover
the broadcast band in conjunction with a
0.00035-mfd. condenser and connect one end
of the coil to the antenna post of the set and
the other end to the ground post. Coils having
a diameter greater than two inches seemed to
work best. Some old Lorentz wound coils
out of an ancient Freshman Masterpiece set
worked excellently. The primary coil was
ignored, but care was taken that the ends did
not short. The results were not so good on two
Atwater-Kent sets the coils were tried on.
probably because A.K. uses a choke instead
of a resistor across the antenna and ground.
The most effect of the coil in all cases was on
the long
waves,
where most one-dial sets
need
a little
morejustenergy.
— J. P. Kennedy, South Bend, Indiana.
Interference Elimination: In one locality a
great deal of motor noise was picked up by
a Radiola 18 and it was found that by removing the ground the trouble was reduced to
such an extent that it was not objectionable,
while in another case with the same type of
receiver the trouble seemed to be due to a
faulty ground. When a wire was shunted
across the water meter the interference practically vanished and the volume picked up at
least 50 per cent.
— K. R. Tantlinger, Cumberland, Md.
Trouble in a Radiola 17: Operation would be
normal for about twenty minutes then a
tremendous noise would drown out the signal.
This noise would continue and then normal
operation would obtain. Tubes were tested
and proved in good condition, but as an additional precaution were tested in another
set. Routine tests for continuity were made,
showing proper results. The trouble was
finally remedied by replacing the grid condenser. The condenser after removal was tested
for a short circuit with 250 volts, but it
showed no current, passage. As I was unable
to disassemble it without injury, I do not
know what the trouble was. [The test made
would indicate a short circuit, but not an
"open." It is just possible that the mica
grid condenser in question had an open cir-

-ip
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Condenser
Block
^ 25or Watt
Lamp
v#
Ammeter
110 VAC.

I

J

2 m.
Fig. 2 — Method of determining approximate capacities of various
units in a condenser block.
cuit which could not be shown by 250-volt
test. — Editor.}
— W. C. Roemer, New Haven, Connecticut
Testing Condensers: Several days ago in
building up a power amplifier, I tore down an
old power unit in order to salvage the condensers.lost
I track of the various leads on the
condenser bank and was faced with the problem of finding a quick and easy method of
deterrninining the common ground and the
various capacity leads. I finally hit upon this
scheme: The two leads from the 110- volt a.c.
main are connected in series with a 15- or 25watt lamp and the condenser to be tested.
See Fig. 2. Since a.c. is employed, some
current will flow. The amount which flows
depends on the capacity of the condenser.
The glow of each section was compared with
the glow using a standard 2-nifd. condenser.
In this way I could determine not only the
ground lead or common lead, but also the
approximate capacity of each section. If an
a.c. ammeter is available, a much more accurate check can be made. For an ordinary
condenser bank, however, the lamp method is
quite satisfactory.
— Karl F. Oerlein, Philadelphia, Pa.
Common A.C. Receiver Troubles: The simple
chart below lists some of the most frequently
encountered troubles in a.c. receivers. The
chart is not exhaustive by any means, but
may suggest to others ways of organizing
service information which they have or may
gather in the course of their work. The use of
this chart in conjunction with a good set
tester, such as Jewell, Weston, Supreme, will
enable the serviceman to locate quickly the
defective part or condition.
For causes refer below to:
Symptoms:
No Filament Voltage
No. 1
No Grid Voltage
No. 2
No
Plate
Voltage
No.
3, 4, 5, 6, 7
Voltage with little or no current in
Plate Circuit
No. 8, 9
Excessive Plate Current
No. 10
Causes:
1 — power
Loose transformer
terminals, poor
soldering, open or shorted
winding.
2 — Open
gridtransformer
suppressor,secondary.
open divider resistor, open
a.f. or r.f.
3 — Open divider resistor.
4 — Open r.f. primary.
5 — Open a.f. primary.
6 — Shorted by-pass or filter condensers.
7 — terminals.
High-resistance connections, open leads, or loose
8 — Low-emission tube.
9— Defective socket, dirty contacts.
10 — voltage,
Open a.f.defective
or r.f. gridtubes.
circuit, no bias, excessive plate
Carlton W. Croteau, Mount Carmel, Conn.
Shooting Trouble on Atwater Kent No. 20:
Having made many service calls on Atwater
Kent model 20 sets, two main sources of

trouble stand out: blown out by-pass condensers, and blown resistors. To test properly for
these troubles, a regular set tester is desirable,
but if none is available, a high-resistance voltmeter (1000 ohms per volt) should be used.
Test the plate voltage on each of the r.f.
sockets. If there is no plate voltage, remove
the set from its cabinet and make a circuit
tester from a high-resistance voltmeter. See.
Fig. 3. If the condenser passes a steady
voltage, it should be replaced. To test the resistors, the set must be removed from the
cabinet and tested with the meter arrangement suggested. My experience has shown
that in nine out of every ten service calls on
this set these two tests made in this way will
locate the trouble. — F. D. Mitchell, Collingdale, Pennsylvania.
Humhad intwoMoving-Coil
Speakers:
"I
have
a.c. PeerlessLoud
dynamic
speakers
which hummed badly, due apparently to
feedback on the 8-volt a.c. links, " writes L.
A. Moss of Los Angeles, California. "A
4000-mfd. dry "A" condenser stopped it, so
that there is now no hum at all. Fig. 4 shows
the method of connection. [The suggestion is
excellent, but the reason for the hum is not
correct. Hum in a.c.-operated moving-coil

Light Association pamphlet a close second.
The RMA pamphlet is also good.
{If The
bound volume
of Radio
Rroadcast's
Laboratory
Data Sheets
contains
a great
deal of useful informat ion for radio servicemen.
Many have written us ordering extra copies
for use in the field, and, even though the book
has been on sale for little more than a month,
thousands of orders have been filled from
servicemen. If your newsdealer does not have
the Sheets orders can be sent directly to the
Circulation Department, Doubleday Doran
& Co., Inc., Garden City. Price, one dollar.
{If In a recent article in this magazine by
R. R. Alcorn, the use of test prods was discussed. While made-up prods can be had,
Mr. Alcorn advises that those he used were
made in his shop. He bought fibre tubing with
an inside diameter about the size of the average pin jack. The Weston Electric Instrument
Company, Newark, N. J., supply with some
of their meters a long-pointed prong. Extra
prongs can be had from Weston. These were
slipped inside the tubing and flexible leads
soldered to the far end. And so you have perfectly satisfactory prods which are really
invaluable for service work in the field or on
the shop bench.
{]f The
Deutschmann
Canton, Tobe
Massachusetts,
have Company,
been supplying
for some time devices for interference reduction and elimination. Mr. Deutschmann writes
that in addition to the apparatus they have
for sale, the engineering department of the
company is glad to lend its aid in helping to
solve immediate interference problems which
present themselves. Inquiries should be sent
direct to Mr. Deutschmann at Canton.
Tobe Deutschmann now make the following
devices for interference work: radio interference filter No. 1 (large capacity condensers
connecting across the supply fine), filterette
No. 22 (metal box containing fuses, condensers, etc.,), filterette No. 31 (for sign flashers).

Fig. 3 — A high-resistance voltmeter
and battery provide an efficient
circuit tester
speakers is due to the fact that the rectifiers
employed do not supply pure d.c, but a
pulsating direct current. Placing a condenser
across the field cuts out much of the ripple and
the field is therefore supplied with current
more nearly pure d.c. — Editor.]
Items of Interest
1X/TANY servicemen are called upon to
-L* J- remedy interference due to oil burners,
mechanical refrigerators, leaky power lines,
door bells or the neighbor's pet dog. We have
answered many requests from men in the field
as to what printed matter is available on the
solution of interference problems. These are
the references:

{]J AKolster
dealerRadio
in Manhattan,
Kansas,
Company informs
us, the
got
good radio reception where it seemed almost impossible in a downtown building.
A motion-picture theatre wanted to receive
a particular broadcast and reproduce it in
the auditorium through Kolster movingcoil reproducers. A special telephone line was
secured, connecting the theatre and the home
of G. W. Livingston, the local Kolster representative. AKolster K-20 set was installed
and its output transmitted over the telephone
line to the theatre where the reproducers
were connected. This bit of initiative brought
credit to the dealer, the set, the theatre, and
unquestionably made some set sales.

"Suppressing
Radio
Interference,"
by A. 1927;
T. Lawton
Radio
September,
November,
January Broadcast,
and March, 1928.
35 cents
each. Circuits
and
methods for solving every kind of interference problem.
Order copies from subscription department, Doubleday
Doran & Co., Inc., Garden City, New York.
Radio Interference Problems, a bulletin. National
Electric Light Ass n., 420 Lexington avenue, New York
City, 60 cents each.
Radio Interference, Casey. Distributed by Radio
Manufacturers
Chicago,
Price 25Ass'n,
cents. 32 West Randolph Street,
The information from each of these sources
does not differ greatly. In our opinion, the
Radio Rroadcast articles by Lawton are the
most complete, with the National Electric
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Fig. 4 — Hum in a.c.-operated dynamic loud speakers may be recondenser.
duced by use
of a 4000-mfd "A"

Interesting

AN

ECONOMICAL

By
AN INEXPENSIVE receiver with a
/-% plate-current consumption low enough
to permit economical operation from
dry-cell batteries should appeal to those living
in districts so remote from power lines that
light-socket-operated receivers cannot be
used. Those who would like to build this type
of receiver also require that it provide good
quality, sensitive, and selective enough for
ordinary reception, and that it cost not more
than about $40, exclusive of tubes, batteries
and loud speaker.
Such a set has been built up in Radio
Broadcast's
and is
and described Laboratory
in this article.
Theillustrated
feature,
which more than anything else contributes to
the low current consumption of the receiver,
is the resistance-coupled audio amplifier, since
the plate current drawn by the high-mu tubes
is not more than about 0.2 milliamperes per
tube. The power tube is a 112a and the r.f.
amplifier and detector tubes are 201a's. The
plate-current consumption of the entire receiver is 10 milliamperes, and with this load
the three heavy-duty B batteries required for
the operation of the set should have a life of
about 500 hours, the equivalent to about a
year's operation if the set is used a couple of
hours each day. The total drain of 10 milliamperes required for the operation of the set is
divided between the various tubes as indicated below.
PLATE CURRENT
2.0 mA.
201a r.f. amplifier
0.5 mA.
201a detector
0.2 mA.
240 first a.f. amplifier
0.2 mA.
240 second a.f. amplifier
7.0 mA.
112a power tube
Total

9.9 mA.

The circuit diagram of the receiver is given
in Fig. 1. The set consists of a stage of
tuned radio-frequency amplification, a regen-

Design

Data

on

BATTERY-OPERATED

SET

HOWARD
E. RHODES
Technical Editor

Vieiv of receiver installed in an attractive ivalnut cabinet
erative detector, and a three-stage resistancecoupled amplifier. The two tuning condensers
are Ci and C2, and C4 is the neutralizing conThis receiver, which has more to
recommend it than neat appearance,
should interest those who are unable
to use the power lines as a source of A
and B potential. The A potential must
be supplied from a storage battery, and
with this design it is really economical
to operate this outfit from B batteries.
The total current consumption is not
more than 10 mA. With average use
this means that a set of B batteries
should last about a year, The cost of the
essential parts does not exceed $40
which should make this set even more
interesting !
— The Editor.

Top view shows arrangement of parts on baseboard
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denser. Regeneration is controlled by the
tickler coil, L5. Coil specifications, which will
enable those who so desire to build their own
coils, are given in Fig. 2.
The circuit of the resistance-coupled amplifier isperhaps somewhat unusual. Such amplifiers frequently have a tendency to " motorboat" and to prevent this filter circuits have
been placed in the plate circuits of the detector
tube and the first- and second-audio tubes of
this receiver. In the detector plate circuit the
filter consists of C7 and R3, in the first audioamplifier circuit the filter is Cs and R3, and
in the second amplifier circuit, C9 and Rj
comprise the filter. In these filter systems, the
condensers C7, Cs, and C9 provide low-impedance paths directly from the plate circuits to
the filaments, so that all the currents flow
through these condensers, rather than through
the resistors Ri and into the B batteries where
they might cause common coupling which
would result in oscillations or "motorboating."
These filter systems will prove especially advantageous when the B batteries become old
and their resistance increases as this tends
ordinarily
"motorboating."
In thea
Laboratoryto itproduce
was found
possible to place
resistor of 1000 ohms in series with the negative B lead before the amplifier began to
"motorboat." This value of resistance would
correspond to a resistance of about 333 ohms
per battery and when the resistance reaches
this value the batteries have long since passed
the end of their useful life.
The plate resistors, Ri, used in the amplifier
each have a value of 250,000 ohms and the
grid resistors, R2, all have a value of 2 megohms. The coupling condensers, C6, have a
value of 0.005 mfd. These values of resistance
and capacity yield a satisfactory frequency
response. However, those who feel that the
decrease in response at 60 cycles is too great
may improve the response at this frequency
by using larger coupling condensers.
When a detector is followed by a resistancecoupled amplifier it is quite important that

RADIO BROADCAST
none of the r.f. currents in the plate circuit of
the detector tube are permitted to pass into
the audio amplifier. For this reason there is
included in the plate circuit of the detector
the r.f. choke coil, L6, and the small 0.0002mfd. by-pass condenser, C5. These two units
comprise a filter system which causes the r.f.
currents to pass directly back to the filament
of the detector tube but which does not prevent any of the audio-frequency currents from
passing into the audio amplifier.
The receiver contains two tuned circuits,
L2Ci and L4C2. Were it not for the fact that
regeneration was incorporated in the detector
these two tuned circuits woidd not give sufficient selectivity. By means of the regeneration
control, however, it is possible, when necessary, to bring up the selectivity to a point
where satisfactory discrimination between
different stations is obtained readily. The
various taps are placed on the antenna coil, Li,
so that when the set is first placed in operation
reception may be checked with the antenna
connected to the different taps and the lead
can be soldered finally to that tap giving the
most satisfactory combination of sensitivity
and selectivity. The volume control consists of a
variable resistor, R6, connected in the filament
circuit of the r.f. tube.
Output Arrangement
HPHIS receiver has been operated in the
JL Laboratory with a il2A-type output tube
feeding into a good moving-coil loud speaker,
and excellent quality was obtained at moderate volume. If more volume is desired a 171atype tube may be used with 135 volts on the
plate and a 27-volt C bias. Under these conditions the latter tube will deliver about 330
milliwatts of undistorted power as compared
with about 120 milliwatts which is obtained
from a 112a tube with 135 volts on the plate
and a C bias of minus 9 volts. The only disadvantage ofusing a 17lA-type tube rather than
a 112a is the increased plate current drain
which will raise the total load on the B batteries
from 10 mA. with a 112A-type tube to 19 mA.
with a 17lA-type tube. With the latter tube
the batteries will, therefore, have a life of
about 250 hours. We feel that in most cases
the 112A-type tube will prove satisfactory
although, if sufficient volume is to be supplied
for dancing, for example, then it will probably
be necessary to make use of a 17lA-type tube.
In operating this set in the Laboratory it

was interesting to note how clearly defined is
the overloading point of the resistance-coupled
amplifier. When using transformer-coupled
amplifiers a certain small amount of overloading may exist on peaks without experiencing
serious distortion, but with a resistancecoupled amplifier even slight overloading
tends to make the tubes block so that reception is practically ruined. All this simply

L2- 50 Turns No.24
L3- 40 Turns No.32
L ) - 15everyTurns No.28 tapped tapped at center
5 turns
L4- 50 Turns No.24
L5- 50 Turns No.32
Fig. 2 — Coil Specifications for
battery set
means that in operating the set the volume
control must be kept at a point low enough to
prevent overloading. Incidentally, the plate
and grid voltages supplied to the first- and
second-audio tubes are such that these tubes
will not overload if called upon to supply a
peak potential of about 50 volts to the grid of
the power tube. It follows, therefore, that the
amplifier has more capacity than necessary
to supply either a 112a- or a 17lA-type tube,
since the latter tube (with a C bias of 27 volts)
doesn't require a peak potential of more
than 27 volts on its grid.
The model of this receiver which was constructed isillustrated in the various pictures.
The baseboard is 10 inches deep and 20 inches
long and the panel is 7 inches high and 21
inches long so the set will fit in any of the
standard cabinets which are generally 21
inches long and about 12 inches deep. The
various parts which make up the set are
lettered on the circuit diagram, Fig. 1, to
correspond with the lettering in the pictures
and in the list of parts. With these data it will
not be difficult to locate the various units on

the baseboard and to lay out the panel. The
drilling templates supplied with the Render
drum dials are used in locating the various
holes on the panel. The volume-control rheostat, R5, the on-and-off switch, and the regeneration control may be placed as indicated
in the pictures. In starting the construction
of the receiver, the coils and condensers should
be placed on the baseboard first, their corresponding position relative to the panel determined, and the latter drilled as indicated
above. The various sockets, resistor mounts,
and condensers are then mounted on the baseboard. The cable connector is located along the
rear edge of the baseboard.
The tuning of this receiver should not be
difficult. To tune-in a station regeneration
shoidd be increased until the detector circuit
oscillates, the carrier wave should be tuned-in
by locating a heterodyne squeal, and then
the first condenser may be tuned to resonance. Maximum selectivity will be obtained
when considerable regeneration is used in the
detector circuit; therefore, in those locations
where great selectivity is required it is advisable to operate the set with some regeneration, reducing the volume if necessary by
means of the volume control.
Parts Required
THE
the model
this parts
articleused
are in
named
below. illustrated
Other partsin
electrically equivalent may, of course, be substituted ifdesired. The complete list follows:
Ci, C2 Two Render condensers, 0.0005-mfd.;
C3
Polymet grid condenser,
C4 One
One Hammarlund
neutralizing 0.00015-mfd;.
condenser;
Cb One Frost fixed condenser, 0.0002-mfd. ;
C6 Three Frost fixed condensers, 0.005-mfd.;
C7, L2C8, One
C9 Three
Polymet antenna
by-pass coil.;
condensers, 1-mfd.;
Li,
Hammarlund
La,
L4,
L5
One
Hammarlund
coil,
type
TCT-23;250;
L6 One Hammarlund r.f. choke, type R.F.C.
Ri Three Daven Glastors, 0.25-megohm;
R2 Three Daven Glastors, 2-megohm;
R3 Three Daven Glastors, 0.1-megohm;
R4 One Frost fixed resistance, 0.8-ohm;
Rs One Daven Glastor, 2-megohm;
R6 One
One Frost
YaxleyFilament
filamentswitch;
rheostat, 15-ohm;
SFive
Frost sockets;
One Frost cable, type 780;
One Frost cable connector, type 781;
One coil Frost hook-up wire;
One Micarta panel, 7 x 21-inch;
One Baseboard,
x 20-inch;
Two
Render drum10 dials,
type 40;
Four Fahnestock clips.
The total cost of the parts listed above is
not more than $40.00.
The following accessories are required:
Two 201\-type tubes;
Two 240-type tubes;
One 112A-type tube;
Three Eveready heavy-duty B batteries;
Two Eveready C batteries, 4i-volt;
One
battery, 6-volt;
One Storage
Loud speaker.
The set described in the preceding paragraphs was constructed as a result of requests
from many readers for data on a receiver that
might be operated economically from B
batteries. Those who desire such a receiver
but who, perhaps, do not want to go to the
trouble of constructing one will be interested
in the Eveready receiver. This set contains six
tubes, is single controlled, and uses 240-type
high-mu tubes throughout, except in the
power stage where a 112a- or a 17lA-type
tube is recommended. This Eveready receiver
contains three stages of r.f. amplification, each
stage of which is neutralized and shielded.
The detector is followed by a resistancecoupled
tubes or amplifier.
batteries. The set fists at $85, without

Methods

VOLUME

THE modern radio receiver has three
controls on the panel — the tuning dial,
the on-and-off switch, and the volume
control. The electrical position of the first
two controls is fixed — the on-and-off switch
always is connected in the power circuit and
the tuning dial always controls to the tuning
condensers. The volume control, however, may
be located at many different points in the
circuit.
From the standpoint of volume control a
radio receiver might be divided into two main
sections. In one section we place all the
apparatus between the antenna and the input
to the detector and the other section includes the circuits from the output of the detector to the loud speaker. Let us consider
first the former section and determine at
what points a volume control might be located.
The First Section
THE

first section mentioned above, consisting ofthat apparatus between the antenna and the input to the detector, is actually the r.f. amplifier and so discussion now
centers around where the volume control
might be located in such an amplifier. In
Fig. 1 we show seven diagrams of different
parts of an r.f. amplifier system and each
drawing indicates a different location for the
volume control. Diagram a shows the volumecontrol resistor connected between antenna
and ground. Sketch b shows the volume control connected across the primary of one of
the r.f. transformers, in c the volume control
is connected in series with the ground lead,
and in d it is across the secondary of an r.f.
transformer. In e the volume control is across
the secondary of the r.f. transformer feeding
the detector tube, and in f the volume control
is a rheostat in the filament circuit. Diagram
G shows a variable resistor, R, in series
with the plate circuit of an r.f. tube and
this provides another method of controlling volume. The characteristics of these
various arrangements are briefly given
below.
Arrangement A: This control is used
in many receivers and is considered quite
satisfactory. Its one disadvantage is that
when the control is adjusted to a point
where its resistance is quite small (to obtain alow output from the loud speaker)

of Arranging

CONTROL

SYSTEMS

the shunting effect of this resistor may lower
the selectivity of the first r.f. transformer.
Since, however, the volume is cut down when
listening to powerful local stations, selectivity
is not especially important and this is not a
serious drawback. This volume control arrangement may be considered satisfactory.
Arrangement B: This arrangement is
practically the same as A except that the resistor isconnected across the primary of one
of the interstage r.f. transformers. This control may also be considered satisfactory.
Arrangement C: With the volume-control
resistor connected in series with the antennaground circuit, as in this arrangement, minimum volume is obtained when the volume
control has a maximum value of resistance.
This control will not tend to decrease the
selectivity, but in many cases it has the disadvantage of making it impossible to bring
the volume to absolute zero.
Arrangement D: Connecting a resistor
across the secondary of a tuned circuit is
i: il li. ii im ii ■ urn in" HI
Table I
Resistance
Manufacturers
Arrangement Required
5000 ohms Carter type TP-5M,
Frost type 1897
Cartertype
type1898TP-10M,
10,000 ohms Frost
100,000 ohms Bradleyohm type E,
Carter type
Centralab
type11,100M,
stat type
Universal
type,
Frost
1891, ClaroElectrad Tonatrol
100,000 ohms Bradleyohm type E,
Carter type
Centralab
type11,100M,
stat type
Universal
type,
Frost
1891, ClaroElectrad Tonatrol
15 ohms Carter type IR-15,
Frost type 1815, Yaxley type 515,type,
Clarostat
Universal
trad Tonatrol Elec-

essentially similar to connecting a smaller
low-value resistor across the primary, as was
done in arrangement a, and both controls
have essentially the same characteristics.
Arrangement E: The input circuit to a
leak-condenser-type detector tube is generally
of much lower resistance than that of a tube
used as an r.f. amplifier; for this reason the
selectivity of the tuned detector grid circuit
is lower than the r.f. stages. Therefore, a
volume control may be connected across this
tuned circuit without materially impairing
the selectivity of the receiver.
Arrangement F: A rheostat in the filament
circuits of the r.f. tubes has long been a
standard type of volume control in batteryoperated sets. However, it cannot be used
with a.c. receivers, since it is not practical to
control the volume by varying the filament
currents of a.c. tubes. With the 226-type tubes
varying the filament current would tend
to increase the hum and in the case of the
227-type tube the electron emission from the
cathode does not follow instantaneously the
variations in current through the heater.
Arrangement G: This type of volume control, consisting of a resistor in series with
the B supply to the r.f. tubes, has been used
very satisfactorily in battery-operated sets
but cannot be considered a good control for
receivers operated from a B-power unit.
As the resistance is increased to reduce the
volume the current drain of the r.f. tubes
also decreases and, as a result, the voltage on
the other tubes in the receiver is increased.
In summary we would classify arrangements a, b, d, and e as satisfactory volume
controls for any receiver, arrangements a
and e being, in general, preferable. F is a satisfactory control for a battery-operated set.
C and g are unsatisfactory.
The Second Section
^SrOLUME controls in any part of the cir* cuit following the detector are generally
unsatisfactory, for they do not prevent
overloading of the detector tube when
receiving strong local signals and detector
overloading can produce serious distortion.
A safe rule is always to locate the volume
control at some point in the r.f. amplifier.
In Table 1 we have listed resistors made
by various manufacturers which can be
used satisfactorily as volume controls.

Fig. 1. — The volume of a radio receiver may be controlled in many different ways. The above diagrams
illustrate seven different systems which are used frequently
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our

readers

Uses for Damaged Meters
ntly had on hand two
THE writer rece
Weston model 425 thermo-ammeters,
reading up to 1.5 amperes, that had
been used as antenna ammeters. Accidental
overloads destroyed the thermo-j unction but
eter movements' undamaged.
galv
left theshow
that the movement gave a fulled anom
Test
scale deflection with a current of about 2
milliamps. The meters were accordingly taken
arded, and
apart, the thermo-junctions discatta
ched to
the leads from the moving coils
the external connecting posts of the meters.
One of the meters was then employed as the
oscillator
grid-current meter in the modulated dcas
t, a
described in June, 1924, Radio Broa
nichrome shunt of about ten ohms being
connected across the meter to provide a little
damping. Otherwise the meter would be
working practically on open circuit, and the
needle would oscillate freely owing to the
absence of electromagnetic damping, making
the observation of readings difficult.
The remaining meter was used as resonance
indicator in an absorption wavemeter for
transmitting work, the circuit of which is
Fig. 2. A "low-loss" coil and conshown in
denser form the tuned circuit. The meter in
series with a carborundum crystal, is tapped
nacross about one-eighth of the coil. Carboru
dum is used for two important reasons: it is
robust, holding its adjustment indefinitely,
and not being liable to burn out on accidental
overload; and it usually has a high resistance
of the order of thousands of ohms, so that it
does not unduly damp the tuned circuit,
which would make the point of maximum
For the
response very broad and indefinite.
same reason, the crystal and meter are shunted
tuned ciracross only a small portion of the
cuit, and in practice the instrument tunes so
sharply, especially on the shorter waves, as
to make a slow-motion control necessary for
comfortable working. It is quite sensitive,
giving a good deflection at 80 meters when
or at a disexcited by the modulated ofoscillat
ten ohms or so,
tance of a foot. A shunt
wound on a match-stick with fine nichrome
wire, is needed to steady up the needle, the
best value for which should be found experimentaly._
Fig.
A picture of the instrument is shown inndum
1. The writer used a crystal of carboru
set in solder in a cup, with a steel phonograph
needle attached to a stiff spring as the "cat), but no
whisker" (use plenty of pressure
doubt the commercial carborundum detector
cartridge would be quite satisfactory. The
connections to the meter may have to be
reversed to get the polarity right. No attempt
was made to calibrate this instrument in
wavelengths, in view of the possibility of a
fresh point in the crystal being needed
occasionally which might affect the calibration. The point of maximum response to the
transmitter is found, and the actual wavethe inlength isthen obtained byngremoving
strument without disturbi its setting, and
coupling it to a modulated oscillator, which

suggest
A Handy Connector

Broadof Radio
Thisisdepartm
month for the
utilizedenteach
cast
miscellaneous short
ation of
presentarticles
which are received from
radio
readers. These abbreviated manuscripts
describe "kinks," radio short cuts, and
economies that the experimenter runs
across from time to time and that can
be made clear in a concise exposition.
Although some of these notes have been
submitted by engineers and professional writers, the editors particularly solicit contributions from the
average reader. All material accepted,
including photographs, will be paid
for on publication at our usual rates
with extra consideration for particularly meritorious— ideas
The Editor.

has been carefully calibrated, and is kept as a
standard wavemeter.
F. G. Cannine, Melbourne, Australia.
High-Frequency Tuning

Radio Broadcast numerI HAVE read t inarticle
s on short-wave recepous excellen
tion and transmission. In most receivers the
tuning condensers specified are usually of
0.00014 mfd. capacity, or thereabouts. For
easy tuning, especially on the very short
wavelengths, a small capacity condenser is to
er I use a 50-mmfd.
be preferred. In my receiv
General Radio midget condenser cut down to
mmfd.), and I finds this
4 plates (aboutall 12bands
from 18 meter up
sufficient for
r isn't
plitti
to above 85. A hair-s ordinangry vernie
4-1 vernier
necessary, and with an
the tuning is not in the least critical.
Harry F. Washburn, Jr., New York City.

view of home-mader
Fig. 1 — External resonan
ce indicato
wavemeter. The
is a d.c. milliammeter.
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finds it desirable
menter
the t experi
OFTE
pairs of headphones
several
to Nconnec
in series, or to make other temporary con-to
nections. Itusually takes considerable time
connect the phone tips, and I have hit upon a
plan which greatly simplifies the process.
I carefully removed the clips from several
discarded B batteries and placed them in my
tool box. Whenever it is necessary to connect
two phone cords or wires all that is necessary
to make a tight connection is to insert the
tips into the clip from opposite sides, and the
connection is tight until you are ready to release it.
Irmel N. Brown, McAfee, Ky.
Increasing Charging Rates

two-ampere
Rectigon
NGA
ATU
r Rcan or
up to
to charge
be made
charge
outer
the
ing
remov
by
simply
es
amper
three
cover or shield. This metal shield around the
transformer absorbs considerable energy,
on cover on the
particularly
on. the old-type cast-ir
Rectig
To give the battery a quicker charge,
cover.
the Barrows,
simply remove
R. B.
Portland, Me.
STAFF COMMENT

The same applies to six-ampere chargers.
inThe charging rate may be still further
creased (apparently without damage to the
the
tube) by remounting the elements of also
charger on a wooden base. This will
eliminate most of the noise associated with
many commercial types of tube rectifiers.
Home Broadcasting
IT ERE is a surprisingly simple and inexpensive way of converting your present
radio set into a speech amplifier or publicaddress system. Such an outfit is not only
amusing for use in the home but has many
valuable applications for special events,
large gatherings, etc.
A single open-circuit jack is wired across
s of
the grid and negative filament terminal
the detector tube socket, into which the leads
from the microphone transformer are plugged.
In this way the detector tube functions as the
additional stage of audio-frequency amplification desirable for best results with a micro-

The microphone in this case is a standard
and the transformer
telephone transmitterbellring
phone.
ing transformer.
is a Jefferson No. 1603
from the transleads
primary
t
110-vol
The
former are connected to a regulation loudspeaker plug and inserted into the jack
connected to the grid circuit of the detector
tubes. The telephone transmitter, with 3
batteries in series, is constandardnecteddry-cell
across the two outside binding posts
(the terminals of the 18transfo
on the
ry rmer
volt
seconda
winding).

each other, with a gap of 2V between them.
The leads from the antenna and the ground
are connected to the terminals on the strip. A
heavy discharge of lightning will jump the
gap and will not injure the receiver.
Edward Piranian. Philadelphia, Pa.
Fig. 2 — Circuiticavemeter
diagram of absorption
This arrangement will be found to have
excellent voice-frequency characteristics and
the output will be very lifelike and natural,
depending of course upon the quality of your
audio amplifier. As the microphone is very
sensitive it must be placed some distance from
the loud speaker, preferably in another room
if used indoors, to prevent mechanical feedback and squealing. A volume control in the
audio amplifier will be found helpful in controlling the output as well as any tendency
to squeal due to proximity of microphone
and loud speaker.
T. F. McDonough, Los Angeles, Cal.

An Emergency Output Circuit
A SIMPLE emergency repair of a set in
which the primary of the output transformer had burned out was accomplished as
illustrated in Fig. 4. The secondary of the
transformer was connected as a choke coil
and the loud speaker fed through a 2-mfd.
condenser. The primary was left unconnected.
at points marked
andBreak
make connections
the new connections
indicated"X"
by
dotted fines.
As the repair was an emergency one, -and
some doubt was felt about the particular
condenser at hand standing up under the
voltage applied to the last audio tube, the
return from the loud speaker was connected
to the B-plus side of the choke, so that the

STAFF COMMENT
Mr. McDonough is perhaps a little tolerant
of the quality in the arrangement he describes
— which by the way, works nicely. However,
the standard telephone microphone, aside
from being the property of the Bell Telephone
Company, is hardly partial to the frequency
requirements of good loud-speaker speech
reproduction. Much better quality will be
secured by plugging the winding of a horntype loud speaker into the jack provided
in the detector circuit — without a transformer
of any kind. The loud speaker is used as the
microphone. You may speak into the horn,
or the horn can be removed and a small mouthpiece substituted. No batteries are used. The
loud-speaker unit functions as a magnetic
microphone, and will output excellent quality.
A Simple Wire Shield
"Our Readers Suggest — " for last November contains a contribution on reducing hum
in a.c. sets by running the a.c. leads in
grounded bx cable. Another and perhaps
easier way of securing the same results, is to
wrap the leads in "talking tape," and grounding as usual.
"Talking tape" is the familiar indoor
antenna tape.
H. Cranston Jones, Brooklyn, N. Y.
A Simple Lightning Arrester
AN EFFICIENT lightning arrester may be
made from old phonograph needles. Obtain a small piece of bakelite and mount on
it two strips of brass copper or other metal.
The strips may be held in place by two terminals, as shown in Fig. 3. The phonograph
needles are soldered on to each strip, towards
Bakelite

Solder

To Ground

Fig. 3 — Old phonograph needles
may be used in the construction of
a practicable lightning arrester.

Screw
driver

Loud Speaker

Fig. 4 — Diagram shows method of
using burnt-out transformer as
an output choke.
B supply would
not be short-circuited if the
condenser
did blow.
If a condenser of proper voltage rating is
used, the return may be connected to the
negative filament or to the center-tap connection ofthe filament transformer secondary
if the tube is lighted from a.c.
John O'Donnell, The Bronx, N. Y. C.
STAFF COMMENT
This department receives more suggestions
on output arrangements than on any other
phase of receiving technique. The editor
considers that this is indicative of unusual
interest in the subject, and so will continue
to publish the majority of such contributions,
even with the possibility of an occasional
duplication.
High-Resistance Voltmeter
THE high-resistance voltmeter is second
only to output devices in contributions
to this department. The following suggestion is submitted by D. J. Valentine, of
Bangor, Me.
The average radio fan or set-builder seldom
can afford the price of a high-resistance voltmeter, although there are many occasions
where the use of such an instrument is practically anecessity. For best results the B
voltage applied to the plate circuits from a
power-supply system should be adjusted
carefully with a high-resistance meter, instead
of by guess work, as the average fan must do.
The voltmeter described below was made by
the writer at a cost of less than $10.00, and it
• februarj , 1929
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Fig. 5 — Bending the plates at the
right-hand side of the condenser
affects tuning on both long and
short waves, while bending them
at the left-hand side will affect only
the long waves.
has a resistance of 1000 ohms per volt, which
means that only 1 mA. is drawn for full-scale
deflection. The parts were mounted on a small
piece of rubber panel, with the necessary
binding posts, and the whole enclosed in a
cigar box which was covered with artificial
leather.
The meter is a milliameter with a range of
0-1 milliampere and the resistors are Daven
" Davohms " of 200,000 and 500,000 ohms. The
resistors are guaranteed accurate within plus
or minus 1 per cent. By throwing the singlepole, double-throw switch (such as a Yaxley
Antenna Switch No. 11), either the 200,000ohm unit or both units are thrown in series
with the meter (Fig. 6), and the range becomes
0-200 or 0-700 volts accordingly. Of course,
other values of resistances may be used, and
the range of the instrument extended to 1000
volts or more. The accuracy depends on the
accuracy of the meter and of the resistors.
If desired it may be calibrated with a standard
although the one built by the writer proved
to give sufficiently true readings for all ordinary uses.
STAFF COMMENT
The voltage will always equal the reading
on the meter divided by 1000 times the resistance in series with it.
Balancing Gang Condensers
THEBE are many instances, particularly in
factory receiver construction, where trimmers are not provided to compensate tuning
discrepancies in tandem-tuned circuits. The
proper adjustment of such circuits may be
effected by inserting a screw driver between
the plates, close to where they are attached to
the frame, and prying one stator plate nearer
to an adjacent rotor, thus raising the capacity of the section without materially altering
the tuning characteristic (an advantage over
the trimmer system). It is also possible, by
means of this method, to compensate tuning
on the long wavelengths without affecting
tuning on the short wavelengths, as suggested
in the drawing of Fig. 5.
A. T. Lequear, Erie, Pa.
JVWWWW|.
200,000 ohms
500,000 ohms
Meter
Fig. 6 — resistance
Circuit of home-made
voltmeter. high-
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Armstrrong's
d that
be recalle
WILL
ITform
on receive
detecti
was
of doubledevised to meet an emergency. The
French army owned a large number of longwave amplifiers but desired short-wave amplification. Depending on the gullibility of
the amplifiers, Armstrong devised a converter
which would connect in the antenna circuit,
hastily turning short-wave signals into longwave signals and passing them on to the amplifier. The amplifier trustingly accepted
them as genuine long-wave signals and amplified them into something of presumable
military value. In the enthusiasm of the
moment, one assumes, there was invented
the name "super-heterodyne" which has
itself been amplified into something of unmistakable commercial value.
This bit of radio history naturally brings
double-detection to mind whenever one has
a short-wave amplification problem on hand.
In the broadcast band the problem no longer
exists, other means of seemingly equal merit
being universally known and somewhat less
universally available. In the region below 150
meters, and in fact to some degree between
150 and 200 meters, the problem of satisfactory amplification is still present and one is
somewhat amazed that the double-detection
receiver does not have a larger foothold.
The situation is probably historical. Until
very recently the sub-200 meter
region was almost wholly telegraphic; even the radiophone experimenters used the key to supplement
their microphones. The commercial
men who worked in the region were
all message handlers. Naturally,
therefore, the receivers were suited
to telegraphic reception and for that
purpose the double-detection principle has no alarming advantage between 25 and 200 meters; one can do
nearly as well with a simple oscillating detector and audio amplifier.
Fig.

for Double

Detection

SUPER-HETERODYNE

ROBERT

S. KRUSE

As soon as telephony and television invaded the shorter waves the story became
different. The oscillating detector became
merely regenerative and in that act lost most
Given a short-wave receiver of the
conventional regenerative detector type,
how can it be improved ? Mr. Kruse
turns it into a double-detection receiver, which is the "high hat" way of
saying super-heterodyne. He adds a
frequency changer, and an amplifier
working at the frequency to which the
desired signal is changed. This amplifier may be specially built or if, may be
one's broadcast frequency receiver used
as an amplifier, second detector, and
audio amplifier. Mr. Kruse has another article on this double-detection
business in. the office, and it will appear
in a forthcoming issue of Radio
Broadcast.
— The Editor.

One may turn to tuned r.f. stages, using the
222-type tube, but for several reasons this is
not as simple as tuned r.f. in the 200-550
meter region. The best of these reasons is
that one is trying to cover the huge territory between 14 and 200 meters and this is
equivalent to 20,000 kilocycles! It is a troublesome task to cause a set of plug-in coils
with cramped
gang tuning
"runresult.
together"
with
the
scalestothat
One must
either drop down to a single r.f. stage and two
controls or else convert the signals to some
more normal wavelength where they will be
more amenable to amplification. The second
scheme makes necessary the use of a doubledetection system.
In this article the writer describes a doubledetection (super -heterodyne) receiver. It is
made by adding a beating oscillator to an
already existant short-wave receiver. The
beat frequencies from this oscillator and receiver are amplified at a lower frequency,
detected again, and then amplified.
The Deled or -audio Adapter

r I ''HE particular kit shown in the illustrations is chain-store distributed and, therefore, an excellent subject for manipulation
since additional parts may be obtained easily.
It happens also that the coils used are especially suited to the adaptation,
although a "dodge" to make others
perform similarly is also given.
Referring to Fig. 1 we have
— 0 the
normal diagram of the set which is,
for some mysterious, reason called
the "Wasp"! It employs the usual
regenerative detector, VTi, plus two
stages of audio. Regeneration is controlled by means of a variable bypass condenser, G2. The tickler, T,
and primary, P, are on the same
plug-indary, Sform
with the tuned secon.
I— The normal circuit of the i"Wasp,'> receiver
of its sensitivity and all of its selectivity.
The result is a receiver as primitive in principle
(though not in circuit) as the infamous "single
circuit" of a few years ago.
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Fig. 3 — How the broadcast set
is connected with the detectoroscillator
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In Fig. 4 we have the circuit converted into
a double-detection affair by the addition of
an oscillator, VT4, one stage of r.f., VT5,
and a second detector, VT6 In the unscrambled diagram of Fig. 2 Ti, Si, and Pi are the
coils on the plug-in form feeding the first
detector. The coil Pi was originally intended
for use in the antenna circuit, as in Fig. 1, but
an alternative method of antenna coupling
has been provided through terminal Ai and
the 15-mmfd. condenser. This alternative
method is used in the set when adapted, the
coil Pi acting as an oscillator pick-up in conjunction with the extra coil P2 on the oscillator
plug-in coil form. Such an arrangement has
the advantage that as the coils are changed
the pick-up coils change with them and the
pick-up from the oscillator remains more uniform than is the case with a set-and-leave
arrangement. This is a considerable advantage
when going over so wide a range as these
tuners cover. It will be seen that Pi and P2
in series with the filament leads form an
untuned "link" transfer circuit. The rotor
of the regeneration-control condenser, C2,
is disconnected from the filament
and through a clipcord is run to
the top of the tuned circuit L1C4
which feeds the r.f. tube, VTs,
(See. Fig. 4). This tube may be a
201a, 240 or 222 without causing
any change in the system up to
this point. The clipcord should
be reasonably short and kept
tolerably clear of things. Since
the condenser C2 is now a sort of
coupling control between the first
detector, VTi, and the circuit
L1C4 it cannot be used to control
detector regeneration. This regeneration itoo
s valuable to lose,
and it is accordingly suggested
that C2 be set rather high and
oscillation in VTi controlled by
the addition of the 500.000-ohm
Frost rheostat, R2, with a 0.1mfd. shunt condenser, C3. This is
not essential and one can get
along very nicelv without these
devices by simply reducing C2,
which may in fact be a " postagestamp" mica condenser. The first
audio transformer primary has
been disconnected and the wires
connected together, also the first
a.f. tube, VT2, has been removed from the
socket.
The oscillator is tuned by the condenser C7,
which is a duplicate of Ci. The condenser C6
is merely a bypass and may have a capacity
of 0.001 mfd. If it happens that the oscillator
tends to squeal (audio-frequency blocking)
it may be necessary to introduce at X a combination ofrheostat and condenser like that
shown at R2 and C3.
The description above is general rather
than applying to the particular unit shown
in the illustrations.
Having put the converted short-wave signal
into the tuned circuit L1C4 we naturally

Top view of ''Wasp'' receiver and amplifier
would like to know something of that circuit.
Li is a common broadcast r.f., coil shunted by
a fixed condenser which tunes the circuit to a
point above the broadcast band; 0.0005 mfd.
is a convenient capacity obtainable in the
small "postage-stamp" mica condensers.
The output of the r.f. tube is fed into transformer coil L;,L3. The latter is another ordinary broadcast tuner coil shunted by a .0005mfd. mica condenser. Since the condensers

usual primary found on the coil will serve.
A 240-type tube will call for about double the
number of turns used by the 201a, while the
222 tube should have a winding with a number
of turns equal to about 5 the number of L3.
The 222-type tube will require a tube-shield
and on the whole it is less painful to use
the 240 or the 201a. If this tube desires to
oscillate use an ordinary "grid suppressor"
at R4. Two stages may be used as they are
not much more troublesome
when worked in this manner.
Obviously these two stages, the
second detector and the audio
system may all be found in the
broadcast receiver with which
the unit it used. Diagrams differ
so greatly in these that the
reader will find it safer to devise his own diagram of connection rather than to rely on
Fig. 3 which may overlook some
of the possible causes of trouble
when used on a strange receiver.
The points to remember are
simply that the output of the
first detector is to be applied
either to the antenna post or
to the grid of the tube in the
first tuned circuit in the r.f.
system of the receiver, at the
same time making sure that
the detector plate voltage does
not get into the input to the
receiver. A stopping condenser,
C5, of adjustable nature and a
choke, Ls, will do the trick.
The choke must, of course,
-Method of connecting
amplifier
and
oscillator
to receiver
be good over the broadcast
range as well as the range in
which the short-wave tuner is to work. The
C5 and C4 will not have exactly the same
capacity one of them must be shunted by chokes furnished with short-wave tuners
a midget condenser of some sort that can be usually fulfil this requirement.
A list of the apparatus used by the writer
adjusted while the set is in operation. Any
in the construction of his short-wave superone of the various "screwdriver" condensers
on the market will do, provided the range
heterodyne receiver is given below. However,
is adequate. It is, of course, possible to use the experimenter may substitute electrically
regular tuning condensers at C4 and C5 or equivalent parts, if desired. The complete
fist follows:
to use condensers of the mica-compression
type with capacities high enough to make sure
Pilot "Wasp" tuner;
of resonance at some point. This whole thing One
Two Frost resistors, 500,000-ohm;
can be done much more easily than it can be One tuning condenser, 140-mmfd. ;
One vernier dial;
described.
One tube socket, UY-type (for oscillator coil) ;
The winding L2 depends on the tube used Two tube sockets UY-type (for coils Li and L2-3) ;
Three tube sockets, ux-type:
ahead of it. If a 20lA-type tube is used the One
set ofin Pilot
coils (Tworespectively,
coils of a
kind extra
are used
the set"Wasp"
and oscillator,
while the 200-500 meter coil of each set is used for Li
and L2-3. The tickler serves as la) ;
One grid leak, 1.5-megohm;
One grid condenser, 0.00025-mfd.;
One
grid suppressor,
300-ohm (R4)
;
Assorted
by-pass condensers,
0.001-mfd.
and larger
(C<0;
Combination of fixed and adjustable condensers with
maximum capacity of 0.0005 mfd. in each case. In
the writer's
set C4an isXLa Sangamo
and Cs is a Sangamo
unit plus
adjustableunitcondenser);
One
One baseboard;
panel,
7" x 10" or 7" x 14";
Two
brackets;
Binding
posts,
wire, solder, usual small hardware, etc.
Front view of "Wasp" receiver and amplifier
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A
TROUBLE

Serviceman' s Experiences

SHOOTING

IN

THE

POWER

UNIT

By B. B. ALCORN

IN THE first three installments of this
series of articles discussing the problems
encountered in the servicing of radio receivers, the writer devoted considerable space
in describing the symptoms, methods of
detection, and rectification of troubles experienced with the usual types of factory- and
home-made sets, and also accessories such as
tubes, batteries, cable connectors, etc. However, similar difficulties which are found in
power-supply units as yet have not received
their share of consideration. This month,
therefore, the eccentricities of power devices
are the chief subject of discussion.
In the repair of the receiving set proper, the
three most frequent causes of trouble, in the
order of their importance, are open circuits,
short circuits, and defective parts, respectively. On the other hand, the chief cause of
breakdown in power-supply circuits are short
circuits, although defective parts and open
circuits are also major considerations.
Concrete Examples
IN ORDER to provide concrete examples of
the problems encountered in the servicing
of power units, a few of the writer's most recent experiences will be recounted. The first
concerns an unusual short circuit which was
found in the Radiola 104 loud speaker. In the
power supply of this unit the usual trouble is
shorted filter condensers, and this condition is
manifest by the plates of the 216B-type rectifier tubes becoming red hot, due to the heating
effect of the extra current which passes as a
result of the short circuit. In the case under
discussion, however, the plates of the rectifier
tubes did not overheat, although the power
unit was inoperative. In this instance, in performing the manufacturer's continuity test, it
was found that sparks could be drawn from
all parts of the chassis when the power was
turned on. The trouble was located
finally in the secondary winding of
the power transformer which had
become grounded to the chassis,
thus shorting the rectifier tubes out
of the circuit. The only possible
repair was substituting a new transformer.
Very often owners of Radiola 28
receivers and 104 loud speakers complain that one or all of the tubes of
the set have burnt out. Fortunately,
the serviceman usually finds that
this is not true. With this combination of receiver and power unit the
tubes of the set are heated with
current obtained from the B-supply
circuit of the power unit. Therefore,
when the tubes of the set fail to
fight it is often indicative of the fact
that the emission of one or both of
the 216B-type rectifier tubes has
decreased. When this trouble develops itis necessary to replace the
rectifier tube or tubes in order to
bring the B current back to normal.

A peculiar but not uncommon complaint
was brought to our attention by the owner of
a recent model Atwater Kent electric receiver.
It was explained that the set functioned perfectly except for sharp snaps which were heard
every once in a while and which did not seem
to issue from the loud speaker. On his first
visit the noise did not occur and the serviceman was forced to report that the set seemed
to be in perfect condition. The second evening
the noise was more in evidence, and, when the
serviceman arrived in response to a call, he
was able to satisfy himself that such a condition did exist, but it was necessary to remove
the set to the shop in order to locate the
trouble. In a 500-volt d.c. test it was found
that the snaps were caused by temporary
breakdowns in the dielectric of one of the filter
condensers, thus permitting an occasional
internal discharge.
Sometimes it is possible to "service" a receiver via the telephone and an excellent illustration of this concerns a receiver operated
with a Balkite A-power unit. It was explained
that, although the set would operate satisfactorily when pulled away from the wall, the
tubes would not light when the cabinet was in
its usual position against the wall. We told the
owner to add water to the cell of the A-power
unit and then report on the operation of the
set. In this case our guess was correct; the electrolyte in the rectifier cell was so low that it
did not touch the electrode unless the front
legs of the radio cabinet were raised by the
rug when the cabinet was moved away from
the wall.
A Stromberg Carlson power unit which
would go off and on alternately while the
power was turned on proved to be another
baffling problem for us to solve. In this case
a small break in the filament of one of the
2-ampere Tungar rectifier tubes was the cause
of the trouble. The expansion and contraction

A typical serviceman's tool kit
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of the filament, which operates at a fairly
high temperature, explained the peculiar performance ofthe power unit.
Home-Made Repairs
YXTHEN a receiver ceases to function an
* * over-ambitious set-owner often endeavors to effect a repair before soliciting the aid
of a serviceman. An amusing incident of this
nature recently came to our attention, and,
as usual, the repair attempted by the owner
was unsuccessful. The serviceman, who was
assigned to the job of eliminating the bad distortion which the set had developed, found the
set in perfect condition and discovered that
the distortion was caused by too much voltage
on the plate of the detector tube. Therefore,
the B-supply unit, which was a Philco socket
power device, was examined for defects. As
soon as the lid was removed the trouble became apparent; the cartridge resistor in the
plate circuit of the detector tube was wrapped
carefully with tin foil, thus preventing its
operation as a voltage reducer. The owner
explained that it had burnt out and he tried
to
the "fuse"
with tin
foilrepair
in a manner
whichbyhewrapping
has foundit effective
with automobile fuses. For some reason or
other tin foil seems to be considered a universal remedy by set owners.
Corrections
TN NOVEMBER Radio Broadcast the
J- writer described an experience in servicing
a Radiola 18 which may have been misleading; it was stated that an open circuit in an
r.f . transformer manifests all the symptoms of
a short. Frankly, we did not take time to ascertain apossible explanation for the seemingly
impossible condition, but, after discussing the
problem with others in the service field, it has
been decided that a short must have
been caused by the open ends of the
offending r.f. transformer. In this
case the repair of the open circuit
would have remedied the short.
An error also occurred in the December article of this series which
we wish to correct. In a paragraph
describing trouble encountered with
a deForest reflex receiver, the statement wasmanifests
made thatitself
"thisas particular short
an open
circuit, and, when the set was tested
with a set-checker the results indicated a burnt-out transformer.
However, further tests showed that
the transformer was perfect, the
trouble being caused by shorted
condenser in shunt with the winding
of thement istransformer."
state-of
incorrect as aThis
check
the records indicates that the setchecker showed a "dead" short.
We regret
this error
as it has confused anumber
of servicemen
who
have followed these articles.
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Philco

'"PHE
Philco different
receiversmodels
are available
in several
but all
of them use the same fundamental
circuit consisting of three stages of
tuned and neutralized radio-frequency
amplification followed by a detector
and asixtwo-stage
audiotheamplifier.
are
tubes in
receiver;There
four
type
226,
one
type
227,
one typein
171a. The receiver can beandobtained
several table models or in cabinets.
One model is a combination electric
phonograph and radio.
Technical Discussion
1. TUNING SYSTEM
Four main tuning condensers are
used in the receiver. They are Ci, Ci,
Ca and C4. The latter three condensers
have connected across them small compensating condensers, Cs, Cs, and C7,
which provide
a method inof the
compensating slight differences
circuit capacities,
thus bringing all the tuned circuits into exact
electrical alignment. Across the first tuning
condenser, Ci, is connected the small condenser,
Cs, which is condenser
called the serves
"rangenormally
control." This
range-control
tunea
the first circuit to exact resonance
but it alsoto has
second function. A small spring contact on the condenser Cs serves to ground the grid of the first tube
when the condenser is rotated to the extreme left.
Under such conditions the gain cf the receiver is reduced to a point which is quite satisfactory fcr
average local reception. Each r.f. stage is neutralized by the
Hazeltine
densers being
C9, C10 method,
and C11. the neutralizing con2. DETECTOR AND AUDIO SYSTEM
A grid-leak-condenser-type detector is used
followed
two-stage
a.f.
amplifier. by
The agrid
leak is Ritransformer-coupled
and the grid condenser
is C12. In the plate circuit of the detector tube is
connected the small by-pass condenser, C13, with a
capacity of 0.001 mfd. Ti is the first audio transformer and T2 is the second-stage audio transformer.
Ji is a jack into which a phonograph pick-up unit
may
be
connected.
phonograph
pick-up
unit is being
used the When
volume a control
of the receiver
should be turned off and the volume regulated
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Philco set in colored cabinet
by means of the control supplied with 1he pick-up
device. The power tube is a 171a and in its plate
circuit are connected the output filter choke coil,
Li, and the condenser Cn with a capacity of 0.5
mfd. This filler system functions to keep out of
the
loud speaker the d.c. currents in the plate
circuit.
3. VOLUME CONTROL
The volume-control resistor, R2, is connected
between antenna and ground. The movable arm on
this
connected to one end of the primary
of theresistor
first r.f.is transformer.
4. FILAMENT CIRCUITS
The 226—tubetypearer.f.supplied
amplifiers
the first audio
amplifier
with and
approximately
1.5
volts from the secondary Si on the power transf
o
r
m
e
r
,
T
,
the
227-type
detector
tube
is
supplied
with 2.5 volts from S2, and the 171a power tube
supplied with 5 volts from S3. In order to permit an
accurate hum balance to be obtained, adjustable
potentiometers, R3 and R-i, are connected across
secondaries
Si and S2,at respectively,
sistors are adjusted
the factory and
to a these
point re-of
minimum hum at the output. The condensers,
C15 and Cm, which are connected letween each side
of Si and ground, serve to bypass to ground the r.f.

Sheets
Series 5
currents which would otherwise have
to flow through the resistor, Ra.
5. PLATE CIRCUITS
The detector tube is supplied with
about 35 volts, the r.f. and first a.f.
tubes with approximately 90 volts,
and
the 17lA-type
135 volts.
The plate power
currenttube
for with
each
226— type tube is approximately 3.5 to
4 milliamperes. The 227-type tube
draws about 1.5 milliamperes and the
power tubeamperes.requires
about 15ofmilliThe plate circuits
the
r.f. tubes are filtered by the by-pass
condensers Cn, Cis, and C19 and the
resistors R5, each
R6, andhaveR7. a The
by-passof
condensers
capacity
0.1 mfd.
6. GRID CIRCUITS
Grid bias for the various tubes is
obtained across the resistor R9. The
C bias on the 226-type tube is
approximately 6 volts, and approximately 28 volts
is placed on the grid of the 171a power tube. There
is no bias on the detector tube. 1 his C-bias resistor
is by-passed by an 0.1-mfd. condenser, C20.
7. POWER SUPPLY
The power
supply isofcontained
the receiverT,
cabinet.
It consists
a powerwithin
transformer,
tapped for various line voltages and containing five
secondary windings. Si, S2, and S3 supply £ lament
currentmentforcurrent
the fortubesthe inrectifier
the receiver,
S4 supplies
filatube which
is a type
280, and the secondary S5 supplies plate voltage.
The filter system consists of the flter condenser
C21, C22 and C23 and the choke coils L2 and Ls. The
condenser C21 has a capacity of 2 mfd., C22 has a
capacity of 3 mfd., and C23 has a capacity of 4 mfd.
The by-pass condensers, C24 and C25, each have a
capacity of 1 mfd. The power supply and filter
system are designed for operation on 50- to 60-cycle
a.c, but
equipment
can be supplied for operon power
25- tocondenser
40-cycle power
The ationsmall
C26 is systems.
connected between
one side of the a.c. line to a terminal cn the receiver
marked
"Loc"
meaning
local.
For local
reception
satisfactory results can be obtained
by connecting
the "Loc" terminal to the "Ant " terminal and when
this is done the power lines are used as an antenna.
2nd A.F. C,4

-Jo CDc: <c

Circuit diagram of receiver and power unit
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Browning-Drake
THE Browning-Drake Model 34 receiver is a
completely self-contained table-model a.c. set
designed for 105-120 volt 50-60 cycle current.
In
a consolette
with isa known
dynamicas orModel
airchrome
speaker cabinet
the receiver
36D
or
36A,
and
in
a
highboy
console
it
is
listed
as
Model 38.
A ical
noteworthy
feature
is
the
symmetrical
mechanconstruction, all power equipment forming an
integral part of the chassis, which is of aluminum
and which is perfectly balanced in all dimensions.
The seven tubes and rectifier are all mounted
alonging the
rear ofandtheformchassis,
adjacent
the shieldpartitions,
the basis
for theto description
"vertising.
Eight-in-Line" applied to this receiver in adThe amplifier tubes are all of the 226 type, with
the exception of the last stage, which is a 171a.
The
of the 227 type. A 280-type fullwave detector
rectifier isis used.
The coils are at right angles to each other and are
mounted on a bakelite strip beneath the base.
The variable condensers are ganged and operated
by a knob controlling a large drum. A special
mechanism prevents slack, the two driving cylinders
being joined by a phosphor bronze spring and connected to the
drum byby a a beaded
lumination isprovided
miniaturechain.
lamp Even
in backilof the scale, which rotates behind a recessed
escutcheon plate. The cabinet work of the 1929
models is confined almost entirely to walnut with
Duco finish.
Technical Discussion
1. THE R.F. TUNING SYSTEM
The antenna stage of the receiver is of the untuned
type with
1000-ohm
resistor,of Ri,
nected abetween
the gridvariable
and filament
the confirst
tube. This unit is controlled fr< m the front panel
and constitutes the volume control. The second
and third radio-frequency stages and detector are
tuned through a single dial. Perfect alignment is
secured through the use of small compensating
condensers, C3, C4, and d, across the main tuning
condensers, Ci, C2, and C3. The compensating
condensers are accurately set at the factory and are
not accessible in the cabinet models.
2. THE DETECTOR AND AUDIO SYSTEM
The audio amplifier employs a three-stage
resistance-coupled circuit. Type 226 tubes in the
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34, 36, and 38

first, two stages and a type 171a tube is employed
in the output stage. Grid detection is used in the
Model 34 receiver. The leak, R2, has a resistance of
8 megohms and the condenser, Cs, has a capacity
of 0.00005 mfd. In the audio amplifier, plate
resistors, R3, of 100,000 ohms are used, while the
grid resistors are 500,000 ohms, R4, for the first
stage and 100.000 ohms, R5, for the second and
third stages. The coupling condensers, C7, in the
amplifier have a capacity of 0.1 mfd.
3. FILAMENT CIRCUITS
The filament supply system consists of five
separate windings on the power transformer, T.
The supply, Si, for the 280-type rectifier is center
tapped on the winding. The 1.5-volt winding, S2,
for the first two audio amplifier tubes, the 5.0-volt
supply, S5, for the power amplifier, the 2.3-volt
filament
for the Se,
detector,
and the with
1.5volt
r.f. winding.
filament Si,supply,
are shunted
resistors to get the center point. Through the use
of separate windings, for the r.f. and a.f. tubes,
tendency toward hum is reduced greatly. Each of
the windings. Si, S2, S5, and Si;, is provided with a
60-ohm center-tapped resistor, Rs, accurate to less
than 0.5 per cent . Inasmuch as leads are short and
the windings are separate, the use of such accurate
center-tap connections helps greatly in the elimination of hum. The 1.5-volt radio-frequency supply
is bypassed at. the sockets by one. 0.1 mfd. condenser. C», on each side of the f lament. This prevents common coupling in the center-tapped resistor
and
aids ofinthetheincoming
elimination
cf 60- or 120-cycle
modulation
signal.
4. PLATE CIRCUITS
The pliedplates
the radio-frequency
supwith 140of volts
d.c. from the tubes
power aresupply
and draw a plate current approximately from ten to
twelve milliamperes. The detector plate is supplied
with 20 volts and the current drawn in this circuit
is one milliampere. The audio amplifier tube
plates are furnished from the 200-volt source in the
power supply. The voltage, drop in their respective
plate
resistors
the andplatethatvoltage
the
first audio
tube reduces
to 60 volts
on the on
second
amplifier
approximately
75 volts.
plate current in eachto case
is between 1.5
and 2.0Themilliamperes
depending upon the tube. The full voltage of the
supply, 220 volts, is impressed on the power

amplifier plate. The actual voltage across the tube
is less than this value, however, by the amount of
the grid-bias voltage as is indicated later. The plate
current in the power amplfier tube is 20 milliam5. GRID CIRCUITS
peres.
The radio-frequency amplifier grids are connected to ground or to the chassis frame through
their respective r.f. transformer secondaries.
The r.f. bias is applied between the filaments and
ground and is secured by the IR drop through a
1000-ohm resistor, R7. The negative bias thus
applied to the r.f. grids is from ten to twelve
volts. The detector grid is operated at cathode
potential, no biasing being required for grid detection. The audio amplifier tube grids carry a negative bias of from 4 to 5 volts furnished by the IR
drop across the 500-ohm resistor Rs. The power
amplifier grid is biased in the same manner, the
plate
current toR9,the intubethepassing
ohm resistor,
filamentthrough
circuit.a 2000This
resistor is a part of the voltage divider and is bypassed with a 1.0-mfd. condenser, C9. The value
of this bias voltage is approximately 40.5 volts.
6. THE POWER SUPPLY
The power supply contains a power transformer,
T,filter
a 30-henry
filter C10,
choke,andL, aa triple-section
Mershon
condenser,
voltage divider,
Rio.
The power transformer has a single primary winding, ahigh-voltage secondary, S3, having 300 volts
on each side of the center tap, a 5-volt center-tapped
windng,
two andseparate
1.5-volt
windings, Si,S2 for
and theS6. rectifier,
for the a.f.
r.f. amplifiers,
a 5-volt winding, Ss, for the power amplifier, and a
2.3-volt winding. Si. for the detector. The 2.3-volt
winding supplies the dial light as well as the detector. Full-wave rectification with a 280-type
tube is employed. The output of the rectifier is
passed
through
30-henry
8 mfds.
on
each side. This the
filtered
d.c. ischoke
then with
carried
to the
voltage divider where taps are taken off for the
140-volt supply to the radio-frequency plates and
45 volts for the detector heater. The 140-volt tap
isthebypassed
the remaining
8-mfd. transformer
section of,
Mershonwithcondenser.
The power
choke, and filter condenser are all operated well
under their normal rating so that excellent filtering
and freedom from trouble are assured.
CX-371A
UX-171-A

Circuit Diagram of Receiver and Poirer Unit.
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The Remler "29"
Super-Heterodyne
Receiver

terodyne
a super-he
"29" foris use
Render
THE
receiver
intended
with a short antenna which may be of either the inside
or outside variety. The receiver incorporates
a stage of screen-grid radio-frequency amplification followed by a regenerative first detector, an oscillator, three stages of
transformer-coupled, screen-grid, intermediate-frequency amplification functioning at
a frequency of 115 kilocycles, a second detector, and a suitable audio amplifier. The
circuit diagram is given in Fig. 1.
The major function of the radio-frequency
stage preceding the first detector is to increase
the selectivity. The screen-grid tube is used in
this stage of radio-frequency amplification
because of its inherent stability of operation.
The intermediate amplifier of the " 29" employs three tubes of the screen-grid type.
Although the screen-grid tube is theoretically
capable of providing a gain of 40 or 50 per
stage, in no case has such gain been obtained
in practice and the necessary degree of selectivity maintained. However, both the gain
and the selectivity of the screen-grid intermediate amplifier are far greater than could
be obtained from an amplifier employing
tubes of the 201 a type even if excessive regeneration were used. The gain per stage has,
however, purposely been held down somewhat in order to eliminate excessive tube
background noise and to maintain the degree
of selectivity deemed necessary under present
day conditions.
Tubes of the 201a type are used for the
oscillator and for the first and second detectors. Both detectors are of the leakcondenser type. The regeneration employed
in the first detector circuit is obtained by
inductively coupling the plate and grid circuits of the tube by means of a third winding
or tickler coil, La, The degree of regeneration
is controlled from the panel by means of a

Chassis view of receiver with shield covers removed
This section of Radio Broadcast
is devoted to describing the uses of apparatus on the market. In this category
fall kits from which receivers and power
units may be assembled, descriptions
of the uses of parts and accessories
which may be announced by manufacturers, and practical information of
value to the serviceman, custom set
builder and experimenter — all of
whom are interested in keeping abreast
of what is going on. This month, the
excellent kit receivers of Remler and
Hammarlund-Roberts
are Editor.
described.
— The
2000-ohm variable resistor, R1; which is
shunted across the tickler coil. Maximum
regeneration is used only for the reception of
distant stations for which a slight sacrifice

in quality of reproduction is permissible. For
high-quality local and semi-distant reception
the regeneration control should be retarded.
The heart of the Remler "29" is the No.
712 screen-grid selector-amplifier. This unit
incorporates within a single heavy copper
case the radio-frequency and intermediatefrequency amplifier tubes, the transformers,
the oscillator and the two detectors. Each
individual circuit is, in turn, fully shielded.
Such shielding of the individual stages is
necessary because of the high gain obtained
per stage. The amplifier unit is completely
wired at the factory and colored leads extend
from it for connection to the panel controls,
the tuning condensers, the audio components,
and the battery cable terminal block. The
intermediate transformers are peaked at the
factory and vernier adjustments are provided
so that differences in tubes or misalignment
due to rough handling during shipment may
be compensated by the builder of the set.
FOUNDATION UNIT

Power-Suply unit for
the Remler "29"
page 267 #
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Custom set-builders have in the past
occasionally run into trouble due to the
improper location of radio-frequency components and wiring. In the design of the
Remler "29" great care has been exercised to
make the construction such that these
difficulties can not arise. All component parts
of t he "29" are to be mounted by the builder
on a pressed-steel chassis which is included
in the No. 752 foundation kit. In addition to
those parts mounted directly on it, it supports
a pressed-steel panel to which are fastened
those instruments controlled from the panel.
The instrument panel, the escutcheon plate,
and all necessary binding posts, phone-tip
jacks, brackets, insulating washers, control
knobs, screws and nuts are packed with the
foundation kit.
There are two major tuning controls which
operate, respectively, the Remler Type 632
two-in-line condenser, Ci and C>, controlling
the radio-frequency amplifier and first detector circuits, and the Remler Type 638 condenser, C3, controlling the oscillator circuit. A
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are both to be included
in the receiver proper,
the Render first-stage
transformer, No. 900,
and Render secondstage transformer, No.
901, may be employed.
(The characteristics of
these transformers
were given in November, 1928, Radio
Broadcast, page 29.)
Render transformer
No. 901 can be used in
the first-stage position
if desired. If only the
first audio stage is to
be built into the receiver proper and the
Render power amplifier
is to be used, the firststage transformer
should be the Render
No. 920. The secondstage transformer will
Spkr.
then be the Render No.
921 which will be built
into the power amplifier. In either case it is
suggested
that the first
.
n
y
D
Fig. 2 — Schematic diagram of power-supply circuit O
audio tube be of the
type 112a and that it
single balancing condenser, C4, is supplied with
be operated at a plate voltage of 135 and a
the amplifier unit for connection across the 9-volt negative grid bias.
oscillator tuning condenser so that the two
With power tubes type 112a or 171a the
tuning dials can be made to agree closely output transformer should be respectively
over the broadcast band. At the center of the either the Render No. 922 or the Render No.
923. If the loud speaker is to be of the dynamic
panel is located a switch with which is combined a 6-ohm rheostat, R2, controlling the type the transformer should be the No. 923.
screen-grid tubes. A protective resistor, R3,
is connected in series with this rheostat so that
POWER AMPLIFIER
excessive voltage can not be applied to the
The Render power amplifier and plate
screen-grid tubes. Filament control of the
remaining tubes of the set is automatic. Two
supply, Fig. 2, is ideal for use with the Render
more controls, which are of a semi-fixed
"29." It employs full-wave rectification,
nature, are located on the panel. One of these, making use of two 281-type half -wave rectifier
the volume control, is a 500,000-ohm variable
tubes, and incorporates a single 250-type
resistor, Rj, which controls the voltage ap- power tube. It has ample capacity to supply
plate and grid-bias voltages for any type of
plied to the screen-grids of the 222-type
receiver and it will, in addition, supply field
tubes and to the plate of the first detector.
The other, the sensitivity control, is a 2000- current for a dynamic speaker of the 90-110ohm variable resistor, Ri, which is shunted
volt type. The speaker field is connected in
across the feed-back winding of the first series with the voltage divider and is supplied
detector and which controls the amount of with about 55 rnilliamperes. When the
regeneration in the first detector circuit.
speaker field is in use a 2000-ohm resistor in
The receiver is tuned as is any other receiver the voltage divider is shorted out. Provision
is made for a 874-type voltage regulator or
of the super-heterodyne type.
If a power tube of the 112a- or 171a- type glow tube so that the voltage delivered to
is to be used and the first audio stage and the set remains constant.
second audio stage (shown in dotted lines)
The Render No. 950 power transformer
125VoltQ

113 VUll
Q QlOSVolt
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and choke is designed to supply from 425
to 440 volts to the plate of the power tube
under full load. The primary of the transformer istapped for line voltages of 105, 115
and 125 volts. The filter circuit consists of
two 80-henry chokes and either three 2-mfd.
condensers or two 2-mfd. and one 4-mfd.
condensers. The filter condensers are to be
installed by the builder in a space provided
in the No. 950 case.
Part of the voltage divider of the Render
power amplifier and plate supply consists of
three 2000-ohm strip resistors to which
sliding contact connections can be made and
three 2000-ohm resistors of the potentiometer
type. Grid bias for the first audio tube is
taken from a 400-ohm potentiometer which
is in series with the return path of the current
from the receiver and the voltage-regulator
tube. Grid bias for the power tube is supplied
by a 2000-ohm variable resistor which is in
series with the return path of the plate current for the power tube alone. All component
parts of the power amplifier are mounted on a
pressed-steel chassis, 10j" wide by 20" long,
which is supplied with the No. 952 power
amplifier foimdation kit. All resistors of the
voltage divider must, of course, be thoroughly
insulated from the steel chassis and insulating
washers for this purpose are supplied with the
foundation kit. Practically any voltage between the maximum for the power tube and
zero can be obtained for the receiver and all
of these voltages are continuously variable. A
pressed-steei cover, finished in brown crystalline enamel, is available for the power amplifier if desired. It greatly enhances the appearance of the unit and insures freedom
from the collection of dust.
The No. 923 output transformer is supplied with three output terminals marked
"Mag. Spkr.," "Speaker," and "Dyn.
Spkr." The output winding between terminals "Speaker" and "Mag. Spkr." is of
high impedance and is suitable for use when a
high-impedance loud speaker such as one of
the magnetic type is employed. The output
winding between terminals "Speaker" and
" Dyn. Spkr." is of low impedance and a
moving-cod loud speaker may be connected
directly across these transformer terminals.
It is possible to connect the regular input
terminals of a moving-coU loud speaker
across theof "Speaker"
"Mag. and
Spkr."to
terminals
the No. 923 and
transformer
thus obtain fair results, but the elimination
of the transformer in the speaker and the use
of the minals"Speaker"
and "Dyn.
terof the transformer
as aboveSpkr."
described
is recommended.

z
Six-Tube,
Screen-Grid, Junior
Model "Hi-Q 29"
been
has found
Junior
THE
ory Model
tested"Hi-Q
in the29"
Laborat
and was
to be an efficient receiver; that is, it is
sensitive, selective, and will bring in stations
with good fidelity. In a single evening the receiver brought us a number of out-of-town
stations in addition to the old stand-by's such
as kdka and wgy. It has 20-kc. selectivity and
this makes it possible here in New York to
receive wlw when wor is on the air. Wor
was audible in the background, but the frequency separation of these two stations is
only 10 kc. It had more r. f. gain than could
be used in this particular locality. The cost
of parts, $54.60, brings it within the reach of
nearly everyone.
The circuit diagram of the d.c. -operated
Junior model is shown in Fig. 1. Two screengrid tubes are used in the radio-frequency
amplifier, and the first, which is untuned, is
coupled to the antenna-ground input system
through a 3000-ohm variable resistor which
serves as the volume control. The receiver is a
true single-controlled set, although it employs two sharply tuned circuits.
The plate circuit of the first screen-grid
tube looks into a specially designed transformer which has several primary taps, so the
experimenter can choose the one that provides
the best selectivity. The primaries are small
and wound of many turns of fine wire.
Following the first untuned antenna stage
are two carefully tuned stages, the second
r.f. amplifier and the detector. The voltage
gain in the antenna stage is not high, but
contrary to many such untuned stages using
low-mu tubes (of the 201a type) it provides
some voltage gain. The second stage, of
course, has a high voltage gain and the detector input, being tuned, adds its bit to the
overall radio-frequency amplification of the
receiver. The coils are typical Hammarlund
spaced winding solenoids of a good shape.
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The

C-BIAS DETECTOR
The detector, which is a 20lA-type tube,
is used in a C-battery circuit because of the
greater input voltage handling ability and
somewhat greater freedom from high audiofrequency loss. Following this tube is a threestage resistance-coupled audio amplifier, the

Chassis view of the Junior iiHi-Q 29" A. C. Receiver
first tube being a 240, or hi-mu type, the
second a 201a and the final tube a 171a.
The screen-grid tubes are placed outside the
shielding boxes which enclose the tuning
components. The control-grid leads are
shielded, and thus there is little danger of
unwanted feed back from one stage to
another. The filtering in the r.f. amplifier
consists of 5000-ohm resistors in the plate
circuit of each tube and 0.5-mfd. by-pass
condensers connected from the low-potential
side of each primary to the filament of the
tube in question. The advantage of such
filtering has been pointed out many times in
this magazine; its purpose is to keep the r.f.
plate currents out of the B supply and to
prevent them from becoming mixed with
similar currents of another stage.
Bias for the screen-grid tubes is obtained
by connecting the low-potential end of the
grid input circuit to the battery end of a
filament resistor. The correct plate voltage
for this value of C bias is obtained through
the 5000-filter resistor — the voltage drop
across this resistor is small since the normal
plate current of the tube is only about one
milliampere. Such a grid bias lengthens the
life of the tubes appreciably. Bias for the

resistance-coupled amplifier tubes is obtained externally as is that for the detector.
A choke coil has been placed in the plate
circuit of the detector to prevent r.f. voltages
from overloading the resistance-coupled amplifier. In addition a condenser is placed
across the input to the amplifier so that the
detector will be provided with a lowimpedance output (to r.f. currents) with
consequent better detection.
All in all, the Junior "Hi-Q 29" is a sixtube receiver, using screen-grid tubes at
their best, i.e., well shielded and well filtered,
a C-battery detector, a resistance-coupled
amplifier provided with values of resistance
and capacity that will permit the amplification of all frequencies from below 100 to
well over 5000 cycles, and a power tube
designed to deliver at least 350 milliwatts of
power to an average speaker. Because of the
suggested plate voltage on the 171a, 135 volts,
an output device is not necessary from the
standpoint of protecting the loud speaker,
although there is plenty of room for it on the
baseboard of the receiver.
LIST OF PARTS
The picture gives a good idea of the
internal appearance" of the receiver, and
the list of parts below indicates the discrimination with which its designers picked out
the components. There is an a.c. model of
the same general circuit employing Arcturus
tubes. The list price of the latter is $104.20.
and the receiver as put together is a complet ely
self-contained tuner, amplifier and power
supply.
The complete list of parts follows:
Ci, C2 Two Hammarlund Midline condensers. 0.00035type ML-17;
C3 mfd.,
One Sangamo
fixed condenser, 0.001-mfd;
C4,
C5,
C6.
C? Four Parvolt
by-passcoil,condensers,
0.5-mfd. ;
Li TP-3M;
One Hammarlund
r.f. choke
type RFC-85;
Ri, One Carter tapered volume control, 3000-ohm, type
R2, R3 Two Durham Metalized resistors. 0.25-megohm;
Ri One Durham Metalized resistor 0.1-megohm;
Rs, R6 One Durham Powerohm, 100,000-ohm, 1-watt:
R7 One Durham Powerohm, 50,000-ohm, 1-watt;
Ti,
Hammarlund
r.f. transformer,
Sw T2OneTwoCarter
battery switch,
type 2 ; type SGT-17;
One
Hammarlund
drum
dial,
knob-controlled;
Six Benjamin sockets, type 9040;
Two
Yaxley cable
phone-tip
jacks, type
type 660;
422;
One Yaxley
connector,
One Hi-Q 29 Junior foundation unit containing panel,
shields, chassis, coupling condensers, resistor units,
resistor clips, binding posts, shafts, wire, screws, etc.
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List of Books

Subjects Obtainable

Pertaining

Free With

DEADEBS may obtain any of the booklets listed below
by usingonly.the coupon printed on this page. Order
byJ- *number
1.ply, Filament
Control
— Problems
voltage regulation,
effect
on variousof filament
circuits, supand
circuit diagrams of popular kits. Radiall Company.
5. Carborundum in Radio — Pertinent data on
crystal
and information
the use ofdetectors
resistors.with
The hook-ups,
Carborundum
Company. on
12. Distortion and What Causes It — Hook-ups
of resistance-coupled amplifiers with standard circuits.
Allen-Bradley Company.
15. R-Eliminator and Power Amplifier — Instructions for assembly
and operation using Raytheon
tube. General
Radio Company.
15a. B-Eijminator and Power Amplifier — Instructions for assembly and operation using an R. C. A.
rectifier. General Radio Company.
17.
description ofandvarious
uses of
bakelite Bakelite
in radio, —itsA manufacture,
its properties.
Bakelite Corporation.
22. A Primer of Electricity — Fundamentals of
electricity with reference to the application of dry cells
to radio. Constructional data on buzzers, automatic
switches, alarms, etc. National Carbon Company.
23. Automatic Relay Connections — A data
sheet
a relay
may be used toCompany.
control A
and R showing
circuits. how
Yaxley
Manufacturing
30.
Tube
Characteristics
—
A
data
sheet
giving
constants of tubes. C. E. Manufacturing Company.
32. Meters for Radio — A book of meters used
in radio, with diagrams. Burton-Rogers Company.
33. Switchboard and Portable Meters — A booklet, giving dimensions, specifications, and shunts used
with various meters. Burton-Rogers Company.
37. Why Radio is Better with Battery Power —
What dry-cell battery to use; their application to radio,
wiring diagrams. National Carbon Company.
46. Audio-Frequency Chokes — A pamphlet showpositionsbe inused.theSamson
circuitElectric
where audio-frequency
chokesing may
Company.
47.
Radio-Frequency
Chokes
illustrating the use of chokes to keep— Circuit
out r. f.diagrams
currents
from definite points. Samson Electric Company.
48. Transformer and Impedance Data— Tables
giving the mechanical and electrical characteristics of
transformers and impedances, together with a short
description of their use. Samson Electric Company.
Tube tubes,
Reactivator
— Information
on the The
care
of 53.
vacuum
with notes
on reactivation.
Sterling Manufacturing Company.
56. Variable Condensers — A bulletin giving an
analysis of various condensers together with their
characteristics. General Radio Company.
57. Filter Data — Facts about the filtering of d. c.
supplied
by means
of motor-generator
outfits used with
transmitters.
Electric
Specialty Company.
58. How to Select a Receiver — A common-sense
booklet describing what a radio set is, and what you
should expect from it, in language that anyone can
understand. Day-Fan Electric Company.
67.let on Weather
for Radio
— A very
interesting
the relationship
between
weather
and bookradio
reception,
with
maps
and
data
on
forecasting
able results. Taylor Instrument Companies.the prob69. Vacuum Tubes — A booklet giving the characteristics ofthe various tube types with a short description of where they may be used in the circuit; list of
American and Canadian broadcast stations. Radio
Corporation of America.
72. Plate Supply Systems. Technical information
on audio and power systems. Rulletins dealing with twostage transformer amplifier systems, two-stage pushpull,
three-stage
push-pull,
parallel
push-pull,
other
audio
amplifier,
plate, andCompany.
filament
supply andsystems.
American
Transformer
73. Radio Simplified — A non-technical booklet
giving pertinent, data on various radio subjects. Of
especial
interest to the.beginner and set owner. Crosley
Radio Corporation.
76.
Radio
— A description
various
meters used inInstruments
radio and electrical
circuitsof together
with cal
a short
discussion
of
their
uses.
Jewell
ElectriInstrument Company.
— A pamphlet
describing
the78.use Electrical
of electrical Troubles
testing instruments
in automotive
work combined with a description of the cadmium test,
for storage batteries. Of interest to the owner of storage
batteries. Burton Rogers Company.
81. Better Tuning — A booklet giving much general information on radio reception with specific illustrations.Manufacturing
Primarily for non-technical
Bremer-Tully
Company.set-builders.
84. Five-Tube Equamatic — Panel layout, circuit
diagrams,
and instructions
receiver, together
with data onforthebuilding
operationa five-tube
of tuned
radio-frequency
transformers
of
special
design. Karas
Electric Company.
88. Super-Heterodyne Construction — A booklet giving full instructions, together with a blue print
and
for building
an eight-tube receiver.
The necessary
George W.data,Walker
Company.
89. Short-Wave Transmitting Equipment. Data
and wiring diagrams on construction of all popular
short-wave transmitters, operating instructions, keying,
antennas; information and wiring diagrams on receiving
apparatus;
data on
variety
of apparatusLaboratories.
used in highfrequency work.
Radio
Engineering
90. Impedance Amplification — The theory and
practice of a Alden
special Manufacturing
type of dual-impedance
amplification.
Company. audio

and

the Accompanying

Allied
Coupon

95. Resistance Data — Successive bulletins regarding
the
use of resistorsResistance
in various Company.
parts of the radio circuit.
International
98.tion onCopper
Shielding
—
A
informathe use of shielding inbooklet
radio giving
receivers,
with
notes and diagrams showing how it may be applied
practically.
Of
special
interest
to
the
home
constructor.
The Copper and Rrass Research Association.
99. Radio Convenience Outlets — A folder giving
diagrams and specifications for installing loud speakers
in various locations at some distance from the receiving
set, also Manufacturing
antenna, groundCompany.
and battery connections.
Yaxley

On this page are listed radio manufacturers'' booklets which may prove of
interest to readers of Radio Broadcast. The list is revised each month
and a constant, effort is made to keep
it as accurate as possible. In all cases
the booklets listed have been selected
because of the valuable information
which they contain. Among the new
booklets of interest to experimenter are
the following: 139, 143, 144, 145,
154, 156, and 157. — The Editor.
101. Using Chokes — A folder with circuit diagrams
of the more popular circuits showing where choke
coils
may Company.
be placed to produce better results. Samson
Electric
102. Radio Power Rulletins — Circuit diagrams,
theory constants, and trouble-shooting hints for units
employing
the RHCompany.
or R rectifier tubes. Raytheon
Manufacturing
104.
Oscillation
Control
the " Phasatrol"
— Circuit diagrams, details forwithconnection
in circuit.,
and specific
operating
suggestions
for
using theoscillation.
" Phasatrol"
as
a
balancing
device
to
control
Electrad, Incorporated.
105. Receiving and Transmitting Circuits. Construction booklet with data on 25 receivers and transmitters together with discussion of low losses in receiver
tuning circuits. Aero Products Company.
Tuhesand— Operating
characteristics
of an
a.c.108.
tubeVacuum
with curves
circuit diagram
for connection
in converting various receivers to a.c. operation with a
four-prong a.c. tube. Ahcturus Radio Company.
112. Heavy-Duty Resistors — Circuit calculations
and data on receiving and transmitting resistances for a
variety of uses, diagrams for popular power supply
circuits,
resistors Company.
for battery charging use. Ward
Leonard d.c.
Electric
113. Cone Loud Speakers — Technical and practical
information on electro-dynamic and permanent-magnet
type cone loud speakers. The Magnavox Company.
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114. Tube Adapters — Concise information concerning simplified
methodsAlden
of including
various power
tubes
in existing
receivers.
Manufacturing
Company.
115.
What
Set
Shall
I
Build?
—
Descriptive
ter, with illustrations, of fourteen popular receiversmatfor
the set-builder. Herbert H. Frost, Incorporated.
118. Radio
— A descriptive manualInstruments,
on the use ofCircular
measuring "J"
instruments
for every radio circuit requirement. A complete listing
of models for transmitters, receivers, set servicing, and
power unit control. Weston Electrical Instrument
Corporation.
120. The Research Worker — A monthly bulletin
of interest to the engineer and home builder. Each issue
contains special articles on radio design and construction
with vox
special
emphasis
on resistors and condensers.
Aero
Wireless
Corporation.
121.
Filter
Condensers
practical points
on the manufacture and use —of Some
filter condensers.
The
differencedensers.
between
inductive
and
non-inductive
conPolymet Mfg. Corp.
123. R terSupply
— Circuit
diagrams,
istics, and list ofDevices
parts for
nationally
known characpower
supply
units.
Electrad.
Inc.
124. Power Amplifier and B Supply — A booklet
giving several circuit arrangements and constructional
information and a combined B supply and push-pull
audio
amplifier,
the latter
using 210-type tubes.
Thordarson
Electric
Mfg. Co.
125.
A.
C.
Tube
Operation
A small supply
but complete
booklet describing a method of —filament
for a.c.
tubes. Thordarson Electric Mfg. Co.
126. Micrometric Resistance — How to use resistances for: sensitivity control; oscillation control,
volume control; regeneration control; tone control:
detectordanceplate
voltage control; resistance and impeMfg. Co. coupling: loud speaker control, etc. Clarostat
129. Tone — Some model audio hook-ups, with an
explanation
of theElectric
proper Co.
use of transformers and
chokes. Sangamo
130. Screen-Grid Audio Amplification — Diagrams and constructional details for remodeling old
audio
amplifiers
for operation
Thordarson
Electric
Mfg. Co.with screen-grid tubes.
131. The Mershon Condenser — An illustrated
booklet giving the theory and uses of the electrolytic
condenser. Amrad Corporation.
132. The National Screen-Grid Short-Wave
Receiver — Constructional and operating data, with
diagrams and photographs. James Millen.
133. The National Shield-Grid Five — A circuit
diagram
receiver. with
Jamesconstructional
Millen. and operating notes on this
134. Remler Service Bulletins — A regular service
for professional set-builders, giving constructional data,
and hints on marketing. Gray & Danielson Mfg. Co.
135.
The information,
Radiobuilderconstructional
— A periodic andbulletin
giving advance
operating
data on S-M products. Silver-Marshall, Inc.
136. Silver Marshall Data Sheets — These data
sheets cover all problems of construction and operation
on Silver-Marshall products. Silver-Marshall, Inc.
139. Power Unit Design — Periodical data sheets on
power unit
design, and construction. Raytheon Mfg.problems,
Co.
140. Power Unit Problems — Resistance problems
in power units, with informative tables and circuit
diagrams. Electrad, Inc.
141. Audio and Power Units — Illustrated descripf power Thordarson
amplifiers andElectric
power supplies,
cuittions odiagrams.
Mfg. Co.with cir142. Use of Volume and Voltage Controls. A
complete booklet with data on useful apparatus, and
circuits for application in receiving, power, amateur
transmitter,
and phongraph pick-up circuits. CentralRadio
Laboratories.
143. Radio Theory. Simplified explanation of radio
phenomena with reference to the vacuum tube, and data
on various tubes. deForest Radio Company.
144. Low Filament Voltage A. C. Tubes. Data on
characteristics
operation
of four types of a.c.
tubes. Arcturus andRadio
Company.
145. Audio Units. Circuits and data on transformers
and impedances for use in audio amplifier plate and
output impedances and special apparatus for use with
dynamic speakers. Sangamo Electric Company.
146. Receiver Circuit Data. Circuits for using
resistances scriptioinns ofother
receivers,
and inH. power
unitsinc.with deapparatus.
H. Frost,
147. Super-Heterodyne Construction. Construction and operation of a nine-tube screen-grid supereterodyne. Set Builders'
151. The hSecret
or the Supply
Super. Company.
Constructional and
operation
data
on
the
Lincoln
Lincoln Radio Corporation. 8-80 One-Spot Super.
152. Power Supply Essentials. Circuits and data
on power-supply devices, and descriptions of power
apparatus.
Polymet
Company.Curve
153. What
the Manufacturing
Everready Fidelity
Means to Radio Reception. An analysis of the frequency range
of musical
and the human
voice which
shows
how theseinstruments
tones are reproduced
by a
receiver
an audio
range of 60 to 5000 cycles.
National with
Carbon
Company.
154. Amplifier and Power Supply Construction
Manual. A booklet giving descriptions, circuit diagrams, and lists of parts of several popular amplifier
and power supply circuits. Acme Wire Company.
155.
four-pageto
monthly The
bulletinCustom
containingSet-Builder
information— Aof interest
servicemen and custom set-builders. Clark and Tilson, Inc.
156. Photo-Electric Cells — A booklet describing
the applications,
and characteristics
electric cells. The theory
G-M Lahoratories,
Inc. of photo157.
Uses
of
Electrical
Meters
—
Setof andblueprints
showing correct use of meters in laboratory
testing
circuits.
Weston
Electrical
Instrument
Corporation.
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Pre~lnventoiySale
APRE-INVENTORY SALE featuring some of the most drastic
price reductions of the season. Our tremendous stocks must be
reduced. Prices have been cut to the bone. Everything in our
large stocks of radio merchandise is included. You will marvel at
the remarkable values. Now is the time to buy. A new large catalog,
featuring these remarkable values is now ready. Every radio enthusiast— every dealer — every set builder should send for this new catalog—quoting lowest wholesale prices on everything in radio.
SET
BUILDERS!
Set Builders, Amateurs and so called "Hams" will delight
in the unusual variety— and remarkable values that are
offered in standard kits and parts. Tremendous stocks —
real organization — prompt shipping service all combine
to make Allied your ideal source of supply.

MEN

,

Buy RADIO/

By making your problems ^>ur
problems, we know the service you
require — and to render you such
service the entire Allied organization is dedicated — to give you the
service you have a right to expect.
Tremendous stocks, remarkable
values and a real desire to serve,
all combine to make Allied your
ideal source of supply.

RADIO
DEALERS
!
The live radio dealer — the man who keeps pace with the rapid
advance of radio will find much of real interest in the Allied
Catalog. New A-C Sets, D-C Sets, Dynamic and Magnetic
Speakers , television equipment, in fact everything that an impatient radio public is demanding.

Lowest
Wholesale
Prices
Allied Service will prove a revelation to you in what radio service
can really be. Allied Executives backed by years of training in radio
are practical men. They know radio. Their vast experience has built
up around them an organization trained to serve. Months of effort
have built up here a tremendous reserve of stock that makes for
prompt shipments; and this stock is new stock comprising the seasons pick of such prominent manufacturers as Silver-Marshall,
Tyrman, Aero, Hammerlund-Roberts, etc.

A.
ELECTRIC

C.

SETS

Allied offers you a new — complete
line of A-C Receivers, available in
either chassis form or in a wide
variety of beautiful console models.
Prices range from $32.95 to $199.00.
Dollar for dollar they stand out as
one of the season's
ers. Engineered to
tion they offer you
only in the highest

leading receivunusual perfecfeatures found
priced sets.

You
Profit When
You
Buy
Right
Buying right is half the battle. From the small set builder to the
large dealer, your success depends upon gauging the public pulse of
radio and in buying right. Everything that is new in radio — the
items the radio public is now demanding are here, ready for your
call. Write now — the catalog is free for the asking.
Write

for Catalog

Now

Allied/Radio
COR
711

W.
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The

Radio

LABORATORY
CLARITY

Broadcast
INFORMATION

SHEETS
T^HE aim of the Radio Broadcast Laboratory Information Sheets is to present, in a
convenient form, concise and accurate information in the field of radio and closely
allied sciences. It is not the purpose of the Sheets to include only new information, but
to present practical data, whether new or old, that may be of value to the experimenter, engineer or serviceman. In order to make the Sheets easier to refer to, they
are arranged so that they may be cut from the magazine and preserved, either in a
blank book or on 4" x 6" filing cards. The cards should be arranged in numerical order.
Since they began, in June, 1926, the popularity of the Information Sheets has increased sogreatly that it has been decided to reprint the first one hundred and ninety
of them (June, 1926-May, 1928) in a single substantially bound volume. This volume,
" Radio Broadcast's Data Sheets", may now be bought on the newsstands, or from the
Circulation Department, Doubleday, Doran & Company, Inc., Garden City, New
York, for $1.00. Inside each volume is a credit coupon which is worth $1.00 toward
the
priceaccompanied
of this magazine.
other credit
words,coupon,
a year'sgives
subscription
Radiosubscription
Bboadcast,
by thisIn$1.00
you Radioto
The of Editor.
Broadcast for one year for $3.00, instead of the usual subscription —price
$4.00.
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Three Types of Graphs

Noted

for

Bell-Like

the

quency against output voltage, it is advisable to
plot
on log-log
papercurve
so that
will the
be curve
indicated
on the
in the
theirvariations
relative
importance
as
heard
by
the
ear.
If we desire to plot frequency against db then the
curve should be plotted on log paper. In such a case
we would find that the shape of the resultant curve
was the same as that of the preceding curve plotted
ou log-log paper, for in converting from voltage to
db
tion.we take into consideration the logarithmic funcIn all cases the frequency scale should be plotted
on a log scale so that each octave in the scale takes
up an equal
space.
piece
crosssection
paperamount
aoflog
scaleTakeon10 aitcycles
and ofand
measure
the distance
inwith
inches
between
100
cycles,
change
in frequency
of 10andto 1000
1. Then
measure a the
distance
between 100
and
between 1000 and 10,000. The distances are all
equal
equalamount
sectionsof of
the curve therefore
receive and
an equal
space.

Clarity

of their Tone
CECO's
exquisite It tone
is
not accidental.
is the quality
result of
deliberate effort in design, a higher
quality of materials and special and
exclusive processes which are employed in the rugged construction
of these beautifully toned, longlasting tubes. Sold everywhere.
Have you heard CeCo's delightfully entertaining radio program
over the entire Columbia Broadcasting Chain of 20 cities— every
Monday evening, 8:30 Eastern
time, 7:30 Central time?
CeCo MSg. Co., Inc. ■» Providence, R. I.

Radio
FOR
EVERY

IF WE have before us a job of plotting a curve of
an a.f. amplifier to show how the voltage gain
varies with frequency, we must decide just how the
curve is to be plotted. Curves may be plotted on
several types ot cross-section paper which will be
illustrated in a future Laboratory Sheet. The problem is this, should we plot the curve on ordinary
cross-section paper or on log or log-log paper, and
should
plot frequency against db or against
voltage we
output.
The
essential
is to enableof one
to obtain a visualpurpose
idea ofofthea curve
characteristics
the
amplifier. Since the purpose of an a.f. amplifier is
to amplify currents which will finally be converted
into sound, it is preferable to plot the curve to such
a scale that its final shape indicates as nearly as
possible
in response as they would be
audible tothethevariations
ear.
Now it has been determined that the ear hears
variations in intensity in accordance with a logarithmic function. For this reason, if we are to plot fre-
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Heater Connections for A. C. Tubes
ation in most cases. It is generally unwise to arrange
A N EXAMINATION of the circuits of various
circuit as indicated at A, since the heater under
-f*- a.c. receivers using one or more 227-type the
such
conditions
or less floating and is liable
tubes shows several different ways the heaters of to introduce humis more
into some part of the circuit.
these tubes may be connected into the circuit.
The
reason
for
the
use
of the arrangement shown
In sketch A we show the heater of the tube quite
C is somewhat complicated. When the heater
indi-priidi'iil '>i the remainder <>l the circuit. In ofat the
tube
becomes
hot
it, of course, emits some
sketch B the center tap of a resistor connected
and ittheis plate
possible
for some ofthethese
across the heater is grounded and in sketch C the electrons
t
r
o
n
s
t
o
enter
circuit.
heaterelec-is
center tap of the resistor connected across the operated on a.c. the emission fromSince
it
is
not
uniform
heater is connected to the plus 45-volt terminal.
and, therefore, a hum will be produced if any
Of these three arrangements the one most com- appreciable
number
of
electrons
are
drawn
from
monly used is B in which the heater is grounded,
the heater.
since such an arrangement gives satisfactory oper-

Tubes
RADIO NEED
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with receiving sets
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An Analysis of Filter Circuits

for
Television

Reception
This lamp is made in numerous
types and styles, which provide
suitable light sources and lightsensitive relays for all systems.

LABORATORY
are given
^r)Na circuit
diagram and Sheet
set of No.
curves259showing
the
output voltage from a typical full-wave rectifier
using two 281-type tubes. These curves will prove
helpful in determining what voltage is necessary
across the power transformer to deliver a given voltage to the filter system. The curves show the output
of the rectifier with transformer voltages ranging
from 550 volts per plate up to 700 volts per plate.
Two tained
setswith ofthe curves
are filter
given,system
one setindicated
being ob-in
standard
the circuit diagram and the other with a special
circuit recommended by the E. T. Cunningham,
Inc. The solid curves show the voltages with a
standard filter system and the dotted curves show
the voltage
withcurves
a special
In determining the latter
the filter
first system.
filter condenser,
Ci,
was omitted.
When using the standard type of filter system the
load on the tube is quite heavy and the peak value
of current, which the rectifiers are called upon to
supply under full-load conditions, reaches values as

high as 310 milliamperes, although the average current drawnamperes:from
the filter
is onlyof supplying
125 millithe filament
must system
be capable
the maximum
value
of
current,
i.e.
310
amperes. With the first condenser, Ci, removed millifrom
the filter system the voltage output for a given
transformer voltage decreases considerably, as
indicated by the curve, but with this condenser removed the tube operates under much more satisfactory conditions. The peak value of current used
in such a circuit is only 140 milliamperes when the
load current is 125 milliamperes. In other words the
peak current has been reduced from 310 milliamperes to only 140. This reduction increases the
life ofsionthe
and a will
tube still
having
total emisof 150filament,
milliamperes
give a satisfactory
operation
in
the
special
filter
circuit
although
would not function satisfactorily in an ordinaryitfilter circuit where the plate current reaches values
up to 310 milliamperes. It is recommended that this
special filter system be used wherever possible.

List Price, $7'50
L€OH
Foto-CeU

V

No. 259

Radio Broadcast Laboratory Information Sheet
Filter Circuit Characteristics
900

/

February, 1929

for
Television
Sending
Output

This is an extra-sensitive broadcasting tube, supplied in either
hard vacuum or gas-filled types,
and in two sizes of each.
Information and prices on application

40
80 120
MILLIAMPERES OUTPUT

LONG LIFE RECTIFYING TUBE
No.

260
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Voltage Gain in Resistance-Coupled
Amplifiers
T.

or
f"
"B
Power
Eliminators
Over a hundred different makes
of k,B" Eliminators require this
tube, and take no other. There
are millions of them in daily,
satisfaction-giving use.
List Price,
Write for ftirtlier information
$4,-50 on any
of this equipment
RAYTHEON
MFG.
CAMBRIDGE, MASS.

T ABORATORY Information Sheets Nos. 242,
' -J 243, 249, and 250, discussed resistance-coupled
amplifiers: the latter two sheets gave the circuit
diagram and a list of parts for the construction of a
good amplifier of this type. In this sheet further
data
is given regarding
amplifiers
in comparison
with otherresistance-coupled
types.
The
overall
voltage
gain
in
a
resistance-coupled
amplifier is generally much greater than that of a
transformer-coupled amplifier. For example, a standard two-stage transformer-coupled affair has a voltage gain of about 100 from the input to the grid of
the power tube. The usual three-stage resistancecoupled amplifier using high-mu tubes has a gain
of
from the gain
inputis tonotthealways
power antube's
grid.about
Thisva400
adntage. Iadditional
fsuch an amplifier
is used in a receiver
operated entirely from batteries this high gain will
simply have the effect of increasing the loudness of
the signals, but if such an amplifier is used in a reoperatedoutput
from awill
B-power
it is probable
that theceiverhum
be muchunitgreater
than it

CO.

• february, 1929

page 274 •

would be if a two-stage transformer-coupled
amplifier were substituted for it. This is due to the
fact that, as pointed out in Laboratory Sheet No.
261, the hum voltage developed across the loud
speaker is a direct function of the overall gain of the
amplifier
and circuit.
the amount
introducedhaveintoa
the detector
Since ofthehumamplifiers
ratio of about 4:1 in gain, the hum voltage developed when four
using times
the resistance-coupled
amplifier
will beconditions
about
as great,
other
remain the
same. assuming that all
For these reasons it frequently is advisable to
construct the resistance-coupled amplifier with
somewhat lower gain. For example, if instead of
using two 240 tubes we use one 201a and one 240
then the overall gain will be about 150 which is a
very satisfactory value.
For some reason the resistance-coupled amplifier
has
not found receivers
wide use although
in manufactured
homeconstructed
when orproperly
designed it is certainly capable of giving results as
good as any other type of amplifier.
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Isn

H it

about
you

We have now been using Thordarson
transformers for some four years,
which should be proof conclusive that
•we think them capable of maintaining the high quality of Sparton Radio
Receivers, ■which we so jealously

time,

eliminated

THORDARSON
TFtANSFOR,M

EFtS
Supreme in Musical Performance
*t>8i
■as*

the

adenoids

ANY
set with inferior transformers has adenoids. Why
k. not have your set give you what it is capable of — its a
mighty simple thing to eliminate the adenoids from your
set ■— ■ and to substitute true tones as given by AmerTran
radio products.
No matter what your set is you have
yet to hear the music as it is broadcast from the studio with all of the

President-General Manager
The Sparhs-Witkington Company
of the the
world's
"[THE
finestmanufacturers
receivers realize
important relationship between the
choice of transformers (power supply and audio) and the performance of their instruments. Almost
universally they have turned to
Thordarson as the source of their
transformers.
In Thordarson Power Supply Transformers they have found an efficiency of
design, an abundance of power and a
constancy of performance that makes
their power unit free from service calls;
and in Thordarson Audio Transformers
a fidelity of reproduction that renders
their receivers musical instruments of
the highest caliber.
The purchaser and builder of radio receivers who seeks the ultimate in performance will insist on Thordarson
Radio Transformers.
THORDARSON ELECTRIC MFG. CO
Transformer Specialists Since 1895
Huron, Kingsbury and Larrabee Streets
Chicago, Illinois

Dad,

overtones and shadings from the
lowest stop on the organ to the
AmerTran
Hi-Power
500
voks DCABCplate
voltage,Boxcur-—
rent
up
to
110
ma;
AC
current for all tubes for filament
any set.
Adjustable bias voltages for all
tubes. Price, east of Rockies —
less tubes— $95.00

piercing note of the piccolo.
AmerTran

audio systems will give

you every tone broadcast. — just as
it is broadcast from the studio. A
pair of DeLuxe

transformers, or the

superb power amplifier (push-pull
for 210 tubes) and the ABC
Hi-Power Box. No matter what
AmerTran audio system you
Complete 2 stage audio amplifier.
First
stageACAmerTran
DeLuxestage
for
UX 227
and second
AmerTran Push-Pull for two 171
or two 210 Power Tubes.
—$60.00.
Price, east of Rockies — less tubes

choose, your set will be free from
adenoids. See your dealer or write
to us.

AmerTran
AMERICAN TRANSFORMER COMPANY
Builders of Transformers for more than 29 years
71 Emmet St.
Newark, N.J.
riT'T'T'yr'T'T'T'T'T'T'T'T'T'T'T'T'T'T'y'T'T'T'T'y'T'T'T'T'T'T ' T ' T ' T ■ T'T'TH
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Where A. C. Hum Originates

Safeguard Your
A. C. Installation
SATISFACTORY and economical operation of A. C. receivers
is contingent upon maintaining close
regulation of operating voltages, by
means of suitable A. C. measuring
instruments. This is necessary because of the wide fluctuation in the
potential of secondary lines furnishing current to house lighting circuits.
Set manufacturers, dealers and electric light and power companies
everywhere are cooperating to the
end that voltage regulation, both
on supply lines and in connection
with voltage control equipment of
the receivers themselves, may be
effected for the better operating service of all set owners. For this
reason, as well as for other testing
requirements outlined in the following, all purchasers of A. C. receivers
are urged to provide themselves
with an instrument such as is shown
in the illustration — known as the
Weston Model 528 A. C. Voltmeter,
range 150/8/4 volts.
When you find that there is an excessive in-put voltage, it follows
that there is too high a voltage on
the filament which shortens the
operating life of the rectifying tubes.
The Model 528 Voltmeter therefore
checks the line supply voltage at all
times and indicates when adjustments should be made to manually
operated line voltage regulators
between the power supply and the
power transformer.
This voltmeter also indicates when
the line voltage is over -rated, thus
enabling the operator to make an
adjustment in the set for the higher
line voltage so that normal life can
be obtained from his tubes.

'T'HE
amount toof aa.c.radio
hum audible
a loud speaker
connected
receiverin depends
upon
various factors. With a given installation, however,
the hum depends to the greatest degree upon the
amount of a.c. ripple introduced into the plate
circuit of the detector tube. This hum voltage may
come
from a.c.
tubes, from
and
in a.c.from
sets the
someB-power
hum is,unitof orcourse,
obtained
bot h of these sources.
It is important to realize the importance of any
hum in the detector circuit. Consider an ordinary
transformer-coupled
amplifiertheusing,
say, and
a 3 tofirst1
ratio transformer between
detector
a.f. tube, and assume that the first a.f. amplifier
tube has a mu of 8. Between the plate circuit of the
detector tube and primary winding of second a.f.
transformer the gain is, therefore, 24. It follows
from this calculation that, if a given amount of hum
is obtained from a loud speaker when there is a
certain hum voltage in the plate circuit of the first
a.f. tube, that the same amount of hum will be obtained with only one-twentyfourth as much hum
voltage in the plate circuit of the detector tube.
For these reasons it generally is found that ampli-
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TJIGH-GAIN a.c. -operated power amplifiers,
designed particularly for use in public-address
systems,
frequently
makeoutput.
use of
two tubes
250-type
tubes in push
pull in the
If these
are
operated at their rated voltage in order to obtain
the maximum amount of undistorted power a total
value of peak signal voltage across the secondary of
the
push-pull
transformer
feeding
tubes must
be about
160 volts.
Assuming
that these
this transformer
has a ratio of 3 to 1, the voltage across its primary
must be 160 divided by 3, or approximately 53
volts. If the tube feeding this transformer has a mu
of 8 then the voltage on its grid must be about 7
volts, and, in order to prevent the possibility of
overloading, the grid bias should, therefore, be
twice this value plus about 10 per cent, or 15 volts.
We might consider using a 226-type tube to feed
the
push-pull
but thewithmaximum
rated voltage
of this
tube isstage,
180 volts
a corresponding
grid
bias of 13.5 volts which, from the figures given
above, is not sufficient.
It is for this reason that we find many of the
power amplifiers disigned for public-address work
consisting of two push-pull stages, the power output

stage being fed by a preceding push-pull stage using
227- or 226-type tubes. Through the use of the
push-pull
arrangement
able that
to handle
ages somewhat
greater wethanaretwice
which voltcan
be
handled
by
a
single
tube.
These
tubes
pushpull can then handle without difficulty the involtages
required
load up twofrom
250-type
in push-pull.
It followsto obviously,
these tubes
figures,
that any
power amplifier using 250-type tubes in push-pull
must be preceded by a push-pull stage if maximum
output
a single
or 227-type
tube willis bedesired,
badly since
overloaded
when226-called
upon to
supply the
necessary
voltages.
The
discus ion, ofcourse, does not consider the above
possibility
of using a small power tube in the circuit preceding
the push-pull stage.
If wetectorassume
the decircuit aboutthat0.3wevoltcanandobtain
that from
160 volts
are
required on the grids of the power tubes, it follows
that the gain in the amplifier must be about 530
(160 divided by 0.3). The gain of an ordinary
amplifier, is about 100 and, consequently, when
using audio
250 s inamplifier
push-pullbe itused.
is essential that a threestage

■75
■
■9

'100
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Write for your copy of Circular J
fully describing the Weston Radio
Line.

WESTON
RADIO
INSTRUMENTS

February, 1929

Advantages of Dual Push Pull

The Model 528 is also made as Ammeters which are especially useful
in checking the total load of the A.
C. Set — in conformity with set
manufacturers' instructions. The
determination of A. C. filament flow
in A. C. tube filament circuits is
easily obtained by means of this
instrument.

Weston Electrical Instrument
Corporation
604 Frelinghuysen Ave.,
Newark, N. J.
6>»

fiers which are noisy under normal operation are
generally quiet if the output of the detector tube is
short circuited — a definite indication that the major
partLetofustheconsider
hum arises
in the example.
detector Suppose
circuit. that
a concrete
we have aformertwo-stage
a.f.
amplifier
with
3 to of1 transs, the first, audio tube having a mu
8 and
the power amplifier having a mu of 3 and that the
load resistance in the output is equivalent to 4000
ohms. Assume tbat a hum potential of 0.1 volts is
existant in the plate circuits of the detector tube
and also the first audio amplifier. The hum voltage
from the plate circuit of the first a.f. amplifier circuit
will produce a hum potential of a 0.6 volts across the
4000-ohm load resistance. The hum voltage in the
detector circuit will produce 14.4 volts in the load
circuit. Even assuming that these two voltages are
180 degrees out of phase so that they oppose each
other the voltage in the load circuit would be 13.8
volts. It follows from these figures that practically
all the tector
humcircuit.in The
the importance
output will ofcome
fromdesign
the de-in
proper
the detector circuit to eliminate any small hum voltages cannot be overemphasized.

ia 25,000 --i2| 53
21.000; z 20,000-- 15 g 2

■19" S
S 3

- 26 g3 SP, 7000^r29
:-,7£ 3

15,000- -20
,000 -HO
31
;r2832

8,000 - 23,000-
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Ifcapp

still going strong!

SIX years ago Remler developed
and applied the Twin-Rotor
principle to radio condensers.
Since 1923 refinements have been
added, two and three gang models have
been introduced, but there has been no
change in basic design, no departure
from the Twin-Rotor principle which
has won increasing recognition from
year to year.
This Remler Condenser set new standards of perfection in tuning. During
these six years of Remler leadership,
every other condenser on the market
has been radically changed in design.
Yet to-day the Twin-Rotor continues
to hold its place of definite dominance
in the Condenser field.
You will not find them in factory-built
receivers, because set manufacturers
work strictly on a cost basis and will
not pay the extra price of a high quality
product. But wherever set-builders
gather, whenever performance counts
more than price, there you will find
that the famous Twin-Rotor is valued
at its true worth— is considered the
World's Best Condenser.
Write us for complete information on
the full line of Remler Condensers in
various capacities and types.

•°«/f„

r„
'ate

Operates
120 volts, on50 105
to 60to
cycles.
-oo^fiaSe^COVef

The only '"A 99 Power
Suitable for all Sets
— Irrespective of number of tubes — including
SuperHets, Short Wave and Television receivers
THE new Knapp "A" Power is designed for the most
exacting service .— ■ super-hets, short wave and
television receivers included. I knew that if it would
perform satisfactorily with these receivers that there
could be no question as to its efficiency on ordinary
broadcast signals. The three Elkon dry condensers,
the improved choke coils and the special Elkon dry
rectifier make the difference between ordinary and
Knapp

REMLER
W
Division of
™
GRAY &. DANIELSON MFG. CO.
260 First Street
San Francisco, Calif.

performance.
No Change in Price
Even with these wonderful and costly
improvements, there has been no advance in price — due to the tremendous
volume going thru my plant. Remember that the Knapp is the fastest selling
"A" Power on the market.
KNAPP ELECTRIC, Inc.
— Division of P. R. Mallory & Co., Inc. —
350 Madison Ave., New York City
See your dealer today
Go to your dealer today. Most of the
good ones carry the Knapp in stock.
Do not accept a substitute — because
only in the Knapp will you get full
satisfaction as typified by the famous
Knapp "A" Power. If your dealer
cannot supply you send the coupon.
• february, 1929 . . . page 277 •
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Here9 s the
Answer
to every question about the
principles, methods, or
apparatus of radio transmitting and receiving.
THE

ADVERTISER.

False
Is

tubes, u,;~ dio enten— "T^lr BM>to co.

RADIO
MANUAL
A Complete Course in
Radio Operation
In a Single Volume
A Handbook for
Students
Amateurs
Operators
Inspectors
For the first time an
entire course of trainbook — and
the
mosting in one
complete
up-to-date
work on
radio. Developed
simply and clearly
from the elementary
stage right through
all phases of principles, practise, and apparatus sothat a beginner
no knowledge withof electricity
,;et all he needs eithei for
amateur operation or to qualify
for tora orgovernment
license as opera- ,;
inspector.
I
Prepared by Official
Examining Officer
The author, G. E. Sterling, is Radio Inspector
and
Examining The
Officer,
Division,
S. Dept.by
of Commerce.
bookRadio
has been
edited U.in detail
Robert S. Kruse for five years Technical Editor
of QST., the Magazine of the Radio Relay League.
Many other experts assisted them.
16
KS"?
tors Chapters
and Generators;Cover:
Storage Batteries
and Charging
Circuits; The Vacuum Tube; Circuits Employed in
Vacuum Tube Transmitters; Modulating Systems;
Wavemeters; Piezo-Electric Oscillators; Wave Traps;
Marine Vacuum Tube Transmitters; Radio Broadcasting Equipment; Arc Transmitters; Spark Transmitters;
Commercial Radio Receivers; Radio Beacons and DiFinders; RadioTraffic.
Laws and Regulations; Handling andrection
Abstracting
l\r_«., l—.S^-mniln-n never before available such
New Information as a compiete description
of the Western Electric 5 Kilowatt BroadcastingTransmitter; description and circuit diagram of Western
Electric Superheterodyne Radio Receiving Outfit type
6004-C; NavyStandard 2-KiIowatt Spark Transmitter;
etc., etc Every detail up to the minute.
Free Examination
"The Radio
Manual"
has illustrated.
just been published.
Nearly
700 pages.
Profusely
Bound in
Flexible Fabrikoid. The coupon brings the volume
for free examination. If you do not agree that it is
the best Radio book you have seen, return it and owe
nothing.
in ten days.If you keep it, send the price of $6.00 withOrder on This Coupon \
D. Van Nostrand Co., Inc.
8 Warren St., New York
Send me THE RADIO MANUAL for examination. Within ten days after receipt I will
either return the volume or send you $6.00, the
price in fall.
(Radio Broadcast 2-29)
Name
St. & No
City and State

Economy
Costly

Nothing is likely to prove as costly
as a cheaply made, over-rated condenser or resistor.
Whether you are a manufacturer,
professional set builder or experimenter, you cannot afford the high
cost of a cheap condenser or resistor.
Aerovox condensers and resistors
are conservatively rated and thoroughly tested. They are not the most expensive, nor the cheapest but they are
the best that can be had at any price.
tions and detailed descriptions may be obtainedilIu*
freetr,aof
TE CATALOG ™'th
charge
on request.
A COMPLE
The Aerovox
Research
Worker is a
monthly publication that
will keep you abreast of the latest radio development:.. Your name will be put on the
mailing list free of charge on request.
AEROVOX WIRELESS CORP
76V2 Washington St., Bklyn., N. Y.
yEy PRODUCTS THAT ENDURE
Jenkins
Microphone

& Adair
Mixing Panel

TYPE 3-B
hook-up wire
'The Braid Slides Bac£
FREE

SAMPLE

Send us the name and address of
your dealer and we will send you
a sample package of Braidite
FREE. Include 10c for Postage.
We do this because we want you
to get acquainted with Braidite
and prove to yourself its many
exclusive features. Send for your
sample NOW.
At
All Dealers
25 Feet
35c
Stranded
$ 25 Feet
i Solid 30c
I Red - Green
» Yellow
Blue -Black
If Cornish Wire Co
>
^ 30 Church Street
NewYorkCity j|
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For Broadcasting, Electrical
Recording, and
Power Speaker Systems
THE 3-B Mixing
is designed toof accommodate almost Panel
any combination
pickup
circuits up to a total of six. Any three of these
may be pound
made
pass through
Mixing toControls
at the the
samethree
time,Comand
instantaneous
switching
is
available
for
the remaining circuits.
Theser transmitters,
incoming circuits
consist oftelephone
condencarbon may
microphones,
lines or low impedance phonograph pickup devices, inpractically any combination. When a
single input countcircuit
of extremely
low may
level beis cut
enered, the positions
not in use
entirely
system,
thus signal.
causing no loss
whateveroutto ofthetheweak
incoming
The panel is 5/16 black sanded Bakelite, 19
in. wide
12* isin.shown
high. inDetailed
tion andand
circuit
bulletininformaNo. 7,
which we will be glad to mail to you. The net
price
in
the
U.
S.
A.
and
Canada
is
$275.00,
F. O. B. Chicago.
J. E. JENKINS & S. E. ADAIR, Engineers
1500 N. Dearborn Parkway,
Chicago, U. S. A.
Send for our bulletins on Broadcasting
Equipment
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" Standard of the World"
A fitting title for
VICTOREEN
Super Receivers
Down thru the years, from the very
beginning of Radio, Victoreen has
kept ahead of its time. Developments
from the ' Victoreen Laboratories are
constantly ADVANCE announcements
of radical improvements in radio reception.
The New Victoreen Circuit for 1929
eclipses all past achievements. It combines unparalleled sensitivity, selectivity and tone quality.

The

Remarkable

Efficiency

of

HAMMARLUND

Is

Exemplified

in

PARTS
the

JUNIOR
"HiQ-29" RECEIVER
IT'S THERE — this receiver. With everything you
can ask — beauty, tone, selectivity, volume. PERFORMANCE plus— that's what the new Hammarlund -Roberts Junior "HiQ-29" will give you.
The
coils, condensers,
chokes, shields, drum dial
and
foundation unit
are of Hammarlund
design

Perfected A. C. Operation
Until you have heard and used a 1929
A. C. Victoreen you cannot realize what
a wonderful receiver it is. Stations that
you have never heard before, together
with all the old favorites, are at your
instant command.
The heart of this master circuit is the
Victoreen Super Transformer, vastly
improved for 1929, tuned and matched
to a precision of ^ of one per cent. In
addition, the Victoreen Circuit itself
contains improvements far ahead of its
time.
Complete Kits Available
Either A. C. or D. C.
Write us for complete information regarding the latest Victoreen developments.
Blue Prints and Assembly instructions are FREE. State
whether you wish A. C. or D. C.
Victoreen Power Amplifier
and "B" Supply
for Best Results from Any Receiver

New

and manufacture— a guarantee of QUALITY
you can rely
on.

You
can build
the Junior
"HiQ" yourself easily or
have

a professional do the work
at a very reasonable
cost. Two models —
either for house cur
rent or battery operation.
Your dealer has all parts.

ED
UMI
ILL
M NAT
DRU
DIAL

Send tion
25c Manual.
for "HiQ-29"
ConstrucIt tells the
whole
wonderful "HiQ" story.
HAMMARLUND MFG. CO.
424-438 W. 33rd St.
New York

SHIELD
GRID COIL

rlund
amma
PRECISION
PRODUCTS

Before

Supplies 45, 90, 180 and 450 volts, using a
UX 210 or 250 in the last stage. Contains
two voltage regulator tubes so that the 90
and 180 volt taps are supplied with a constant
volt potential.
It is the last word in "B"
Supply.
must haveForit. the most satisfactory results you
FREE BLUE PRINTS, with list of parts
and complete assembly instructions, will be
sent upon request.
The George W. Walker Company
Merchandisers of Victoreen Radio Products
2825 Chester Ave., Cleveland, Ohio

Vtctoteen
Quality
Radio
Parts

Buying
Any
"A"the discount
Eliminators
Write
me about
card which enables you to purchase the new and improved
/ Knappat a liberal
"A" Power
/
discount, Kit
i / The most complete "A" Power Kit ever
<^J
— Address
for details
' offeredDavid
W. Knapp,
Pres. of plan —
Knapp Electric, Inc., Room 414B
3SO Madison Ave., New York City

ROBERT S. KRUSE
Consultant and Technical Writer
103 Meadowbrook Road, West Hartford, Conn.
Telephone Hartford 4S327

AMPERITE self-adjusting Control of tube temperature insures
radio
best results from modern
Tone, sensitivity, volreceivers
ume— all. are
improved by AMPERITE. Sl.lO with monntinK
Jf^ftiat
Qompany
at alll dealers.
(in U.S.A.)
ya FRANKLIN ST, NEW ytfRK.
This symbol
Ampertte
Blue Book"
ofFREE'
modern
circuits
and
in a radio
valuable
construction
Write Dept.
u. b, a. data
means —
jram
S F L F -A D JUSTING " Rheostat
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ty

Quali

TONE
QUALITY
NOW the Carborundum Detector is adjustable. A turn of the pressure screw gives
you perfect balance— gives you perfect tone.
The detector then remains fixed and permanently sensitive, by tightening the lock nut.
Tone Quality is everything in radio; here is
another improvement that further assures it.
Recommended by noted radio-circuit designers.
DEALER OR DIRECT, $1.50 IN U. S. A.
Send for Free Book "Carborundum in Radio" — D-2
THE CARBORUNDUM CO., NIAGARA FALLS, N.
Canadian Carborundum Co., Ltd., Niagara Falls, Ont
[Carborundum
Registered
The Carborundum
Company lor it9is theSilicon
CarbideTradeand Mark
iB iteofexclusive
property jI
REG. U. S. PAT. OFF.
CARBORUNDUM
DETECTOR
en*en

AUDITORIUM
SPEAKER
DYNAMIC,

OF COURSE!

Here is a new dynamic speaker by
Peter L. Jensen which again sets
the standard of reproduction, just
as his first dynamic cone didin 1927.
It is called the Jensen Auditorium Speaker, and brings to you a
quality, a brilliance and a volume
of reproduction never attained
before.
For use in auditorium or theatre this new all-purpose speaker
should be operated from the largest amplifier. For home use it is
just as efficient when operated
from one type 171 amplifier tube.
Three models are available; one
for field operation from 110 Volt
DC; one for 220 Volt DC; one for
110 Volt AC. The latter type , illustrated above, requires a full wave
rectifier tube, type 280 or 380.
Approximately 18 watts are required to excite the field. The
cone is 11 inches in diameter.
Write to us, or let your dealer
demonstrate.
JENSEN RADIO MFG. COMPANY
338 N. Kedzie Ave., CHICAGO, ILL.
212 Ninth Street, OAKLAND, CAL.
Jensen Patents Allowed and Pending — Licensed under
Lektophone and Magnavox Patents

|en*en
At/BiTORitJM SPEAKER

Write
for
this
Discount
Card
NOW!
It will enable you to purchase the
New and Improved
KNAPP "A" POWER KIT
at a liberal discount
The new Knapp "A" is the finest andmost complete kit ever
offered.Wave
It is the only "A" Power
adaptable
to Short
and
Television
reception. — Super Heterodyne
Take
write advantage of the wonderful offer today —
David W. Knapp, Pres.
Knapp Electric, Inc.
Division of P. R. Mallory & Co., Inc.
Room 4MB, 350 Madison Ave., N. Y. City

Sender

S3*- «
"lctl uf to Sho"iW

WESTERN

RADIO

9WV

DEALERS AND SET BUILDERS
The NEW 1929 catalog is crammed full of the
FINEST, NEWEST, Nationally known A. C.
sets, consoles, cabinets, dynamic speakers, kits,
eliminators and accessories at LOWEST
PRICES. Largest stock of radio parts, Prompt
delivery. No delay.
Write for our FREE catalog
CO.
URING Chicago
RADIO MANUFACT
19ftWESTERN
W I.nlr«> St.
Dent. RB-2
'jfaBigFriendlyRadioHouse
• february, 1929
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Potter
Condensers
Quality,

Long

PRODUCTS

Life

HpHE
selection
-*• of leading
manufacturers for
the finest radio
receivers. Insure
the operation of
your radio set or
power amplifier
with Potter condensers.
Potter T-2900 Condenser Block
for the single
o type tube amplifier— $20.00.
Potter T-2950 Condenser Block
for the push-pull 250 type tube amplifier—$22.50.
Potter T-2098 Condenser Block
for the single 210 type tube amplifier—$20.00.
Potter SM-673 Condenser Block
for Silver Marshall Power Amplifier and
Power Supply units— $20.00.
Potter 105-05 Interference Eliminator for oil burner and ice machine
motors — $3.75.

For

The

Select

Parts

Dongan Electric Mfcr. Co.
Name

Point

Street .
State.

City. . .
Since any radio,
old or new, is onlyjust as good as
the tubes in its
sockets, it is clear how vital a point
perfectly balanced tubes are.

^TUBESS

for clear
reception

from

Successful

Vital

The brand of radio tube is just as
important as the "make" of the set.
Insist on

Power

Amplification

The
Potter
Go.
North Chicago, Illinois
A National Organization at Your Sercue

/f^ RADIO

I

Speaker

Filter

The Type 587-B Speaker Filter is intended
for use in the output of such power tubes as
the 250 type, where the plate current is laige,
but the tube impedance is so low that no
adjustment of impedance is needed. The
Type 587:B Speaker Filter is suitable for use
following impedances of 2000 to 10,000 ohms.
The speaker is thoroughly insulated from the
high voltage by means of 4-MF. condensers
in each speaker lead.
GENERAL
RADIO CO.
Bulletin No. 931 -B will be sent on request
30 State Street, Cambridge, Mass.
274 Brannan St., San Francisco, Calif.
• february. 1929 . . . page 281 •

the

l928-'29 Season
It is so easy now to re-build your
set for power amplification that
there is little excuse for anyone not
having the full-throated, inspiring
natural tones and volume of up-tothe-minute radio. The Approved
Dongan Power Amplifier Parts
listed here are the choice offerings
of the current season — are in use
now in tens of thousands of sets
throughout America.
For Use with U X 250 Tubes
No. 7568 —fication
Transformer
for tubes
full wave
rectiusing 2 UX 281
to supply
B and C power to receiver and power for
2 UX 250 tubes
$13.50
No. 8529 — Transformer similar to No.
7568 with the addition of 2 low voltage
windings, one for 226 tubes and the other
for 227 tubes so that you can build a
power amplifier for either radio receiver
or phonograph pick-up $16.50
No.transformers
65 51 — Double Choke, for use with $1above
5.00
D-60U — Power Amplifier Condenser Unit.
$16.50
D-307 — A Condenser Block, used in connection with D-600
$10.00
No.Transformer
1177 — Straight Power Amplifier Output
#12 00
No. 1176— Same as No. 1177 but of Push
Pull type
$12.00
Check items you are interested in and return with coupon — complete information
sent to you at once. You can secure immediate delivery of any item by inclosing check
or money order.
Custom Set Builders
Your trade will get the best from sets built
up with these parts. Discounts quoted on
request.
DONGAN ELECTRIC MFG. CO.
2991-3001 Franklin Street
Detroit

TYPE 587-B
Power

of

TypeFilter.
587-B Power
Speaker
Price $9.00
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HOWES

TIDE

SUPER

SERVICE

DON'T
the "static"
comesmotors,
in overstreet
the
house letlighting
systemthatfrom
cars, telephones and electrical appliances mar your
radio programs with blare, squeal, fry and scratch !
Plug in a Falck Claroceptor between wall
socket and set and have clearer A.C. reception. A
wonderful new improvement by a pioneer radio
equipment manufacturer. Grounds and thus blocks
out line interference noise and radio frequency
disturbances. Also improves selectivity and distance. Requires no changes in set. Measures just
3 '/2X 5^2x2^ inches. Tested, proved. Praised by
thousands. Get one right away — at radio parts
dealers. Write for descriptive folder.
cordcomplete
and plugwith
$7.50

what you can expect from
THAT'
the SArcturus No. 127 A-C Detector—the tube that is famous for
long life.
. . . acts in 7 seconds . . . increases volume... and gives better as well as
longer service. With Arcturus Tubes
programs come in clear — free from
annoying hum and distortion.
To get the best reception from your
A-C set, use Arcturus blue Tubes.
Your dealer will show you Arcturus
superiority — you will instantly realize
that Arcturus are better tubes in
every way. Interesting folder, B 1 upon
request. Arcturus Radio Company,
220 Elizabeth Avenue, Newark, N. J.

Arcturus No. 127
A-C Detector
CLAROCEPTOR

ARCTURUS
A-C

long

life

TUBES

Built by ADVANCE ELECTRIC CO.
1260 W. Second St.
Los Angeles, Calif.
JOBBERS and DEALERS, GET OUR PROPOSITION
Before Buying any
"A" Eliminator

BALANCE!

Everything you want
to know about
RADIO
Every branch of radio knowledge is covered in
this complete 5-volume Radio Library. For
everybody
in the service
radio field
operators, inspectors,
men,— mechanics,
salesmen, owners
of radio stores. Written by such experts as
Harry F. Dart, E. E., Member, Institute of
Radio Engineers; C. H. Vose, B. S. in E. E., of
the Radio Engineering Dept. of the General
Electric Co.; W. H. Freedman, E. E., Fellow,
American Institute of Electrical Engineers, and
other prominent Radio Engineers. Gives you
the whole science of radio in clear, understandable English, illustrated with nearly 300 pictures and diagrams. Handsomely bound, pockvolumes, stamped
in gold. Includes
Picture et-size
Transmission
and Reception.
Worth
many times its moderate cost. Send the coupon
with $7.50 in check or money-order.
Money back if not satisfied.
International Correspondence Schools
Dept. 8298-F, Scranton, Pa.
I am RADIO
enclosing
87.50 for Itwhich
please sendthatmevour
fiveTOlume
is you
understood
inLIBRARY.
five days and
will refund myI maymoneyreif 1 amturn thenotbooks
satisfied.
Name

Good radio, like a good
watch, is a question of
propercisebalance.
preresistance And
provides
that balance.
Whether it is line voltage, plate gevoltage
reneration orgrid bias,
you can always obtain
the proper balance by
means of a Clarostat,
because — a Clarostat
There's
for Every Purpose
From grid leak to power applications, from a few ohms to ten megthe compact
mentsohms,of afromvolume
controlrequireto the
sturdy requirements of a television
motor
control,
your
requirements
are instantly met by the proper
type of Clarostat.
Ask your dealer
or write
us fora
information.
Better
still, send
quarter for "The Gateway to
Better Radio"— 20,000 words and
88 pictures of real radio dope.
CLAROSTAT MFG. CO., Inc.
Specialists in Radio Aids
284 N. 6th St., Brooklyn, N.Y.
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Get my authorized Discount Card
and complete description of the
finest "A" Power Kit ever offered.
DAVID W. KNAPP, Pres.
DivisionKaapp
of P. R.Electric,
Mallory &Inc.
Co., Inc.
Room 4MB. 350 Madison Ave., N. Y. C.

The newest radio wrinkles— A-C, grid tube,
short wave, television, dynamic speakers,
newest tubes and circuits— anything and
everything in radio — are now ready for
you atball,Barawik's.
With elections,
National broadcasting,
Roxy footand
other bigsands doings
filling
the
air,
thouof newcomers will take to
radio this year as never before. Busiwill be good
Set clean
buildersup will
make nessmoney.
You — can
big
by Buying
from
Barawik
—
the
oldmost Letreliable
house est,
in biggest,
the world.
us proveradioit.
Send now for the Big Book — all
ready for you— free. Get the latest
radio information and lowest prices.
BARAWIK CO.
I22-C CANAL STA.
CHICAGO, U. S. A.
This Big Book Sent
to You Free
/

BCDK
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THE

CORNERSTONE
OF
QUALITY
Polymet condensers and resistances for Radio
and Television are carefully made, carefully
tested,
— is R.itC.any
wonder
they are and
the accurately
choice of 2/3rated
of the
A. licensed
man uf ac t ure rs ?
Send for the Polymet Catalogue
POLYMET MANUFACTURING CORP.
597 Broadway
New York City

You Can Forget th e Condensers — If They Are D UBILIERS'
Specially designed
for
Thordarson
Power Packs
Type
574
for
use
with
the
Ratheon BH tubes or the
Elkon Metallic EBH rectifier.
Type 575 for use with 210
type tubes and 281 rectifier
tubes.
Type 1152 for use with 210
and
250 tubes.
type tubes and 281
rectifier
Type 1120 for use with 280
type rectifier
tubes orrectithe
Elkon
E-80 metallic
fier.

There
is

No

Substitute

No amount of lurid claims by
nimble-penned advertising
writers will take the place of
quality in the final analysis —
the operation in your power
supply.
POLYMET
PRODUCTS

The Big Green Book gives
the very latest detailson Aero
Coils and Kits, Short Wave Radio,
newest broadcast radio receivers, short
waveconverters, telephone transmitters, coil kits,
adaptersand a host of new wrinkles for 1929.
24 Different New Kits
Shown for 1929
The kits everyone is talking about are lully
described in the new 1929 Aero Green Book —
Aero 7-29, Aerodyne6-29, Chronophase, Metropolitan, Trio, International, Standard, Radiophone— in Shield Grid, A.C. and D.C. models.
Be sure to send lor your copy of this 25c Big
— worth$25.00to
anyone
who wants
toGreen
keep Book
up with
the latest radio
wrinkles.
Mail coupon for your copy today — NOW!
^pTS INCORPORATED
4611 E. Ravenswood Ave.,
Dept. zzq
CHICAGO, ILL.
— — — — — — — MAIL THIS COUPON NOW
AERO PRODUCTS, INC.
Dept. 229
4611 E. Ravenswood Ave.. Chicago. III.
Send me your Big Aero Green Book, 25c, giving the
latestinformationon
What's Newin radio, short wave,
etc.
Name
St. and No.
.City
StateAero Short Wave Gets Everything
in the Air
England Every dayAustralia on Thursdays—
Holland on Fridays

Ever since the advent of Radio,
Dubilier has been the manufacturers' standard — and the
set builders' stand-by. Built
in every Dubilier Condenser
is a factor of safety which is
your safeguard for years of service without failure.

for

Quality!

DUBILIER

LIGHT

SOCKET

AERIAL

— "A Moulded Bakelite Product"
Bring in programs with a
minimum of interference. Do
away with the unsightly and
trouble causing outside aerial
and lightning arrestor. Simply
attach to the set and plug into
the nearest light socket. Uses
no current. Sold by all good
dealers. Price $1.50.

Dubilier
CONDENSER

CORPORATION

10 East 43rd Street, New York City
catalog
for free

Address
Dept.
Reg- o S Pat Off.
SET

BUILDERS
write (or
Discount Card
Enabling you to purchase the new and 1
► Improved Knapp "A" Power Kit at big *
► discount — Write for full particulars.
►
DAVID W. KNAPP, Pres.
Knapp
Division
of P. Electric,
R. Mallory & Inc.
Co. Inc.
Room 4I4B, 350 Madison Ave., N. Y. C

NEWS'* Set Builders
Barawik offers set builders bigger]
bargains
— bigger
money this
season.opportunities
New sets, tonewmakekit
ideas, all the leading parts, dynamic
speakers,
supplies,
etc.stocks,
Lowest rockbottom
Bigger
service.
Send prices.
for Big Bargain
Book today— quicker
free.
BARAWIK CO., CHICAGO. U. S. A.
• february. 1929

RADIO CONVENIENCE OUTLETS
CABLE CONNECTOR PLUGS
RHEOSTATS POTENTIOMETERS
JACKS SWITCHES RESISTANCE UNITS
For greater convert
ience in receiver operation and dependabil'
ity in set construction
make up your list of
parts theandNew
accessories
from
Yaxley
Catalog.
FREE.
Send
for it today.
YAXLEY MFG. CO.
Dept. B— 9 So. Clinton St., Chicago, III.
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A

REALLY

FINE
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PRODUCT

ADVERTISER

AT

A

X

POPULAR.

PRICE

VELVET
. SILENT
. HUM
. FREE
. OUTPUT
FOOL . PROOF . SAFETY . VOLTAGE . ADJUSTMENTS
USING . THE . SAME . RECTIFIER
HIGHEST . PRICED . A. C. SETS
RUNS
FULL

. TUBE . AS . THE
. THE . UX . 280

. SETS . UP . TO . SIX . TUBES . AND
. 180 . VOLTS . FOR . 171 . POWER

Licensed

under

. GIVES
. TUBE

Patents

NIAL|>
VNATH©I
'D
ELVET
SEND
FOR BULLETIN
NO. 132 R. B.
NATIONAL

CO.

INC.
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-Readers

IO

BROADCAST
incmEERinc • the laboratory • servicmg

ence and personnel from
motion picture industry.

To all our readers—to the 16% and the 84%
—we pledge RADIO BROADCAST in coming
months will be better than ever.
Editorially, the services and features
which have caused the majority of progressive radio dealers, engineers, executives,
servicemen, sales managers and technical
leaders of radio to read RADIO BROADCAST
— will continue to be offered for your interest. Radio Broadcast will continue ever

equipment to supplant old sets. BY the
great numbers of technical men who share
the direction of radio retail organizations—
those whose expert knowledge directs radio
service work on the one hand, and on the

abreast or a step ahead of the fastest-growing, most fascinating industry in the world
— ever alive, interesting, accurate, and
above all, useful.

TRADE

READERS

-----Manufacturers
Jobbers, Retailers, and Dealers, Ser-----TOTAL

DOUBLEDAY,
RU'io BnnAr>c\3T

March

l!i2!i

DORAN

&

CO.,

radio — the sound

The remaining 16% of RADIO BROADCAST
readers are a vast group of experimenters
— those who explore the mysteries of short
waves, build all kinds of test apparatus, etc.
Among you are countless college students
and those who study radio at home, independently, or in organized courses by
mail — the coming leaders of the industry.

important executives of radio manufacturing companies, by chief engineers in charge
of design and production of radio apparatus
with a retail value of $500,000,000 annually.
BY chief engineers of radio broadcasting
stations, by communications engineers who
control the far-flung radio links which join
nation to nation. BY thousands of radio
dealers — servicemen who contribute their expert knowledge to sell millions of radio sets,
to keep them in working condition, and
who use their contact with the consumer
to introduce ever better machines and

Engineers

?
•

other enables them to choose technically the
best in radio merchandise to offer the buying
public. BY thousands of servicemen who
are expanding the uses of radio in new ways,
installing receivers and public address systems in schools and elsewhere, etc. 1?1
countless engineers and technicians in that
newest of the new fields borrowing experi-

DURING
the past several years, we have
made exhaustive surveys of our readers
to make certain that we were providing the
kind of radio magazine that would be most
beneficial to you and to the industry. You
have written us, praising our efforts; have
supported us with your yearly subscriptions, or your regular newsstand purchases;
and, cooperating with our Research Division, have told us who you are and what
you are doing. In turn we wish to tell you
what our surveys revealed: —
84% of RADIO BROADCAST readers are
professionally connected with the industry.
IT IS REGULARLY
READ AND USED BY

84%

of

Inc.

-:-

2%
vicemen 61%
21%
84%

GARDEN

Published
XIV. No.
at Garden -Dnran
City, N.& Company.
Y. Subscription
priceCity.
$4.00N. aY. year.
Garden monthly.
City. N. Y. Vol.
. as second
class "i.mail Published
matter. noufttedar.
Inc.. Garden

CITY,

N. Y.

Entered at the post office at
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Short
Success

amazing

home

Cut
in

laboratory

Radio

method!"

The only radio training
sponsored by

FREE 50-page book tells all
about it. Mail Coupon.

By Frank Halloran
I GOT hungry to get into Radio when
I learned about the big money it was
bringing my next door neighbor.
He was only twenty-eight years old, but
his income was over four times as much
as I was getting. He owned a fine car,
dressed in expensive clothes, took weekends off to go hunting and fishing, and
was one of the most popular fellows in
town.
"Charlie," I asked him one day, "how did
you become a radio expert?"
"A cinch," he smiled. "I took it up in my
spare time at home."
"What?" I asked in surprise, "you actually took a radio course by mail?"
"No," he shot back. "Not just a mail order course, but the only technical homelaboratory training conducted under the
auspices of the Radio Corporation of
America! Believe me, this 'big-league'
organization not only knows what's what
in radio, but it knows how to teach it!"
A Great Piece of Luck
Taking Charlie's advice was the luckiest
thing I've ever done. It's bringing me more
money
a month!in a week than I've often earned in
I never dreamed that learning radio at
home was so easy and so fascinating. From

the very first lesson to the last I was
thrilled! Each subject was explained in
simple word and picture form . . . and
written in such an interesting style that I
was carried along like a novel !
I didn't know the first thing about radio
when I started, yet before many months
were over I was able to solve many of the
problems which now help me command
big money. The lessons took me step by
step through trouble-finding and repairing . . . through ship and shore and broadcasting apparatus operation and construction . . . through photoradiograms, television and beam transmission . . . through
radio salesmanship, store operation and
executive work.
Success — In Spare Time!
I didn't have to give up my regular job.
I learned at home during my spare time.
And I actually learned by doing! With
the course, I received an outlay of the
finest standard apparatus with which I
was able to build radio circuits and sets
of almost every description . . . yet this
expensive apparatus cost me absolutely
nothing extra !
Even before I had completed the course
I was able to earn good money doing odd
radio jobs. And it wasn't long after that
I was able to give up my regular work and
branch out for myself as a full-fledged expert in work that is fun and extremely
profitable!
• march, 1929
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Today, my income is more than doubled
. . . and I've only just started! I'm certainly happy that I found this short cut to
Read This Thrilling
FREE Book
Frank Halloran's wonderful success is just another
typical example of the success which the Radio Institute isbringing to hundreds of men everywhere
through its wonderful Home-laboratory training . . .
the only official radio training based on the inside
knowledge of radio developed in the great experiAmerica!mental laboratories of the Radio Corporation of
There is an amazing opportunity for you in Radio.
Manufacturers, dealers, broadcasting stations, ships
. . . all are calling for trained radio experts. The pay
isthrilling!
big — theFind
opportunities
are limitless
the work hasis
out all about
it. The —Institute
prepared an interesting, illustrated booklet telling
rou all you want to know about this vast industry
and
about
home study-course that
can fit
you thefor remarkable
a brilliant radio
career.
Just
mail
the
coupon
below and claim your copy
of this valuable booklet . . .
it's absolutely free! Radio
Institute of America,
Dept. R. B. 3, 326
Broadway, New York
Mail this
coupon
Radio Institute of America
Dept. R. B. 3, 326 Broadway, New York, N. Y.
Gentlemen: Please send me your FREE 50-page
book which tells all about the great opportunities
in Radio and about your famous home-laboratory
method of guaranteed radio instruction sponsored
by the Radio Corporation of America.
Name
Address
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WITH ALL THE PROVED PERFORMANCE OF THE
LINCOLN 8-80.
Tremendous Power without Oscillation — Tune Where You Will and Station after Station You Never Heard
Before Will Crash into Your Home with a Volume You Cannot Get on Local with the Average Receiver
10 K. C. selectivity guaranteed
Perfect stability — No squeals or howls
Marvelousintermediates
tone quality — Clough system of audio
Operated
complete
compact unit 3-7/16" x 5-1/4" x
Tunable
16-1/8" using
one 381 from
type small
tube only
High sensitivity — 2000 miles of ten-inch antenna
Elegant appearance — finely grained walnut bakelite panel
New assem
highly
Easy to build
bly designed illuminated drum dial and condenser
Hollister A. C. 8 Kit
Price $110.00
One spot registration
Hollister AB 250 Power Pack
60.00
Four A. C. screen grid stages — 425 volt output
THE

SET YOU

HAVE

ASKED

FOR

LINCOLN
8-80 ONE
SPOT
SUPER
D. C.
PROVEN BY HUNDREDS OF SET BUILDERS TO BE THE MOST POWERFUL RECEIVER ON THE MARKET
5000 miles with loud speaker volume
43.50
Lincoln 8-80 Kit
Only
one
refund
asked
in
seven
months'
production
Lincoln
HOB
Operated by two small bone dry rectifiers
$92.65
Lincoln Engineering has been endorsed by hundreds of custom set builders. Our big volume of sales is directly
due to the wonderful reputation gained through actual performance, and not advertised claims.
The Lincoln 8-80 has pioneered the way for better, long distance reception.
From Waukegan, III. — comes the report of every frequency logged from 500 KC to 1210 KC, except 880 and 1020 KC.
From the Hills of Kentucky — "300 stations logged in one week, 25 being on the West Coast, Mexico and Cuba, and many 50 and 100
watt stations. "
From Battle Creek, Mich. — "No trouble getting CMC, Havana, while KWKH is on the air and KGO at Oakland while KTHS and
Winnepeg are on full blast. "
LINCOLN
329 SOUTH
Authorized Distributors for
Lincoln 8-80
W. C. BRAUN CO.
563 W. Randolph St., Chicago
WESTERN RADIO MFG. CO.
128 W. Lake St., Chicago
ELECTRIC & RADIO SUPPLY
22 N. Franklin St.. Chicago
CHICAGO RADIO APPARATUS
415 S. Dearborn, Chicago

RADIO
WOOD

ST.

—

CORPORATION
CHICAGO

LINCOLN RADIO CORP., Dept. B
329 South Wood St., Chicago, III.
Send me full information on your products,
for custom set builders.
I have never received one of your catalogs.
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- ILLINOIS.
Authorized Distributors for
LincolnLABORATORIES
8-80
KLADAG RADIO
Kline Bldg., Kent, Ohio
HENRY L. WALKER CO.
27 E. Jefferson, Detroit, Mich.
CO. Wash.
520-2nd WEDEL
Ave., Seattle,
335 W. SHURE
Madison BROS.
St., Chicago
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Australia

to

York-—
New
Verified.
Reception

done— of

course— with

The great Sargent-Rayment 710
— aptly termed "The Boss of the
Air." Everything the most fastidious listener might want — an
ultra-sensitive and knife-edge tuning set, which can, nevertheless,
be operated when desired as a
real one-dial set — with tone
quality unsurpassed even in sets
not designed for unusual selectivity. All this at $130.00 for the
KIT, or $175.00 WIRED— both
prices including cabinet!
Giant

Now a Speaker Made as
Good as S-M Amplifiers
The S-M Dynamic
Speaker, now announced
for the 6rst time, establishes still more firmly
the superiority of S-M
sound amplifying equipa speakertosupreme
in itsment— ability
handle
without distortion an
amazingly large amount
of power. Has the new
S-M 229formeroutput
built in, transwith
output taps providing
proper impedance
matching for use with
171, 250, or the new
intermediate power
tubes, singly or in pushpull.
850, forTwo110 types:
volts A.S-MC.
(using '80
$58.50.
S-Mrectifier
851, fortube)
110
volts D. C, $48.50.

an

S-M

Receiver!

23. 1-. Service
AUSTRALIA to New York City on
We are in receipt of your
.^V. 353 meters! Direct verification
letter, undated,
and havethe
pleasure
in confirming
Mr.
tfllliamAvenue,
from Station 2BL in Sydney, New
128 York
Poet
items
mentioned
by
lev
City,Parzelt.
having been broadcastyou byas
South Wales, to a listener by the Hudstation. glad to hear
U.S.A.
Wethis
son— one of the many thousands who
fromareoveralways
the seas , and hope
have successfully employed the S-M
to- hear from you again vrith
Sargent-Rayment Seven to break
regard to our transmission
through congested local interference.
We congratulate Mr. Parzelt on this
feat of reception, and are happy to be
able to supply, to all who desire it, a
receiver of such caliber.
Second only to the Sargent-Rayment, and nearly as famous for its distance records — including
reception from Japan in many parts of the U. S. — the S-M 720 Screen-Grid Six brings surpassing radio quality within the moderate-priced range. It contains the same matchless S-M
Clough-systcm audio transformers. KIT $72.50; beautiful metal shielding cabinet extra $9.25.
WIRED complete in cabinet, $102.00.
- Voiced

^ Yet

Pure

-Toned

Never before has such an amplifier as the S-M 690 been available to the
setbuilder and service man! It brings within his control installation jobs in
theatres, auditoriums, and for all public occasions. The public, thoroughly
awakened by the talking-movie, is demanding life-like high-power sound
amplification
whereabout
formerly
ears were strained
to "catch
high with
spots."
Find out today
the remarkable
things that
can bethedone
an
amplifier delivering such tremendous power output as 15.000 miliwatts —
from phonograph, microphone, or radio-detector input — with three-point
switcheveroninput the
panel,taken.
as well as a knob giving smooth fading control whatis being
S-M 690 Amplifier is built on a black crackle-finished heavy aluminum
panel 12x21 inches. Uses seven tubes: 1st stage, one '26;
2nd stage, two '27's in push-pull; 3rd stage two '50's in pushpull;
two '81assembled
rectifiers. complete
All power less
fromtubes,
110-volt
List price,
$245.A. C. socket.
And the S-M 678PD — powerful enough for small theatres
and almost any dance hall, yet priced so low as to be ideal for
the home also — supplies, by use of the S-M Clough audio
system,
undistorted
powersupplies
of a '50field
type current
tube to also.
any
110-volt the
D. C.fulldynamic
speaker;
All power taken from 110-volt A. C. light socket. Price
WIRED $73; complete KIT $65.
Get the new S-M catalog — and begin today to look about
you for the opportunities that exist everywhere to make good
money by installing S-M amplifiers.
The Radiobuilder, a monthly publication telling the very
latest developments of the S-M laboratories, is too valuable
for any setbuilder to be without. No. 9 (Jan. 1929) gave full
particulars about the new apparatus described above, long
before it was available in any other form. Send the coupon
for free sample copy, or to enter your subscription if you want
it regularly.
but do not have as yet the S-M
professionally,
If you buildService
Station appointment, ask about it.
Authorized

SILVER-MARSHALL,

838 West Jackson Blvd.,

Inc.

Chicago, U. S. A.
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Silver-Marshall, Inc.
n
838 W - Jackson Blvd., Chicago, U. S. A.
....Please send me, free, the complete S-M
Catalog;
also sample copy of inThestamps,
Radiobuilder.
For enclosed
send me the
f ollowing:
. . 50c Next 12 issues of The Radioouilder
.. SI .00 Next 25 issues of The Radiobuilder
S-M DATA SHEETS asf ollows, at 2c each:
. .No. 1 .670B. 670ABC Reservoir Power Units
. .No. 2. 685 Public Address Unipac
..No.Wave
3. 730.
731, 732 "Round-the- World" Short
..No.f ormers
4. 223.Sets 225. 226. 256. 251 Audio Trans. .No. 5. 720 Screen Grid Six Receiver
.. .No.
' 40"Coast-to-Coast"
Screen
Four and
.No.6766.7.675ABC
High- Voltage
Power Grid
Supply
Dynamic Speaker
Amplifier
.. .No.
.No. 9.8. Sargent-Rayment
Seven
678PD Phonograph Amplifier
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r I ''HE issue before you might be called a special tube number. In addition to the series of charts and explanatory
curves which accompany them, we present the article by K.
S. Weaver of the Westinghouse Lamp Company on the characteristics ofthe 250-type tube, some data in "Strays from
the Laboratory" on new English tubes of interest, and a
useful article by G. F. Lampkin on the use of a vacuum tube
circuit to measure very small values of a.c. with inexpensive
apparatus.
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CALL especial attention to the new section of Radio
Bboadcast, "In the Radio Marketplace." This new
news section of the magazine will, as our plans develop, become increasingly useful to every reader who is in the radio
industry. A new feature, prepared with much the same purpose as our famous "Laboratory Data Sheets," appears in
the "Marketplace" this month. It is the "Radio Dealers'
Notebook" containing complete information every month
on one subject of interest to those who serve the public, radiowise. We welcome suggestions as to how this feature can be
broadened to be of increased value. The article by Charles
Williamson on page 299 describing an automatic volume
control should be of interest to experimenters and to advanced
servicemen who may find it possible to install the device on
receivers owned by their clients who are interested in owning
the latest improvements.
THE April Radio Broadcast will contain among many
others, an interesting article by Roger Wise on "Characteristics ofFilament
Typesecond
Rectifiers,"
with many
tables and
curves; the
article illustrated
by Prof. Terman
on
"Detection" will appear, this one being devoted to "power
detection"; and, a story by K. W. Jarvis on "Selectivity"
- — a subject on which much should be said because increased
attention is being devoted to it.
MANY radio companies are sending printed matter by
mail to radio dealers and radio service organizations,
particularly the former. Much of what they send is of prime
interest to servicemen and the technical head of the business,
who, parenthetically, is often one and the same person. It
is an unfortunate fact that as things are, much of this information which servicemen really could use never reaches
them. The answer ? Well, we would rather the mail be addressed to the serviceman or technician than campaign to
change the habits of the dealer who offends.
Willis Kingsley Wing.

TEBMS: $4.00 a year; single copies 35 cents.
.4/; rights reserved. Copyright, 1929, in the United Stales, Newfoundland, Great Britain, Canada, and other countries by
DOUBLEDAY, DORAN & COMPANY, INC., Garden City, New York
MAGAZINES . . .
Country Life, World's Work, The American Home, Badio Broadcast, Short Stories, Le Petit Journal, El Eco, Frontier Stories, The American Sketch, West.
BOOK SHOPS (Books of all Publishers). . . .
New York: <Lord & Taylor, James McCreery & Company, Pennsylvania Terminal. 166 West 32nd St., 848 Madison Ave., 51 East 44th Street, 420, 526. and
819 Lexington Avenue, Grand Central Terminal, 10 Wall Street> Chicago: <75 East Adams Street> St. Louis: <223 N. 8th St. and 4914 Maryland
Ave. > Cleveland: <Higbee Company > Springfield, Mass: < Meekins, Packard & Wheat.
OFFICES . . .
Garden City, N. Y. New York: 244 Madison Avenue. Boston: Park Square Building. Chicago: Peoples Gas Building. Santa Barbara, Cal. London:
Wm. Heinemann, Ltd. Toronto: Doubleday, Doran & Gundy, Ltd.
OFFICERS . . .
F. N. Doubleday, Chairman of the Board; Nelson Doubleday, President; S. A. Everitt, Vice-President; George H. Doran, Vice-President; Bussell Doubled ay
Secretary; John J. Hessian, Treasurer; Lillian A. Comstock, Asst't Secretary; L. J. McNaughton, Assl'l Treasurer
page 288 •
0 march

RADIO BROADCAST

ADVERTISER.

*^»

FILTER
TfHE Master Hi-Q 29 is the only circuit permitting
the use of shield-grid tubes at their maximum
amplifying ability.
So remarkable has been the performance of
this receiver that not only are professional men
everywhere building it, but the engineers of
nearly a score of the foremost radio companies have purchased it either for personal
use or for laboratory experiment.
Due to the characteristics of
loosely tuned circuits, each of the
doubly tuned radio-frequency
transformers used in the Hi-Q
'29 actually constitutes a
"band-pass filter", the effect of
which is shown in the graph
below. Space does not permit full description of the
many advantages thus
gained but the informed
radio man should quickly grasp the results

Hl-tt

Effects
FlATWPtunlng
lOKCseleetirify

KRFECTtone
shown in the exclusive Hi-Q ** flattop" response curve.
The sum total of Hi-Q '29 design is a finer degree of both
sensitivity and selectivity than
has ever been known before
with the added advantages
of tone quality which experts admit is nothing
short of epoch-making.
It will pay you to write for our 80page
illustrated book on Hi-Q "BandPass tTuning"
ails of the fourandHi-Qconstruction
models. Pricedeis 25c. Use the coupon.

20
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DE

LUXE

RADIO

SERVICE

AVAILABLE

IN UP-TO-DATE

HOSPITAL

A centralized two-channel radio program distribution system has been installed in the Knickerbocker Hospital, New York City, by the Radio Corporation ofAmerica. Loud-speaker and headphone outlets are located in each of the various wards as well as the rooms occupied by
the hospital staff. At any of the outlets the listener has a choice of tuning-in either one of the two programs which are
being distributed. This picture shows an operator adjusting the control-panel dials of the new installation.

A

A

Device

for Apartment

MULTIPLE-RECEIVER

Houses

ANTENNA

SYSTEM

By V. D. LANDON
Westinghouse Electric & Manufacturing Company '

nondescript tangle of antennas
THE
on the roofs of most large apartment
houses is a familiar sight and a
frequent source of comment. The opinion
most often expressed is that human ingenuity
should be able to find a more systematic
method of providing the tenants with reception facilities. Nevertheless, no such method
previously has made its appearance, the
problem being left almost entirely to the
devices of the individual tenants.
The result is a maze of wires on the roof
which is anything but artistic. It is the "roof
jungle" of the modern city. A typical
"jungle,"
whichmileis from
a sample
of what train
is seenin
for
mile after
an elevated
New York, is shown in Fig. 1.
The "jungle"
is not in
onlya great
an eyesore
the
landlord,
but it results
deal of for
building defacement as well. Nails are driven, holes
are bored, and grooves are cut. The ideas as to
how it should be done are different with each
succeeding tenant. Fig. 2 illustrates the careless way in which many antennas are installed
by apartment-house tenants.
In a few instances, this system, or lack of
system, has been replaced by a more orderly
arrangement supervised or constructed by
the building owner. This is usually an improvement from an artistic standpoint, but
the radio reception provided is seldom satisfactory for several reasons. The antennas are
usually only a few feet above the roof of the
buildings and, as practically all modern
buildings are of steel framework, which is an
excellent ground, the effective height of the
antennas is very low. The long lead-in wires,
which are usually necessary, have a large
capacity to ground which has the effect of
partially bypassing what little signal is introduced into the antenna. Although these
long lead-in wires do more harm than good
in picking up signals, they are very effective in
picking up the noise from the various kinds of
electrical machinery distributed about the
building. Also the close proximity of all these
antennas causes a number of undesired effects.
If receivers are used that employ tuned input
circuits, it will be found that when one receiver isretuned, a change in tuning becomes
necessary in the other sets in the building.
If some tenants have receivers capable of oscillation, the reception of the others is often
interfered with. In addition, each antenna
tends to shield the others from the signals.

This article by Mr. Landon of the
Westinghou.se Company gives technical
data on a system of supplying a large
number of radio outlets in an apartment house, from a single antenna located on the roof, each outlet making
available to the particular apartment
in which it is located a signal comparable in strength to that obtained
from a good antenna. One good antenna may be used to supply about 100
outlets. The exact arrangement of the
system varies depending upon the number of outlets to be supplied and their
arrangement — each installation is to
a varying extent a special
— The job.
Editor.

The result of all this is that an overwhelming demand exists for a satisfactory system
of distributing radio signals to tenants. The
situation is so acute that builders have expres ed awillingness to delay their building
program if such apparatus would be available
at an early date. Many owners report tenants
changing apartments in trying to find a
location having good reception facilities.
A New System
THE following describes a system which
solves the problem in a manner thoroughly satisfactory to both tenant and owner.
The "roof jungle" of antenna wires are replaced by a single antenna of attractive appearance and efficient design. The signals
from the common antenna are distributed at
radio frequency to each apartment in the
building, over conductors which are enclosed
in metallic conduit.
Each apartment is equipped with a radiooutlet plate containing antenna and ground
terminals. When a radio receiver is connected to these terminals, it will perform in
the same manner as though it were connected
to a very good isolated antenna. Fig. 5
shows a schematic diagram of an installation.
The received signal causes a radio-

frequency voltage drop across Ri and this
voltage is fed to the grids of the amplifier
tubes in the antenna-coupling units. There
may be any number of antenna-coupling units
up to about ten, used on one antenna. These
are located on the roof in the pent house. The
radio-frequency transformer, Ti, in the plate
circuit of each of these tubes feeds a transmission line, or distribution riser which leads to
several apartments. The coupling tube or
"extension unit" in an individual apartment
passes the signal on to the individual receiving
former T2. another radio-frequency transset through
The unique virtues of this system are:
1.
The total
high signal
obtained.
2. The
absenceintensity
of interaction
between receivers.
3. electrical
The elimination
of
the
pick-up system.
of interfering
noise on the distribution
4. The efficient transmission of signals at all frequencies in the broadcast range at the same time.
5. The economy of initial cost and maintenance.
6. Ease of installation.
7. Businesslike
arrangement
ance of the whole
system. and attractive appearA high signal intensity is obtained by the
use of a single really good antenna and an
efficient distribution system. Interaction between receivers is eliminated by placing a
coupling tube in each apartment. Thus a
change in the tuning of any receiver does not
affect the impedance of the distribution riser
in the least. Furthermore, if a receiver oscillates, the generated high-frequency energy
does not get past the coupling tube and.
hence, does not interfere with the reception
of others, except insofar as radiation takes
place directly from the coils of one receiver to
those of another. Thus interference due to the
neighbor's birdies is reduced greatly.
The interference caused by the operation of
the various types of electrical machinery
about the building is minimized. (If course,
that portion of the radiated noise which
reaches the antenna high above the roof, will
come through. However, the strong electrical
fields close to this machinery will not be
picked up by the distribution risers. Any voltage induced in the transmission line wire is
induced in the enclosing conduit as well and
there is no effective input voltage between
grid and filament of the coupling tubes from
this source. This will often mean the difference
between good reception and poor reception
in buildings where noisy electrical machinery
is in use.

Fig. 1 — View of the "roof jungle" of radio antennas in a New lor/t City apartment-house district. The r.f.
distribution system described in this article would correct this condition
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Principle of Sysiem
T^FFICIENT transmission of signals at
J-i all frequencies of the broadcast band
simultaneously, is obtained by the use of the
principles of the loaded transmission line.
The grounded neutral circuit (similar to that
of a push-pull amplifier) is necessary to
eliminate ground current in the conduit which
woidd prevent proper loading of a single sided
line. The radio-frequency transformers are
used in the plate circuits of the couplingtubes to match properly the tube impedance
to the load.
A feature which is essential to the practicability of the system is the centralization of
the B supply for the coupling tubes, since the
cost of supplying a separate B-power unit for
each tube woidd be prohibitive. One B supply
is used for each antenna-coupling unit and
all the extension units tapped off the associated distribution riser. This is better than
a single large B supply for the entire system
because it makes a more flexible arrangement,
better adapted to fitting a wide variety of
building sizes.
The arrangement for using the r.i. distribution wires for carrying minus B, and the
grounded conduit for carrying plus B, is
rather unique and effects a distinct saving
in apparatus required. As may be seen in
Fig. 5, the grid of the coupling tube is connected directly to the line. The signals are
prevented from flowing to the filament by the
r.f. choke. The d.c. plate current flowing
in the resistor Rc supplies bias voltage for the
grid. The condenser Cf keeps the filament at
ground potential to the signal voltage. The
pipe and box are connected to the positive
B that is used as the source of B voltage for
the plate. The power transformer lights the
filament of the tube. If the negative side were
grounded and the positive side on the line, as
would be more conventional, it would be
necessary to add a grid leak and two condensers to each coupling-tube box to obtain
equivalent operation.
The economies effected by this method of
centralization of B supply, make the cost per
apartment of the installation only about the
same as the cost of a real good antenna for
each apartment.

Fig. 2 — Each tenant develops a different way to erect an antenna. The
above picture shows the careless construction of a typical apartmenthouse antenna

RADIO BROADCAST
The entire system is as easily installed and
as "fool-proof" as the wiring for the electric
lighting circuits. The distribution risers are
run in standard half-inch steel conduit (with
no appreciable increase in attenuation — to the
surprise of many) . Where possible, these risers
are run vertically from the roof to the ground
floor. Any number of coupling tube boxes
from one to five may be tapped off on each
floor. However, the usual number will be one
or two per floor in multi-storied building,
since ten coupling tubes is the practical
maximum set for one. riser. A set of loading
coils is inserted in the line on every other
floor.
Coupling Boxes Described
THEcentralcoupling-tube
boxestypes
of both
the
and apartment
are sunk
into the walls and covered with flush cover
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Fig. 3 — These circuit diagrams and formulas explain the operation of
the apartment-house r. f. distribution system described by the writer
plates. Fig. 1b provides an interior view of a
coupling-tube box showing the location of the
filament transformer, the tube, and the radiofrequency transformer.
The coils seen just above the filament
transformer constitute a set of loading coils
for the line. If the coupling-tube box is not
in a position where the loading coils are
needed, they are omitted. If a set of loading
coils is required at a point remote from any
coupling-tube box, another type of box is
used to mount them separately.
The electrical portion of the coupling-tube
box is held in place by two screws. This unit
is not inserted in the box until the rest of the
installation is complete, thus minimizing the
number of damaged units. This assembly is
shown in Fig. 4a.
The unit going in the antenna-couplingtube box is the same except that a slightly
different r.f. transformer is used. This is
shown in Fig. 4c. The r.f. unit is seen in the
top of the box. The bottom of the box contains
the B-power unit for one transmission line.
A special outlet plate is installed in each
apartment. Antenna and ground pin jacks
are provided and also a socket for plugging
in a socket-powered receiver. The switch
turns off the power on the receiver and on the
filament of the coupling tube for that apartment.
The theory of the design and operation of
the distribution system
is somewhat involved
but an attempt will—beVI
made to give it in
sketchy form. The design is based on the
principle of the low-pass filter or loaded
transmission line shown in Fig. 3b. The
formulas applying to this circuit are:
1
fc = It -y/LC"
where fc is the cut-off frequency. As shown
in the operation curve, higher frequencies than
• march, 1929 . . . page 292 9

fc are attenuated to a degree which increases
rapidly as the frequency is increased. Lower
frequencies are transmitted with practically
no loss. If E volts is applied at a frequency
lower than fc in series with the first resistor,
Rt (commonly called the generator resistance)
then E/2 volts will appear across the terminal
resistor Rt, providing the circuit is so balanced
that the two equations are fulfilled.
Fig. 3a shows a grounded neutral circuit.
These same formulas apply to a grounded
neutral circuit when the inductance used for L
is that of the two loading coils of one section
of the line in series, and the capacitance used
for C is the capacitance of one side of the line
to the other side, for a single section between
loadins- coils. The distributed inductance of
the wires is negligible in this case as telephone
twisted pair is used and there is very little
space between wires.
Solving I he Formulas
T^HERE are then a pair of simultaneous
JL equations with four unknowns. Clearly
any two of the variables may be fixed at any
desired values and the corresponding values
of the other two variables are then determined
by the two equations.
The easiest value to fix is fc. A convenient
value for arithmetical simplicity and for
practical reasons is:
fc= 1,570,000
then LC = 4xlO-»
If a convenient value is assigned to L, C, or
R, the other two values will then be fixed by
the two equations. It is most convenient to
have the loading coils a distance apart equal
to a multiple of the distance between floors
in a building since the coils may then be
placed in the coupling-tube boxes and special
boxes need not be provided and mounted. A
handy distance is every two floors, as will be
seen. This length (20 or 22 ft.) of No. 18 telephone twisted pair has a capacity of a little
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about 2.25. It is designed to match an impedance of about 2000 ohms which seems to be a
good average value for the input impedance
of the various types of receivers. To make the
impedance of the transformer more nearly
like that of an antenna, a small series condenser was added.
If a one-volt r.f. potential is applied on the
grid of the antenna-coupling tube, and the
amplification factor of the tube is nine, we
have 1x9x^5X^x1 = ^ volt applied to the
grids of the apartment-coupling tubes assuming no attenuation. The ratio of the
apartment-coupling tube transformer is 2.25

Fig. 4 — Pictures of the apparatus used in an apartment-house r. f. distribution
system. A shoivs the electrical portion of the coupling-tube box. B is an interior
view of the coupling-tube box, and C is a view of the antenna-coupling box

so that | x 9 x a.12B x 5 or 1 volt is applied to the
radio receiver input circuit if its input impedance is2000 ohms, so as to produce an
impedance match. If the impedance is other
than 2000 ohms, the input voltage may be
greater or smaller but operation has been
quite satisfactory with every type of receiver
yetSome
tried.time ago a test was made to convince
a certain apartment-house owner of the utility
of the system. A comparison was made of the
sensitivity of a receiver using first, the type
of antenna to which he had been limiting his
tenants and second the distribution riser to a
good antenna 80 ft. long and 30 ft. above the
roof. The antenna used for direct connection
to the set consisted of about the same length
of wire as was used in the antenna on the roof.
This wire ran out of a window on the ground
floor, up the side of the six-story building and
had a ten-foot horizontal section at a height
of about 10 ft. above the roof.
The distribution riser delivered more than
twenty times the radio-frequency voltage
from a local station than the direct-connected
antenna provided. This proved that the
grounded framework of the building shielded
tively.direct connected antenna very effecthe
The aim of the entire system is to provide
signals at each receiver outlet plug which
will be the equivalent of what would be obtained ifthe receiver were located on the roof
and had the antenna all to itself.
Since the antenna is to supply sucn a large
number of people, most building owners will
find it worth while to put up a really excellent
antenna when installing this system. When
this is done, the apartment is transformed
from an exceedingly poor radio location to
one in which reception is exceptionally good.

over 300 mmfd. Allowing about 50 mmfd.
apiece for an average number of coupling
tubes (two) gives a line capacity of 400
mmfd. Solving for L: (See Fig. 3a):
L=100 Microhenries
Rt=500 ohms
A hundred feet of line having these characteristics isfound to transmit signals over the
entire broadcast band with a negligible
amount of attenuation. The length of each
section of the line is not very critical. It may
be varied 25 per cent, with no bad effects.
Designing the Transformer
REFERRING to Fig. 3c. a further feature
to consider is the design of a suitable
transformer to match the plate impedance of
the tube (10,000 ohms) to the 500-ohm load.
This requires a step-down ratio of the square
root of 20 or about 1.5 to 1. Since it is impractical to build a 100 per cent, coupled
transformer, the leakage reactance must be
used as the loading inductance of the first
section of the line. The inductance of the
primary must be great enough to make an
effective transformation at the lowest frequency of the band.
Two millihenries is found sufficient for the
primary. That portion of the secondary
which may be considered 100 per cent, coupled
to the primary must have an inductance of
0.002 divided by 20=100 microhenries. Adding to this the leakage reactance of 100 microhenries gives a transformer with a 2000micro-henry primary a 200-microhenry
secondary, a mutual inductance of 450 microhenries and an effective ratio of transformation of 4.5.
It should be noted that the tube's platefilament capacity (10 mmfd.) multiplied by
the square of the transformation ratio (i.e.
20) supplies the correct terminal capacity for
the low-pass filter (i.e. 200 mmfd.).
The design of the output transformer of the
apartment-coupling tube is obtained by following asimilar line of reasoning. Its ratio is

Fig. 5 — Schematic wiring diagram of a typical r. f. distribution system of the type designed for apartment house use
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we delve into the large subject
BEFOofREmethod
s whereby recalcitrant
radio receivers may be induced to
play again sweet music, which we shall do in
following articles, we might profit by a discussion of the elements of knowledge which
the serviceman needs to have if he is to be a
really good serviceman instead of just an
"expert." There are two definite forms of
knowledge the gaining of which the serviceman may pursue, and a definition of what
each is, plus what each will do, will give us
some basis for deciding their relative importance.
Service- Manual Knowledge
LET us first consider the man whose, radio
knowledge is limited to a thorough acquaintance with the kind of service data presented in manufacturers' service manuals. He
knows the physical layout of a number of
makes and models of receivers. In a particular
model, he knows the name of each part and
it's exact placement, the number of each
tube socket, and the types of tubes which correspond to the socket numbers. He knows to
which socket prong or to what terminal of
which wire
canned
something-or-other
"unit"
each
from upeach
numbered terminal
lug
goes. He knows by heart the fact that, testing
with a C battery in series with a highresistance meter, the proper effect from lug
number 2 on the left-hand terminal strip to
prong 3 in socket 7 is a full reading of the battery potential on his voltmeter, and that if
he does not get such a reading there it will
then be necessary to replace the coupling,
audio, or power assembly which is catalogue
number 3452. He knows in detail exactly
which shields, controls, and screws to remove
and which wires to unsolder in order to remove
that part for replacement, as well as exactly
the quickest and easiest way to install the
new part.
The man who has that sort of knowledge,
all of which can be memorized, like dates in
history, from the service manuals put out for
dealers and distributors by all reputable
manufacturers, can do a number of things
with it. Servicing a given model and its associated apparatus, with which he has become familiar by studying the manual and by
actual practice on that model, he can find and
cure all of the ordinary run of troubles in
nearly the minimum of time required. He can
also find and cure, from instructions given in
the manual, most of the more usual anterinagrourid system troubles. If the customer is
present, he will give the impression, by the
ease and rapidity with which he works, that
he is a thoroughly competent, highly trained
serviceman. Those things are assets which are
unquestionably of great value to every
serviceman and every service organization.
But, suppose that this man is called upon to
service a receiver, of even the same general
type as some of those with which he is intimately familiar, the service manual for
which he has been unable to obtain, or having
obtained one has not even looked at it.
(Servicemen have been known to neglect
those things, alas!). Suppose also that the
chief engineer employed by the maker of this
set has unique (and always superior) ideas of
the proper placement of sockets, terminal
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MAN

SHOULD

STUDY

JOHN S. DUNHAM
QRV Radio Service, Inc.

strips, wires, and other parts. The serviceman with only the kind of radio knowledge
we have described would be completely at
sea, and, on that particular job, he would be a
total loss to both himself and his organization.
Even taking for granted that a serviceman
could obtain all the service manuals for all
the models of receivers put on the market by
the large number of reputable manufacturers,
it is by no means safe to assume that he would
be willing to memorize them to the extent
necessary if he is to depend upon them as his
only source of service information. Neither is
it safe to assume that he will never be called
upon to service a Ware "T," a Ther-mi-odyne, a deForest, or any one of the fourmillion, sets "designed" and built by an
"expert radio engineer" who is always a
"personal friend" of the afflicted but innocently enthusiastic customer. The manufactured sets in daily use. the manufacturers
of which are no longer extant and for which
no service manuals were ever printed, as well
as those sets built by individuals, still comprise a very large proportion of the total
number of broadcast receivers which are entertaining or annoying — depending largely
upon
one's
degree of
— the
American nation,
andmusical
which education
cannot, therefore, be ignored by servicemen.
Bask Knowledge
LET us now consider the man who has a
broad knowledge of the fundamental
theories of tube and circuit operation and
thorough understanding from experience of
how those theories work out in the few basic
kinds of circuits which are in general use,
but who has never seen a manufacturer's
service manual. Such a man knows approximately what sort of operation to expect
from any receiver, because he is familiar with
the general results to be expected of that
particular type or combination of types of
circuit. He knows approximately what
voltages and currents to expect at various
points. He knows the order of values of resistors, capacities, and inductances used, and
something of the degree of overall gain to be
expected. He is capable of servicing any
make or model of receiver and of solving
any problem of cause of trouble as well as the
problem of curing any specific trouble found,
without having to see the. service manual for
that particular model of receiver. Because of
his general circuit knowledge he can trace out
the particular circuit arrangement used, to
discover where each part is, and because of his

If the customer is present the serviceman will give the impression
that he is thoroughly competent.
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basic knowledge of operation of circuits he
can determine definitely whether each part is
functioning properly. If any part is failing to
do its job, he does not need service data
sheets to tell him how to determine why, or
what to do about it.
The man who has that sort of radio training
derives from his work a degree of real pleasure,
by virtue of his ability to apply technical
knowledge and logical thought to the solution
of his service problems, which can never be
realized by the man who exercises only his
memory of picture diagrams of sockets, terminal lugs, and canned units.
Looked at from the standpoint of service
efficiency, however, the work of the man we
have just described may not be ideal. Service,
to be efficient, must be done thoroughly and
it must cope adequately with every problem
that arises, no matter how complex, but it
must also be done in the shortest possible
time. The man who can find and cure any
trouble which exists in any radio receiver by
reason of his broad technical knowledge,
but who is not also familiar with the physical
layout of parts and terminals, color codes,
and most of the specific data of that nature
given in service manuals, is laboring under a
serious disadvantage. While he is capable of
discovering whatever of those details he may
require in order to service properly a particular model, it will take him far more time
to do so on each job than would be required
had he studied the manual. And time, in the
radio service business, represents money just
as fully as it does in most other fines of endeavor. While most of us are repairing radio
receivers rather than selling bonds, neckties,
or what-have-you because we happen to like
it better, there are few of us who are not also
under the necessity of deriving from it our
daily bread and frequent larger sizes of small
shoes.
Ideal Knowledge
LET manus, who
then, has
consider
the of
merits
of the
the kind
memorized
knowledge which may be obtained from
manufacturers' service manuals, and who
also has a broad background of knowledge
of the theories underlying the operation of
radio receivers in general coupled with extensive practical knowledge of how those
theories
are in use.perform in the types of circuits which
Such a serviceman can complete the
ordinary service job even faster than the
man who has only service-manual knowledge,
for his additional technical training and
experience very often enables him to make a
more rapid diagnosis of the trouble, eliminating some of the steps required by the
narrowly trained man. He is not stuck by
troubles that are unusual, but confidently
attacks each job with the unflurried assurance
that no matter what the trouble may be, he
can discover it, determine its cause, and effectively cure it. Whether he is curing a
trouble as simple as the need for replacement
of a thoriated-filament tube whose emission
has become too low, or a trouble as comparatively elusive as the detuning effect due
to imperfect contact, caused by oxidation,
between an r.f. stage shield and its base, he
makes a very favorable impression on the
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A serviceman may be called upon
to repair any one of the four million sets "designed" and built by
an" expert radio engineer."
customer by the rapid, thorough, and confident manner in which he goes about it. He
cures all of the troubles in a receiver, for he
discovers minor troubles which very often go
unnoticed by the narrowly trained man, and
when he has finished his work it is rarely
necessary to service that set again for a reasonable length of time.
That kind of a serviceman is, so far as his
service efficiency goes, the ideal type. If he is
working alone, he will be able to make a
really adequate living from his work, and he
will soon have to employ other servicemen to
help him take care of the demand for such
unusually good service. If he is an employee,
he will help greatly to increase the number of
steady customers of his organization, and it
follows that his pay will steadily increase
and that he will be given larger responsibility
as the growth of the business necessitates
more executive work.
Acquiring Knowledge
HOW can all this knowledge and experience
be acquired? First of all, we must have
a strong desire to acquire it in order that we
may have the great satisfaction of knowing
that our work is really well done and in order
that we may attain any real degree of success
in the work we have chosen to do. Obviously,
the man who relies solely upon the practical
experience he can get from actually servicing
radio receivers, and does not supplement
that with study, will never be a good serviceman. Neither will study alone make a good
serviceman. Practice and study must go
hand in hand, each supplementing and guiding
the other, and proficiency cannot be attained
in a few months, but can only be acquired by
years of steady interest and effort.
The best source of detailed knowledge of
particular models of receiving sets is the
manufacturer's service manual or servicedata sheets. Most manufacturers have discovered the hopelessness of the task of instilling into the average dealer the fact that it
would pay him to give really efficiency service
to his customers, something which was discovered bya good many service organizations
a number of years ago. Some few of the more
progressive manufacturers have awakened to
the fact that, because of the attitude of the
average dealer toward service, most of the
service on their sets is performed by service
organizations after the end of the period
during which the dealer gives free service.
Wanting those service organizations to perform really good service on their sets, they are
more than glad to help by furnishing service
data on all models upon receipt of requests
written on the business letterheads of such
concerns. Radio Broadcast has been publishing, starting with the June, 1928, issue, circuit
diagrams of manufactured receivers together
with some of the important data about
resistance and capacity constants, and voltage
values, which are of considerable aid in the
absence of the more complete data usually
furnished by the manufacturer.
For the more interesting, and far more
important study of the basic principles, there
is no single source which is more complete
and authoritative than Professor J. H.
Morecroft's book, Principles of Radio Com-

munication. Itis published in New York by
John Wiley and Sons, Inc., and can be obtained directly from them, or from any good
bookshop, at a cost of $7.50. The price may
seem high, but as an investment in the acquiring of knowledge its worth is tremendously
A shorter
work,havewhich
excellentgreater.
but which
does not
the issame
wealth of material, is the Army Signal Corps
handbook, Principles Underlying Radio Communication, written by Dr. J. H. Dellinger
of the Bureau of Standards, with the assistance of six other well-known physicists
and radio engineers, and one well-known
professor of mathematics. It may be obtained,
at the ridiculously low cost of one dollar,
from the Superintendent of Documents,
Government Printing Office, Washington,
D. C. The author of this article strongly recommends that those of you who have not
read either of these books write immediately
to Washington for the latter, and when you
have assimilated all of it, then tackle the
Morecroft. One other publication which is an
invaluable addition to any radio library is
the Bureau of Standards Circular No. 74,
Radio Instruments and Measurements. It may
be obtained, for sixty cents, also from the
Superintendent of Documents. If your mathematics has become rusty, or if you did not
have enough of it in high school, then there
is a textbook by George Howe, Mathematics
for the Practical Man, which assumes only a
knowledge of elementary arithmetic and gives
you in a very easily understood form exactly
what you need for a thorough understanding
of Morecroft. It is published by D. Van
Nostrand and Co., New York, and costs $1.50.
While there are a number of current periodicals which contain articles of value, it is the
opinion of the author that it is a mistake to
attempt to read all of them, and that one good
radio magazine is a sufficient supplement to
one's
study ofBroadcast
books. It contains
is also hisa opinion
that Radio
greater
amount of material which is of importance
to the serviceman than does any other periodical. The "Home Study Sheets," "Laboratory Information Sheets," and "Strays from
the Laboratory," which appear monthly, are
mines of clearly presented useful information.
There also have been, and will continue to be,
various technical articles on timely subjects
which no radio serviceman can afford to miss
if he is to keep step with new developments
in the radio art.
List of Books
[In the preceding paragraphs Mr. Dunham has endeavored to point out the sources
where the radio serviceman may obtain accurate information on the phase of radio in which
he is interested. If the various books referred
to are studied carefully it will be found that
they answer practically every requirement.
However, the Editor appreciates the fact that
the ambitious serviceman will desire to have
available a number of reference books and the
following fairly inclusive list has been prepared to answer this need. The books named

Practice and study must go hand
in hand
below are what we consider the more important radio publications and the descriptive
sentence following each title will help classify
the book in the reader's mind. — Editor]
Radio Instruments and Measurements. A 345-page
book, presenting
information
regarding 295
the
more used
important instruments
and measurements
actually
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// he helps to increase the number of steady customers of his organization itfollows that his pay
will increase steadily and tluxt he
will be given larger responsibility
in radio work. The contents is of interest to all radio
engineers. The book is published by the Department of
Commerce and is known as Circular No. 74. Obtainable
from the Superintendent of Documents, Government
Printing Office, Washington, D. C, for sixty cents.
Principlest publication
Underlying Radio
Communication. This
Another
governmen
to be recommended.
book
is quite an excellent elementary textbook of radio and
general
electricity
and
may
be
easily
understood
by
anyone with a fair knowledge of algebra. Everyone should
have it. It is known as Radio Communication Pamphlet
No. 40,mentandPrinting
the Office,
Superintendent
Documents, Governsells it for of$1.00.
Principles
of
Radio
Communication,
J. H.on Morecroft. This is probably the most completeby book
radio
engineering. The text, deals with all phases of the art of
radio communication
and
the
treatment
is
very
complete, the book containing about 1000 pages. John
Wiley and Sons, Inc., New York City, Price: $7.50
Thermionic Vacuum Tube, by II. F. Van Der Bijl. An
excellent book setting forth the principles of operation
of vacuum tubes. It is a very useful book for any radio
engineer.
McGraw-Hill Book Co., Inc., New York City.
Price: $3.00.
Radio Engineering Principles, by Lauer and Brown.
Afor book
than are
Morecroft's
but aexcellent
those less
whoseextensive
requirements
satisfied with
shorter
and less expensive text. It is a very scholarly presentation. McGraw-Hill Book Co., Inc., New York City.
Price: $3.50.
Radio Frequency Measurements, by E. B. Moullin. A
book dealing with the theory and practice of radio
measurements. A handbook for the laboratory and a
textbook for advanced students. Many of the measurements are made with the aid of the vacuum tube voltmeter. Published in England but it can be obtained
from the J. B. Lippincott Co., in Philadelphia. $10.00.
Practical Radio Construction and Repairing, by Moyer
and Wostrel. This book aims to be of service to the
amateur constructor and radio serviceman. It is
essentially
practical
in itsCity.
treatment.
McGraw-Hill
Book Co., Inc.,
New York
Price: $1.75.
Practical Radio Telegraphy, by Arthur R. Nilson and
J. L. Hornung. A book expressly for radio students preparing to become radio operators. It will also prove
useful as a general handbook on the use and care of
modern radio transmitting and receiving equipment. McGraw-Hill Book Co., Inc., New York City. Price: $3.00.
The Elements of Radio Communication, by 0. F.
Brown. This book describes the fundamental principles
governingforwardradio
simple straightlanguage, communication
supplemented byindiagrams.
The use
of mathematical formulas has been reduced to a minimum,ployedalthough
a
few
algebraical
expressions
are emwhere they are essential. Oxford University
Press, New York. Price: $3.50.
Principles of Modern Radio Receiving, by L. Grant
Hector. A 305-page book designed to give to the intelligent but non-technically trained man a unified picture
of the science of radio and to give some concrete informaceivers.
tion to theBurtondesigners,
and sellers
Publishingbuilders
Company,
Buffalo,of radio
N. Y. reRadio Theory and Operating, by Mary Texanna
Loomis. A complete textbook of 992 pages covering the
theory of radio communication. In addition it aims to
prepare the student to become a radio operator and
make it possible for him to pass the government radio
operator's
Washington,examination.
D. C. Price: Loomis
$3.50. Publishing Company,
Radio, by Elmer E. Burns. An excellent course of
study on radio for students with high-school preparation
in physics and mathematics. It serves as an effective
introduction to an advanced text. D. Van Nostrand Co.,
New York City. Price: $2.00.
A Treatise on 25 Testing Units for Servicemen, by John
F. Bider. This book provides much practical data on
the servicing of radio receivers. It describes the construction and operation of many useful laboratory
instruments. Radio Treatise Company, New York City,
Price: $1.00.
A Laboratory Treatise on R Raitery Eliminator Design
and Construction,
F. Rider.
This book radio
is a worthwhile addition tobya John
library
of elementary
texts.
It sets forth the essential principles of the design and
operation
of
B-power
units
and
is
of
value
to
servicemen
and set-builders. Radio Treatise Company, New York
City. Price: $1.00.
Sheets.and This
book information
consists of
190Radio
short, Broadcast's
articles givingDataconcise
accurate
in the field of radio and closely allied sciences. The book
is full of practical information of value to the radio
serviceman,
set-builder,
and experimenter.
Doubleday.
Doran and Co.,
Garden City,
N. Y. Price: $1.00.
How Radio Receivers Work, by Walter Van B: Roberts.
This book is designed to lay a firm foundation of qualitative but definite
that will enable
the reader*
understand
clearly ideas
the operation
of a radio
receiverto
and to read with benefit the more complete treatments
of the subject. Radio Broadcast, Garden City, N. Y.
Price: $1.00.
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served with precisely the informary is ention he needs in a few regularly
THE rad
ingust
in sellind
devices for
gagedio
scheduled
minutes of each day.
reproducing broadcast proAn illuminating instance occurred
grams in the home. Only to the
degree that radio entertainment
recently in New York demonstrating that radio service to the
is acceptable to the listening
business
man is appreciated.
.
public does its market expand
Wmca has been broadcasting a
This season's enormous sales are
brief news summary and stock
due as much to general program
market reports regularly in the
progress as to increased simpliclate afternoon for some years.
ity of receiver operation and
Under the new allocation, it
maintenance. Stabilization in
shares with wnyc, the municipal
receiver design precludes the
station of the City of New York.
likelihood of revolutionary sales
On one occasion, wmca relinstimulation because of the apquished the time devoted to this
pearance ofentirely new types of
,
service,
in order that wnyc might
h
ers
except throug the
receiv
ms
broadcast
a glowing description
on
y
ble
soluti of the man pro
of the accomplishments of the
retarding the commercialization
of visual reception.
city's administration
occasion of the opening atof the
a new
For the moment, we dismiss
high
school.
When
the
customary
the possibility of television betime for the stock market quocause it is predicated upon considerable technical development
tations came around,
wmca's
switchboard
was immediately
and upon the establishment of
an entirely new broadcasting
tied up by numerous phone calls
from protesting investors and a
structure. We are not in poslarge number of telegrams and
session of sufficient proof of its
reasonably early development as
letters, objecting to the suspension of this surprisingly impora commercial product to predict
tant service, were subsequently
whether it will be a vital sales
received.
Unquestionably, by
factor within one year, five years,
judicious planning, not only can
or twenty. The commercial hislarge and valuable audiences be
The neivly appointed Royal Canarlian Radio Commistory of the motor car, the airbuilt up for business purposes,
sion who will investigate broadcasting conditions in the
plane, and radio broadcasting
but
with them, a new market for
Dominion . From left to right they are; Charles A. Bowitself is illustrative of the long
man, Donald Manson, Dr. Augustin Frigon, and
period which may elapse between
radio receivers of far-reaching
(seated) Sir John Aird, chairman of the Commission.
elementary discovery and genDuring the evening hours,
eral commercial development.
proportions.
As early as 1899, substantial
program development may also
stock flotations were launched successfully
cently suggested the idea of a radio set for every
broaden radio's appeal. The tendency of
by companies proposing to exploit the radio
oilice. The present-day program offerings,
the last few years has been principally
in the direction of expansion of networks,
telephone and old t imers in radio recall enterhowever, have little more appeal to the avertainment programs heard with crystal sets
age business institution than a kitchen cabinet
better pick-up technique, and higher arbroadcast as early as 1910, 1912, and 1915.
or a phonograph. A fundamental change in
tistic quality. Radio sales have also been
Yet we waited until 1923 before there was
the character of daytime programs is necesgreatly
stimulated
by "greataddresses,
event" proa substantial market for home reception.
sary to develop a market for radio reception
grams,
such as presidential
poin the business world. It is one. however,
Assuming that neither visual broadcasting
litical speeches, sporting events, and recepnor radical improvement in the receiver itself presenting great possibilities if the broadcasttions to public heroes. Unquestionably, we
are certain to bring about another recording interests possess sufficient initiative to have bigger and better radio programs. This
breaking season in the immediate future, we
depart from present trends. These possibilities
is, however, only normal progress and not
might conclude that we have before us only
are worthy of the utmost consideration by any unexpected manifestation of program
an era of ordinary, though presumably prosingenuity. Departures from the beaten track
broadcasting managements because the estabare few but encouraging
perous, commercial competition, with radio
lishment ofspecialized audiences at hours now
reception as stabilized as the motor car, the of small commercial value means proportionThe continuity program, pioneered four or
typewriter, and the electrical refrigerator.
ately increased revenue possibilities.
five years ago in the early Eveready hours
under the direction of Paul Stacy, first brought
Under those conditions, merchandising skill,
Certain stations have established daytime
service support, and advertising ideas will
of considerab'e value. While the out the possibilities of this field of radio presaccount for the commercial successes of the audiences
entation. While Eveready hours stood alone
average standard of programs addressed to
the housewife are hopelessly mediocre and in this field, their successes were national
future.
Indeed,
this
year's
outstanding
radio
surprise is directly a product of merchandising
fall far short of their mark, nevertheless they triumphs and their failures appeared to be
aggressiveness and a successful appeal to have demonstrated the great possibilities of artistic disasters. Seeking the impossibility
dealer cooperation. Considering that we are
daylight broadcasting. During the day, the of pleasing everyone, Eveready abandoned its
major part of these programs is direct ad- brilliant contribution to broadcasting after
far
from
radio's
saturation
point
and
over
half the receivers in use are already obsolete,
vertising ofthe most flagrant character, re- two seasons of encouraging experiment and
this prospective era of intense commercial
stricting response to an ^discriminating
rejoined the throng of orchestras with vocal
competition is by no means a dismal one.
though nevertheless large audience. Daytime
and celebrity programs, only recently returnThe 1928 sales record will probably stand no farm programs have'also reached many listening to a more progressive policy. But such a
healthful
trend could not be resisted and the
longer than the end of 1929. There is ample
ers and great political addresses delivered in
normal demand for radio reception to insure a daylight hours have been rewarded with
continuity
is back again in full swing. Nothhuge sales volume for many years to come.
adequate response.
ing has done more to restore it to favor than
The basic commodity of the radio industry,
EXAMPLE OF BUSINESS APPEAL
the
of wort's
radio programs themselves, however, offer
Streetoutstanding
Sketches," success
which have
been "Main
found
new avenues of public appeal which may
There has not, however, been any conclusufficiently
popular
to
prove
worthy
of
imitauncover unexpectedly large sales fields. Our
sive test of appeal to the business man. One
tion before every important microphone in
competent contemporary Radio Retailing, re- requirement which must be met is that he be
the East. The commercial sponsor's demand
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RADIO BROADCAST
for universal appeal has discouraged program
pioneering in spite of the fact that radio has
scored a much higher percentage of successes
with the continuity than its nearest counterpart, the dramatic stage. The continuity has
the very important advantage to the commercial broadcaster that it holds its audience's
thoughtful attention instead of serving as an
almost unidentified background of musical
entertainment. We regret that, although the
continuity has won a permanent place for
itself, most program directors have merely
copied the few outstanding successes, despite
the infinite variety of original characterization open to writers of continuity scripts.
DRAMATIC PROGRAMS
In the field of radio story telling and enactment, adistinctly different field of continuity, the True Story hours are the representative success in the field. A higher plane of
story structure is conceivable, but, for vividness of presentation and broadness of appeal,
they are superior to later imitations.
"Great Moments in History" remain the
unquestioned leaders in serious dramatic presentation ofthe full-time continuity type. But,
for pure acoustic artistry, they have been excelled bythe N . B.C . 's " C entral Park Sketches "
and " Interborough Sketches." Their author
has caught radio's most illusive quality, vividness of word-picturization. We predict that
they will be widely and often unsuccessfully imitated. Though somewhat buried in an obscurity by a maze of conventional orchestral and
vocal features, we regard these short dramatic
novelties as an important trend because they
have a substantial appeal to a distinctive
strata of the radio audience, some of which
may be hostile to the stereotyped program
trend.
Finally, the Damrosch symphonic educational programs offer a new audience appeal,
which means that radio tubes will be functioning at hours when they have been accustomed
to rest. That is the real test of an expanding
radio market, a program appeal which attracts new listeners and increased listening
hours. We are not attempting to review program progress from the standpoint of higher
general standards but from that of broadened
appeal. We expect radio programs to improve
because steady progress is necessary to maintain its position in competition with its real
competitors, the phonograph, the motion
picture, and the motor car. Expansion of
radio's market requires more
than holding its own against competing forms of entertainment. It
must swing into the fold entirely
new listening groups or increase
the listening hours of its established followers. Creators of new
program services make liberal
contributions to radio's potential
market. The association of program development with the prosperity of manufacturer, jobber,
dealer, and radio serviceman is
an intimate yet generally unrealized interdependence.
Radio Service to
Aviation
NG at the autumn
SPEA
ting of the National
meeKI
Academy of Sciences, Dr.
E. F. W. Alexanderson described
a promising line of research which
he has been pursuing, looking
toward the development of a
means of measuring the height
of an airplane above ground.
The altimeter, which is conventionally employed, measures
barometric pressure and, therefore, gives no indication of height
above ground unless the aviator
happens to know its exact alti-

A New

tude. Furthermore, the changes in barometric
pressure, accompanying changed weather conditions, must be compensated.
The principle of the Alexanderson device is
simple. A high-frequency continuous wave is
radiated from the plane in flight and the
component reflected from the ground is used
to heterodyne the frequency generated at the
transmitter. When the plane is at a height
above ground which is an exact multiple of
the transmitting wavelength employed, the
reflected signal balances out the radiated
signal and the minimum signal is received.
As the plane rises through the distance of a
wavelength, the signal goes through a complete cyclic change. A graphic record, made
on experimental flights, shows that altitudes
up to 4000 feet have been determined quite
accurately by the method, following exactly
simultaneously recorded readings made with
an altimeter. The wavelength used was 95
meters and each cycle of the record represents
an altitude change of 155 feet.
A POSSIBLE DEVELOPMENT
Dr. Alexanderson made several suggestions
as to possible lines of development. He proposes the use of two antennas with an oscillator in each, one having a wavelength of ten
meters and the other of eleven. The beat frequency ofthe two oscillations is then detected
and observed. The frequency will be of the
order of 3,000.000 cycles but the signal intensity will change cyclically as the plane changes
in altitude. It will pass through maxima when
the echo wave tends to decrease the frequency
of the eleven-meter oscillator at the same
time that it increases the frequency of the
ten-meter oscillator, producing maxima at
heights of 25, 75 and 125 meters, corresponding to 80, 240 and 400 feet.
The experience with the new system is
naturally limited and, considering the peculiarities of short wave radiations, it is quite
possible that ground conditions will cause
sufficient variations in the character of the
reflected wave to create practical difficulties.
It requires a fair amount of equipment aboard
the plane and skillful manipulation and,
while the duties of the pilot are so manifold,
concerned not only with actual piloting but
watching of motor indicators, radio communication, and navigation, it is unlikely that
so complex a system will have much practical application until it is further simplified.
But Dr. Alexanderson has pointed the way to

a fundamental method which shows great
promise in solving an important problem
in aerial navigation. The trend of development
may be in the direction of ground altitude
lighthouses which simultaneously radiate
two waves of slightly different frequency, operating an automatic altitude indicator
aboard the plane. This may be calibrated in
feet above ground so that no manipulation
will be required on the part of the pilot. The
transmitting frequency selected will be such
that the pilot can judge with fair accuracy
whether he is one, two or three wavelengths
above the beacon. For fog use, a signal bell
may be helpful in aiding such judgment and,
should this be impractical, a triple frequency
system may be devised covering the entire
range of altitudes without guesswork.
High-Frequency Allocations
HE Federal Radio Commission has
allocated 551 of the 639 channels
T!between 1500 and 6000 kilocycles, by
assigning 308 channels to fixed stations, 148
to mobile, and 95 to government stations. Of
the fixed stations, the greatest surprise is
offered in the allotment of the Universal
Wireless Communications Company of 40
channels, while no additional channels were
turned over to the Radio Corporation of
America or the Mackay interests. In view
of the fact that the Universal Company is an
entirely new venture, proposing to compete
directly with wire telegraph circuits, this
allotment is causing considerable amazement
in communication circles. The company is
capitalized at §25,000,000, recruited principally from Buffalo business men. In its
directing personnel, as announced, appear no
names of executives known to be experienced
in traffic management or radio-telegraph
technique,missionalthough,
no doubt,satisfied
the Comhas been thoroughly
by
adequate evidence of sufficient available
capital, personnel and technical knowledge or
it would certainly not have made such a
liberal allotment of valuable channels. This
assignment is a distinct departure of the
Commission's announced policy of confining
high-frequency channel assignment to services
which cannot be conducted through non-radio
circuits.
Twenty channels are assigned to the press,
73 to marine service. 64 aviation, 5 railroad,
6 portable, including geophysical and police,
138 amateur, 100 visual, 4 experimental, and
70 point to point. Some private
communication services granted
channels are Ford Motor, Commonwealth Edison, Tropical Radio, Maddux Air Lines, Detroit
Edison, Philadelphia Electric,
Florida Public Service, Ann Arbor Railroad, Pere Marquette, U.
S. Shipping Board, Radiomarine
Corporation, Gulf Refining,
Humble Oil, Magnolia Petroleum, and Bethlebem Ship, although Ann Arbor and those
listed thereafter must also render
a general public message service.
Armour & Co., Firestone, Goodyear Tire, Morris & Co., Sears
Roebuck, Universal Pictures,
Cudahy Packing, Montgomery
Ward, chine
andwere denied
Victor Talking
Mathe channels
they requested.
In the World of Broadcasting

A reconstructed picture of the half circle of 170-foot
masts erected at Poldhu in 1901. This antenna, which
consisted of 60 wires in the form of a fan, faced the
Atlantic
and experiments.
was used successfully
in Marconi'
s early
transatlantic
The transmitter
was located
in the building in the center of the masts
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RADIO BROADCAST
and for wire network service, $2,000,000.
If American listeners had paid for their
broadcasting service through direct taxation,
as do British listeners at their rate of
$250,000 per station per year, American
listeners would have paid .$192,000,000 per
year or from $15 to $25 per set for the maintenance ofthe 700 stations serving them. The
cost of broadcasting is met largely by advertisers who distribute the expense among all
classes of listeners and non-listeners. Mr.
Aylesworth attempted to show that commercial broadcasting is in no way competitive
with newspapers.
APPEALS from decisions of the Federal
Radio Commission's decisions have been
brought before the Court of Appeals of the
District of Columbia by wesh, wcbd, and
wls,portable
and by stations
C. L. Carr'ell,
behalf
of
wkbg, appearing
wibd, andin whbm.
The outcome of these cases will determine, in
a large measure, whether the Commission has
sufficient power to exercise control over the
broadcasting situation. Louis G. Caldwell,
the
indefatigable
chief attorney,
has Commission's
agreed to continue
his services
through
the month of February. If these cases are
decided adversely to the Commission, we will
enter a new phase in broadcast regulation.
Funds will then have to be appropriated,
sooner or later, for the confiscation of broadcasting stations so that their number may be
reduced to the point that the broadcasting
band is no longer overloaded. It will require a
long time, however, to put over such a step
because neither the broadcasting stations or a
majority of the Commission are prepared to
face the facts in the matter. Many, like Commissioner Robinson, still favor low-powered
broadcasting and heavily overloaded channels
thus evading the necessity of reducing the

ST

number of stations on the air. Optimists hope
for solution of the congestion problem by
development of synchronizing methods, which
will eventually enable network programs to
be radiated on the same frequency. If commercial broadcasting continues to grow, continuous network broadcasting during the
night hours would make it possible to maintain synchronized programs with the network
stations assigned to regional channels and
preserving cleared channels for network key
stations and worthy independents. But until
both continuous network broadcasting and
practical synchronization are accomplished
facts, this solution is still in the future.
WNYC has appealed to the courts the
decision of the Commission affirming
the time sharing order with wmca. In its brief,
filed with the Court of Appeals of the District
of Columbia, the city makes much of the
point that wnyc is called upon to share time
with a commercial station and that the rights
of municipal stations are superior to those of
commercial stations. Considering that there
is no possibility of sharing with any but a
commercial station in the metropolitan area
and that advertising merchandise is no less
useful than advertising the deeds of political
incumbents and the gossip of municipal
bureaus, this particular plea is based upon
apparently unsound foundations. Any superior
right which may be established by stations
of a political origin over stations operated
purely to appeal to the public through their
educational and entertainment value would
be unfortunate. It is to be hoped that all stations will be compelled to stand upon their
service to the public and that no privileged
classifications will ever appear in our highly
circumscribed broadcasting channels. The
most important contribution of wnyc is its

Schedule of the Best Sliort-Wave Programs
Schedule in Eastern Standard Time
Station
WaveCall
Length
Thurs.
Tues.
Letters
(Meters)
Sun.
Mori.
Wed.
Sat.
Fri.
5:00
p.m.
to
5:00 p.m. 2:00 p.m.
w2xad
5:30 p.m. 2:00 p.m.
19.56
Schenectady,
11:00 P.M. 4:00 P.M. 11:00 p.m.
10:30 p.m. 4:00 p.m.
N. Y.. U. S. A.
5:00 p.m.
toP
11:00 p.m.
to
to*
to
7:30toPa.m. 7:30 a.m. 7:30 a.m. 7:30 a.m. 7:30toP a.m.
25.53
osw
to
to
to
Chelmsford,
8:30 A.M. 8:30 a.m. 8:30to a.m.
8:30 a.m. 8:30 a.m. 2:00
England
p.m. 2:00 p.m. o* 2:00 p.m.
2:00 p.m. 2:00 p.m.
t
to
to
to
to
7:00 p.m. 7:00 p.m. 7:00 p.m. 7:00 p.m. 7:00 p.m.
25.4
11:00 a.m. 2:00 p.m. 5:00 p.m. 5:00 p.m. 2:00 p.m. 5:00 p.m. 5:00 pjh.
w8xk
to
to
Pittsburgh,
U. S. A. Pa.,
12:00 a.m. 4:00 p.m. 10:30 P.M. 10:30 p.m. 4:00 p.m. 10:30 p.m. 11:00 p.m.
2:00to p.m. 5:00 p.m.
5:00 p.m.
toP
10:30
p.m.
10:30 p.m. 10:30 p.m.
to*
toP
6:00
P.M.
PCJJ
6:00
p.m.
6:00toP p.m.
31.2
toP
to
to
to
Eindhoven,
Holland
9:00 P.M.
9:00 p.m. 9:00 p.m.
5:00toP p.m. to*
w2xap
5:00toPp.m. 5:00 p.m.
31.48
6:00to p.m.
to
to
Schenectady,
11:00 p.m. 11:00 p.m.
N. Y„ U. S. A.
12:00 p.m.
12:00 p.m.
58.5
w2xe
7:00 p.m. 7:00 p.m. 7:00 p.m. 7:00 P.M. 7:00 p.m. 7:00 p.m. 7:00 p.m.
to
to
to
to
to
to
to
R ic h m o n d
11:00 p.m. 11:00 p.m. 11:00 p.m. 11:00 p.m. 11:00 P.M. 11:00 p.m. 11:00to p.m.
Hill, N. Y.,
U. S. A.
63.5
w8xk
8:00 p.m. 2:00 p.m. 8:00 p.m. 8:00 p.m. 2:00 p.m. 8:00 P.M. 8:00 p.m.
to
Pittsburgh.
U. S. A. Pa.,
10:30 P.M. 4:00 p.m. 10:30 p.m. 10-30 p.m. 4:00 p.m. 10:30 p.m. 11:00 p.m.
8:00 p.m.
8:00 p.m.
toP
10:30 P.M.
10:30
to p.m.
to
toP
to* 5:30to p.m.
5:30
p.m.
5:30
p.m.
CJKX
25.6
5:30 p.m.
5:30 p.m. 5:30toP p.m. 5:30 p.m.
toP
to
to
to
to
Winnipeg,
Canada
10:30 p.m. 10:30 p.m. 10:30 p.m. 10:30 p.m. 10:30 p.m.to* 10:30 p.m. 10:30 P.M.
toP
* — N.B.C. Red Network programs relayed to British Broadcasting Company, England.
p;— During 9:00 p.m. 10:30 p.m. period the N.B.C. Red network program comes through all 4 waves. Other
periods have separate programs. At 7:00 p.m. you can set your watch by "Big Ben" from London, England.
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"University of the Air," and its potential
service in cooperating in health department
propaganda and maintaining law and order.
It has not been demonstrated that more than
half time is required for these very worthy
purposes.
THE Federal Radio Commission announced
that after January 1st no visual transmis ions of any kind would be permitted in
the broadcast band, but it reversed its position
before the new order became effective, permitting such transmissions between 1 and
6 a.m. It has, however, dallied so long with
this problem that many have become discouraged and the effort to bring about a rapid
development of visual broadcasting by experimenter participation has been rendered
abortive. Many pioneers have suffered heavy
financial losses as a result, which would have
been somewhat mitigated by early consideration of the problem. The experimenter, having
served his purpose of starting the whole
broadcasting structure is thus rudely cast out
from a field of activity which showed great
promise of a revival of ingenuity and skill in
radio reception.
REPRESENTATIVE
WALLACE
WHITEto
of Maine has introduced
a resolution
extend temporarily the authority of the
Federal Radio Commission for another year.
If these year to year extensions become habitual, it is quite probable that Congress will
ultimately form a communications commission which will have, in addition to the duties
of the present Federal Radio Commission,
complete regulation over telephone and telegraph systems. Because of its quasi-public
nature, the communications business, in common with railroads, suffers from excessive
political regulation with the inevitable result
that costs of operation are increased proportionately tothe political meddling tolerated.
Excessive profits in the communications business, and in fact any quasi-public function
which is necessarily monopolistic in character,
should certainly be regulated so that only a
reasonable return is made on the capital invested. As soon, however, as regulation broadens its scope into details of management, it
generally works against the public interest.
If politicians attempt to rule experts, the results are disastrous and, if experts are substituted for politicians, then the method is
wasteful. Had the present commission tackled
its problems with greater aggressiveness and
expeditiousness, it would now be an appellate
body, meeting only on appeals, and regulation would be centered in a bureau of the Department of Commerce, exactly as it was
prior to the chaotic conditions brought about
in 1926. Congressional meddling is invited by
the protraction of the Commission's problems.
IN THE first week in January, the Columbia
Broadcasting System has augmented its
network from 21 stations confined to the
northeastern part of the United States, to 47
transmitters reaching from coast to coast.
Approximately 100,000 miles of wire, a third
of which carry the programs and the balance
are monitoring and emergency circuits, are
used. Fifty repeater points are involved and
in the inaugural broadcast, two-hundred telephone engineers were employed in maintaining wire service.
Wabc is now under the management of
the United Independent Broadcasters, operators of the Columbia Chain. As soon as the
chain's
contract
September, wabc
will bewith
the wor
sourceexpires
of allinColumbia
programs. Alterations in the transmitter are
contemplated, and removal to a less-populous
area has already taken place. Wor plans no
chain affiliations after September and will,
therefore, become the leading independent
H. F.
station of the metropolitan area,— E.
continuing
its policy of originating its own features.
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By CHARLES WILLIAMSON
Department of Physics, Carnegie Institute of Technology
4LL of us have been annoyed at some
[\ time or other by a terrific burst of
_/T^_ sound from the loud speaker when,
in the course of tuning, we have happened to
come across a powerful local station. Sudden
loud speaker overloading may also occur with
certain types of broadcasting, such as organ
music, which exhibits an unusually wide
range of volume. In many cases, the voice of
the announcer is received at a much higher
volume level than that of the music. But the
worst case of unexpected sound peaks arises
when fistenin^ to a distant station that is fading badly. When it comes back, it usually
does so with a roar; and static crashes are at
their loudest because the sensitivity control
has been advanced fully in order to make the
program audible when the station fades.

control is partly regenerative, it will fall
off rapidly at first, as oscillation is left
behind. After this there will be less change,
since the a.c. plate resistance and the mutual conductance of the tube will change
slowly with diminishing plate voltage over a
certain region. Later, however, they both
begin to change faster, and the amplification
of the r.f. circuit is reduced rapidly. Thus,
in a receiver of this type, this automatic
volume control has the advantage that a loud
signal throws the receiver out of oscillation
instead of into oscillation.
List of Apparatus

-4§
tain theirofplate
potentialcontrol
from the
terminal
the volume
unit."B+B.F."
The high-resistance unit, Ri, should have a
value of 50,000 ohms if a plate potential of
180 volts is available, and if there is a negative
bias of 4| volts on the grid of the first r.f.
tube. For lower values, either of B or grid
bias potentials, the following table shows the
proper size resistor to use:
Table Plate
I Voltage
Grid
BiasR.F.(Volts)
180 160
140
50,000
40,000
30,0001 n
40,000
30,000
20,000
}■fjl
0

) unms
The values 30,000
of the 20,000
resistor 10,000
Ri are
not
especially critical; they are determined by
the restriction that the first r.f. tube should
not receive more than 90 volts of plate
An Automatic Control
potential. If the r.f. B-plus lead supplies two
tubes, the resistances in the above table
LAST August the writer designed a simple
should
be divided by two.
and inexpensive device to cure these
troubles. It has been tested on several reIf a variable-resistance unit is used in place
of the fixed resistor, it may be set to the
ceivers and in each case the difficulty was
corrected almost perfectly.
best value by placing a high-resistance voltThe circuit diagram of the automatic
meter (1000 ohms per volt) across the plate
The addition of the writer's device to any volume
control device is shown in diagram a and filament terminals of the first r.f. tube,
d.c.-operated receiver does not require that
of Fig. 1. This circuit also shows the method
the circuit of the set be altered in any way.
and adjusting the knob of the variable resistor until the meter reads 90 volts (or whatever
of connecting the volume control to a receiver
(When using this device in connection with an
a.c.-tube receiver the results may not be en- having an output transformer. Diagram b other voltage is normally placed on the r.f.
shows the input of the device connected to a tubes). This must be done with the receiver
tirely satisfactory as an increase in hum may
a choke-condenser output cir- fully turned on, but not tuned into any
result, particularly when the set uses 226-type receivercuit. Ithaving
will be noted that in each of these station.
tubes — Editor.) The device is connected
The choke coil, Li, used in this device, if
across the loud speaker terminals and is cases the loud speaker return must be made to
operated by the a.c. voltages appearing across
the negative 45-volt C-bias terminal rather not bought as a unit, may be made up of
almost anything at hand, since, if only one r.f.
the loud speaker. It functions by reducing the than to the negative A wire as usual. Diagram
c shows the device connected to a receiver tube is controlled, it need not handle more
plate voltage on the r.f. tubes automatically
as the volume from the loud speaker rises. using a push-pull output circuit. Two con- than 5 milliamperes at 90 volts. If a speaker
Since the device described in this article
filter is available, it can be used in place of
densers, C2and C3, are required, as shown.
In all of the above cases, the control tube Ci and Li.
functions due to the changes in voltage across
With the receiver in operation, there is
the loud speaker, it will have the effect of may be operated from the same A, B, and C
to suggest the presence of the automacontracting the volume range — in other supply as the rest of the receiver, and its nothing
tic volume control, except a gratifying absence
words it does automatically at the receiving filament may be heated by a.c. if desired.
end what the monitoring operator does (or Also, with all types of receivers the r.f. tubes ob- of speaker overloading. The original volume
control on the set, whatever its type,
should do) at the broadcasting end.
RECEIVER
is not interfered with in any way. It
Serious distortion of the signal currents
LoudAUT0MATIC-V0LUME-C0NTR0L
,.
will occur only if the device operates
might be supposed that the volumeSpeaker
range of the music would be brought
with a time lag so short as to be comto a dead level; such is not the case,
parable with one fourth of a cycle
however; the range is merely reduced
at the lowest frequency likely to be
to an extent that the audio system can
handled by the audio system. An exhandle without noticeable distortion. If
amination ofthe circuit (Fig. 1 diagram
a) will show that the time constants
desired, the amount of such compensation can be regulated by turning down
of the choke-condenser and resistancethe filament of the control tube; and, of
condenser combinations are of the order
course, the device can be cut out entirely
of 0.1 second or greater.
Dr. Charles Heinroth, the eminent
by turning it off. As to the sensitivity
of the set, this is in no way impaired;
organist, assures me that he would not
regard a systematic contraction of the
for the full 90-volt potential is available for the r.f. tubes until a signal
dynamic range as undesirable distortion
begins to come in; and it is not materiof his programs. In fact, he thinks it
ally reduced until the signal becomes
would be better than the hit-or-miss
loud.
monitoring sometimes met with! Hence
Both calculations and trial indicate
I think we can regard this type of autothat a 112a- or 120-type tube may be
matic volume control as distorting only
used for the control circuit instead of
in a formal sense. Not even a musician
a 17lA-type tube with some loss
can
it inan the
receiver's output
unlessdetect
he has
unmonitored
output
of efficiency. In these cases the negative grid bias for the control tube
with which to compare it.
should be 9 and 22| volts, respecManual adjustment of the plate volttively. Of course, the r.f. tube or tubes
age of an r.f. tube will show that large
Fig. 1 — Diagram A shows the automatic
under control may be of any type
volume control connected with the output
changes may be made over a certain
whatever
except the type 226, which
region without noticeably affecting loud
transformer of a standard receiver. Diagrams
hums badly if its plate voltage is
B and C show the input of the device connected
speaker volume. If, as is often the case,
changed.
with other types of receivers
the amplification of the r.f. stage under
THE parts required for the construction
of follow:
the volume control described by the
writer
value)
Ri One; high-resistance unit (See Table I for proper
B-2 One rheostat or filament-ballast unit;
Ci One fixed condenser, 200-volt, 4-mfd.;
Li One choke coil, 30-henry;
One tube socket, ux-type;
One power tube, 17iA-type.
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power tube thereby eliminating one tube.
IF THE a.c. screen-grid
iVej© Trends
tube is made available be- This means an additional voltage gain of
in Radio
about 35 db to our present-day r.f. amplifiers.
Design
fore next year's
are designed,
it isreceivers
our bet We do not consider this impossible — nor are
that many of them will find their way into we convinced that it is desirable to substitute
gain for a.f. gain.
1930'sinto
receivers,
justEnglish
as they sets.
have Over
found there
their r.f.One
way
the best
point of importance regarding the use
of the screen-grid tube as a detector has not
39 per cent, of all the types of sets manufactured during 1928 were three-tube sets — and
30 per cent, of the types used r.f. amplification. Screen-grid tubes were used in 80 per
The following are among the subjects
cent, of the sets with r.f. amplifiers.
discussed in "Strays" this month:
Data on English receivers: The above figures are but a part of an interesting analy1. New Trends in Radio Design
sis which was published in Wireless World,
2. Two New A.C. Tubes on Way
November 14, 1928, on the receiver situation in
3. Accuracy of Variable Condensers
England. The other data show that the fivetube receiver, probably the most popular
4. New Radio Tubes in England
number of tubes in this country, constituted
5. Importance of Reducing A.C. Hum
only 14 per cent, of the several types of re6. Receiving on 600 Meters
ceivers made in England during 1928. Seven
7. Selectivity of Browning Drake
per cent, of the receiver types employed no
r.f. amplification at all, 89 per cent, used a
grid leak and condenser type of detector,
70 per cent, used transformer coupling in the
a.f. amplifier, and 79 per cent, connected the been discussed — what kind of a frequency
loud speaker directly into the plate circuit characteristic can be obtained with it?
of the last tube.
Selectivity versus sensitivity: The problem
is not to get mora amplification into our r.f.
What will be used in next year's receiver? amplifiers.
We have plenty now. The problem
We have read recently several excellent articles on the use of a screen-griu tube as a detec- is to increase their selectivity without damagtor. These articles described the research of
ing their fidelity of response. It is our bet
that the only reason why people tolerate
J. R. Nelson, of the Cunningham laboratory,
and were published in Radio Engineering,
present-day receivers — and their loud speakOctober, 1928; Proceedings, I.R.E., June,
ers which bring out the low notes — is because
1928; and Lefax 35, December, 1928.
of the lack of competition from, and compariThe great advantage of the C-bias, screenson with a really high-quality receiver. One
grid detector lies in its ability to handle a only has to look at the selectivity curves,
relatively large input r.f. voltage without
published in Dr. Hull's article, " Measureoverloading, and its relatively high output.
on Broadcast Receivers." in February
According to Mr. Nelson, the first stage of Radio mentsBroadcast,
or Mr. Jarvis'
audio can be done away with provided we January Radio Broadcast,
to see article
how fewin
use a screen-grid tube as a detector, and pro- notes above 3000 cycles we are getting, and
vided the r.f. amplifier supplies from 2.17 to anyone has to listen but once on any good
18.6 times as much amplification as when an night in practically any home in the Middle
ordinary general-purpose tube is used as West to long for a more selective receiver.
detector with a two-stage transformerThe only answer is the solution that encoupled a.f. amplifier. Now when the 322
gineers have suggested time and again, and
which the Members of Congress who meddle
detector tube is compared to a 327 tube connected as a grid leak and condenser detector,
with radio affairs, do not seem to understand. This answer is to eliminate about
the amplification of the r.f. end of the receiver
must be 18.6 times as much. Of course,
a C bias is used with the 322 detector
tube. Compared to the use of a 201a as
a C-bias detector, the. 322 and one stage
of audio amplification requires 3.17
times as much voltage amplification
from the r.f. amplifier.
If, then, we use screen-grid r.f. amplifiers, say two stages of them, the
gain per stage must lie between 1.78
and 4.32 times as much as with present
1.0 mfd
circuits, and if three of them are used,
the increased gain per stage must lie
D.P.D.T. .
between 1.47 and 2.65 for the two
55 mmfd.
i+90
cases.
Sw. 15mmfd.
Now it does not seem difficult to design an r.f. amplifier, using screen-grid
tubes, that could produce 18.6 times
as much amplification as present-day
Fig. 1 — The diagram of the Lab. Circuit
receiver with fixed condensers which insets, which used with a screen-grid
crease wavelength range to 800 meters
detector, will work directly into a
• march, 1929
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half of the present broadcasting stations. The
myth of having 40 cleared channels is amusing
indeed to anyone who listens under average
conditions. This does not mean listening-in
in New York City, or near any great center
of broadcasting, but say in Ohio. We had the
dubious pleasure of listening-in there during
the Christmas week. The receiver was undeniably less selective than many of the two-,
three-, and four-stage r.f. amplifiers now on
ity.
the market, sold as having perfect tone qualAn hour before sunset in Ohio, we heard
stations as far away as Winnepeg, cky, on
a four-tube set of the Lab. Circuit type which
has been described many times in this magazine. We could tell at once that the practice
of putting two large stations, kdka and wbz
for example, on adjacaent channels is bad.
If you live near kdka it works out fairly well
because
on the from
adjacent
channel, you
but can't
if you hear
live wbz
equidistant
the
two, you can't listen to either of them.
Two New A.C. IF THERE is anything
TubesWayon
more interesting than radio
The
gossip,
on
how muchit isof speculation
what you hear
is true. We are glad to chronicle the gossip
regarding two new tubes which — so they say
■— are soon to appear on the American market .
One is an a.c. screen-grid tube of somewhat
better characteristics than our present d.c.
tube with its fragile and microphonic filament.
The tube has a typical heater filament, 2.5
volts and 1.5 amperes. At 180 volts on the
plate, a screen-grid potential of 75 volts, and
a control-grid bias of minus 1.5 volts, the
plate resistance is about 400.000 ohms, its
amplification factor about 400, and its mutual
conductance about 1000 micromhos. This is
considerably better than the d.c. tube with a
mutual conductance — which is about all that
matters in a tube of this kind — of not much
over 300 micromhos. The grid-plate capacity
is in the order of 0.01 mmfd., its input capacity
about 5 mmfd., and its output capacity
about 13 mmfd. The plate current is about
4 mA.mal and
the about
screen-grid
current under norconditions
0.3 mA.
The other new tube is a cross between a
171a and a 250, i.e., a tube with about,
double the power output of the 171a
at a maximum plate potential of 250
volts. Many thousands of listeners who
overload a single 171 on loud low-note
passages, and yet who do not want to
overload the house or the neighborhood with the racket from a 250-type
tube with 450 volts on the plate, will
be pleased with this new tube. Its filament consumes 1.5 amperes at a filament
potential of 2.5 volts, and is not of the
heater type. Its normal grid bias will
be about 50 volts, plate current about
32 mA., amplification factor about 3.5,
and power output of 1500 milliwatts.
We have not been able to confirm the rumors that such tubes are
going
to be
rumors
mean that
suchannounced
tubes are —inbut
the process
of development and that is the im-
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portant thing. Sooner or later they will appear
whether their constants resemble those give
above or not.
LAST month we spoke, of
Accuracy
the effect on the tuning of
of Variable
a receiver in which one of
Condensers
several ganged condensers
was incorrect in its capacity. We have a letter
from M. H. Bennett, Electrical Engineer,
Scoville Manufacturing Company, which
states that an engineering laboratory has
determined that on a hundred-degree dial,
ato discrepancy
at 100° is byequivalent
detuning oneof of3 mmfd.
the condensers
one dial
degree, and that such a detuning will cause a
reduction in signal strength of about 5 per
cent.
Another prominent engineer remarks that
the figure of one quarter of one per cent, is too
high to be maintained in production — we suspect the question of cost enters here — and
that the rest of a radio receiver at the present
time cannot be built with such a high degree
of accuracy.
TABLE I gives some data
New Radio
on new Marconi tubes
Tubes in
which are available in EngEngland
land, the land of many
tubes. Unfortunately all of the data on these
tubes are not available, but interest in this
country will be directed toward the low filament consumption of some of these samples
of foreign economical tubes.

Fig. 2. — Mr. Browning uses this
diagram to demonstrate his selectivity-formulas
densers across it, and those across the 90volt tap, get rid of much of the a.c. voltage
creating the hum. It is certain, however, that
a fairly large capacity should be across the
90- and 45-volt taps. This analysis may account for the fact that many experimenters
who have built amplifiers to go down to 120
cycles prefer to use a d.c. tube for a detector
and obtain its plate voltage from a 45-volt
B battery. And it is surprising how much the
low frequencies come up in apparent volume
when the a.c. hum is cleaned out of one's receiver, amplifier, power supply, and loud
speaker. It is true that so long as the receiver
ensemble hums, no signal frequencies lower
in pitch than this hum can be heard, and that
few signals of the same frequency as the hum
can be heard. They must be much louder than
the hum — all of which points out some interesting psychological facts. A quiet receiver
will always seem to have a much better lowfrequency response than one which has a lot
of hum in its output.

WE HAVE spoken about
Importance
hum several times. Here is a
of Reducing
DUBING the Veslris disproblem in hum voltages.
Receiving on
A.C. Hum
aster we listened-in to the
Let us suppose the power
600 Meters With
tube delivers 1000 milliwatts to the loud Lab. Set
traffic to and from ships
in the vicinity of the wreck,
speaker at the loudest signal to be received,
and discovered many interesting things about
and that the weakest signal will be 40 db
below this value. This is the normal range of the chaotic condition of the ether during such
periods. We used our Lab. Circuit receiver
broadcasting, 40 db, corresponding to a power
ratio of 10,000 times. Now suppose that at the with the addition of two fixed condensers
which could be thrown across the tuning
lowest signal to be heard, the hum output
from the loud speaker is not to be objection- condensers. These fixed condensers brought
able. This means that it ought to be about
the maximum wavelength that could be received up to nearly 800 meters, and thereby
20 db below the signal output. This makes
the hum power output 60 db below 1000
permitted
theon reception
of all
of the between
ship-toshore
traffic
the several
channels
milliwatts, or one microwatt.
If the resistance of the loud speaker to the 600 and 800 meters. The circuit diagram is
hum producing voltage is 4000 ohms, the given in Fig. 1. The Yaxley switch is a simple
voltage across it is 0.063 volts. Suppose the double-pole double-throw unit and the condensers had a capacity of 250 mmfd.
amplifier is a conventional two-stage transformer-coupled affair using transformers with
IN SEPTEMBER R\dio
turns ratio of 3:1 each. The voltage gain of Selectivity in
such an amplifier, from resistance output to the Browning
Broadcast, Glenn Brownthe primary of the first audio transformer is Drake Set
ing described some of the
engineering behind the 1929
about 150. The hum voltage across this primary is 0.063-=- 150 or about 0.00042 volts Browning-Drake receiver. This receiver uses
or 0.42 millivolts.
somewhat closer coupling between primary
All of this indicates that the maximum
and secondary of the interstage r.f. transformer than has been attained heretofore,
hum appearing across the first audio transwith the result, according to Mr. Browning,
former must be no greater than 0.42 millivolts
that better selectivity is secured. This state— and yet we remember reading somewhere
that the hum voltage in the plate circuit of a
ment "closer coupling, better selectivity"
heater-type
detector tube is of the order of bothers many readers, and so we have asked
several millivolts.
Mr. Browning to expJain it. We reproduce
some of the mathematics below.
Let us look at the plate-supply device.
Ip
A brief statement of what happens is as
If the total output potential is about 200
volts, the hum output will be about 50 follows: for a fixed amount of amplification in
Ep
millivolts. Across the 45-volt tap will be a tuned radio-frequency transformer working
roughly one. quarter of this hum voltage in conjunction with a given Rpamplifier tube,
the selectivity may be increased by advancing
or 12 millivolts. For the sake of argument,
the coefficient of coupling and at the same
let us assume that 90 per cent, of this voltage,
which is impressed across the plate-filament time decreasing the number of turns on the
circuit of the detector finds its way across the primary so that the amplification remains
primary of the transformer. This means that the same. This is due to the fact that as the
due to the plate-supply device alone 10.8
millivolts of hum appears across the inTable I
put. This voltage multiplied by 150 becomes 1.62 volts across the loud speaker.
Ef
It
Gm
DEH
Type 210No.
2.0 .10 35
700
Let us suppose there is already this much
160
DEL 610
6.0 .10 15 2000 50000
7500
there from the use of an a.c. tube detector,
p
625
6.0
.25
6
2500
2400 21.5
or 3.24 volts in all. This amounts to 2.53 p 625a
6.0 .25
2300 1600 25
140
425
4.0 .25 4.5
140
3.7 1950
2300 22
milliwatts, or only 26 db below the maxi- pHL 610
6.0
.10
30
1000
30000
55000
mum output of the amplifier! An assumed
H 8
.8 40
730
hum voltage of 10 millivolts across the HL 8
.8 .8 17 1000 17000
6 1000 6000
.8
45-volt tap is high because the filter con- p 8
.8
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number of turns is decreased and the coupling
increased the resistance reflected into the
secondary circuit from the primary decreases,
and hence the selectivity of the secondary
circuit approaches more nearly its selectivity
when standing alone and not connected to the
plate Rpresistance of the previous tube.
Let rjP and t)s be the ratio of resistance to
reactance of primary and secondary circuits
and Vni be the ratio of resistance to reactance
of the secondary when the primary is present.
Let RSi be the apparent resistance of second.(1)
ary when primary is present.
• (2)
TABLE
Rsi = Rs +
.(3)
Rs
VPM2 oj2

R=i

= ^5 + — in general
T2 = KT/p TT/s for a given amount of amplification. ... (4)
Lsd) resistance
Where Rs = Secondary
Rp = Plate resistance of tube
Rsi = Apparent resistance of secondary with
T = Coefficient
of couplingK T)s
primary present
K = Proportionality factor less than I.
Therefore Tjsi = l)s
and as t is increased the selectivity factor of
the secondary increases. It is worth noting
that if unity coupling prevails and if the
proper number of turns are used for maximum
amplification, K =1, the selectivity of the
tuned circuit is halved, as all mathematics
and experience dictates.
Removing Noise THE following letter from
a reader in Farmington,
in Shielded
Receiver
Michigan, may help others
who have shielded receivers.
"I would like to pass along a discovery I
made regarding the Sargent-Rayment Seven.
I had considerable difficulty at first owing to
instability in the r.f. stage. At one time
it would work perfectly and the next day it
would fly into oscillation for no reason at all.
I finally found this to be due to poor electrical
contact between
"he partitions
the removable cover. 1 procured
a piece ofandaluminum
8 inches wide and long enough to cover the
r.f. stages and bolted it securely to the
partitions.
This cured myfindtrouble."
Many experimenters
their receivers do
not work after shielding has been added. The
trouble lies not with the shielding material of
the coils but in the fact that the whole
arrangement has not been properly designed.
A coil too near a metallic plate will not only
lose inductance at an alarming rate but have
an astonishing increase in resistance as well.
League of
The Secretariat of the
Nations to
League of Nations intends
Broadcast
to resume the short-wave
broadcast trials which took
place in Geneva in May and June of last year.
The special purpose of this second series will
be to examine the possibility of transmitting
Eg from Geneva to the Americas, Japan
speeches
and Australasia.
The trials will take place in the same technical conditions as those held last year. A
studio in the League Secretariat in Geneva
will be connected by ordinary telephone cable
with the Dutch station of Kootwijk (call letters
pcll) kindly put at the disposal of the League
by the Dutch Post Office authorities.
Sixty-minute speeches will be broadcast at 5:00 p.m. (E.S.T.) on 38.8 meters in
English, French, and Spanish on March
12, 19, and 26. Thirty minute speeches will
also be broadcast in Japanese on March 13,
20,
and 27 at 8 :40 p. m. on a wavelength
13
18 of 18.4 meters, and on March 14, 21, and
14 28 special thirty-minute Australian programs will be broadcast in English at
8:40 p. m. on a wavelength
of 18.4 Henney
meters.
—Keith
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By
k BOUT seven years ago there was formed
l\ in the town of Boonton, N. J., the
/ \ Badio Frequency Laboratories, Inc.,
an organization devoted to research — a task
that has long been a proudly accepted
function of the university.
The first members of the staff were men
known to have a permanent interest in the
questions
orders
were
to get"why?"
togetherandthe"how?"
necessaryTheir
apparatus
and attack the important problems in radio.
I remember clearly the glee with which that
prospect was greeted.
That laboratory, with the same frame of
mind, is the present Besearch Division of
B. F. L. As its contributions have reached
commerical form they have been put into the
hands of licensed manufacturers who maintain their contact through an Engineering
Division, created for that purpose. Lately
there has also been added an Aircraft Badio
Laboratory as another major division.
Surprisingly the B.F.L. is not widely known,
though it has made fundamental contributions
and has for licensees manufacturers whose
output is a large share of all that comes to
market. Perhaps this is because the contacts
have been mainly with the engineers of these
organizations, for which B. F. L. is a centralized bureau of research, although working on
its original problems as well.

Laboratories

ORGANIZATION

ROBERT

S. KRUSE

Fig. 1 — This compact receiver was
developed for use on airplanes with
a seven-foot rod antenna
and used in the development of receivers
pending
market. the availability of such tubes on the
The active research problems are quite beyond such a brief account as this: the designs
for the next year's broadcast sets of the licensees are still confidential — though I yearn to
write about two features thereof. However,
B. F. L. is engaged in another task which
may be described. In the commercial progress
of aircraft, there has developed a need for
a reliable means of guiding an airship — a
method that will prove equally reliable during
day and night and in all sorts of weather. For
this purpose radio beacons have been used
but there has existed no receiver for airplane
use that would provide the necessary sensitivity and at the same time be able to function without a trailing antenna. The Badio
Frequency Laboratories were asked to cooperate with the Department of Commerce
in developing a receiver that would do these
things.

With
"A &on N"one system
A (• — N)
is beingthe sent
beam the
and letter
the letter
(— ) is sent on the other beam. The timing is
such that if the two beams are being received
equally well the two letters interlock to make
a steady signal. In the reed system the two
beams are modulated at audio frequency,
one at 65 cycles and the other at 85 cycles per
second. At the receiving end, therefore, the
output of the amplifier carried both modulations equally if one is on the course. If the
plane falls off course the 65-cycle modulation
may be picked up less and the 85-cycle one
more (or the reverse) and one reed spreads
out more while the other narrows down, thus
advising the pilot as to the direction in which
he is off. With the receiver mentioned here
the system is dependable up to 150 miles,
with a normal 2 kw. beacon station and a
seven-foot rod antenna on the plane.
A irplane Height Indicator
THEBE
is atBadio
present
being ofdeveloped
the Aircraft
Division
the B. F. h.bya
height indicator. In its present state of development this device is used to give a series
of two or three separate indications (such as
the lighting of different colored lamps) each
of which corresponds to a definite height above
the earth or water over which the plane is
being flown. It must be clearly understood
that the device is not an altimeter, the device at present used in airships and which
tells the pilot the height of his plane above sea
level. The B. F. L. height indicator will have
no reference to sea level but uses the surface
under the plane as the datum point — it is of
small interest to a pilot how high he is above
sea level when he is flying above a mountain
and the tree tops are only 50 feet below.
This new apparatus was first installed in a
D. H. plane and successfully operated over
land, fresh water, and salt water. A later installation has been made in a radio test plane
of the laboratory. The apparatus is in the forward cockpit of the ship and is housed in an
aluminum box, the whole weighing about 7
pounds.
The antenna is a doublet stretched
wing.
between wingtips, and lying beneath the

Accomplishments
BECAUSE of the highly interlocking nature
of the research and engineering problems
I find it difficult to formulate the work done
by these laboratories. However, in the course
of various friendly visits made without any such
story as this in mind, there has stuck in my recollection some matters that are mentioned in
the following paragraphs — the list admittedly
being neither completenorfrightfully accurate.
The Airplane Receiver
The laboratories developed one of the
first neutralized radio receivers, and, inci- AT THE opening of the Aircraft Badio Laboratory onJanuary9, demonstration flights
dentally, this was also one of the first singlewere made with a new beacon receiver. This recontrol sets to be produced.
ceiver
uses
but
five tubes of which the last two
Methods were developed for determining
the sensitivity, selectivity, and fidelity of a are resistance-coupled audio and the first, two
radio receiver and these methods have been
are of the screen-grid type. It is rather startling to have such a receiver, working with a
adopted by the Institute of Badio Engineers
In its present form the device is useful for
as one of the standard methods for measurseven-foot rod antenna, produce a headset
landing
in ground fog, and for landing on
receiver's with
performance.
signal
from theHadley
Ining a radio
collaboration
General Badio.
beacon which,
station,at is30farmiles
beyond
scale Field's
of any smooth water in clear weather. When flying
there was developed (and placed on the ordinary audibility meter and wrecks head- over trees the indicator flickers continually.
sets in short order. With voice modulation
Of course, it is felt that aviation radio will
market by G. B.) a standard signal generator
become of steadily increasing importance.
for use in measuring radio receivers.
at
beacon retreated
station, the
WrighttheJ-5signal.
motor's
roarthemeekly
behind
In The Laboratories have acquired an airport.
The Laboratories developed a technique
of making sound measurements which made
I. B. E. language, the set has a sensitivity of For the hangar we can say that it has better
it possible to measure the overall receiver
5 microvolts on a 30 per cent, modulated sig- than average accommodations, including galiving quarters, a shop, an office, and
performance from the antenna to the sound
nal. The sets may be used either on the "A an 80 rages,
x 100-foot space for planes, which
wave produced by the loud speaker.
6
N"
beacon
system
or
with
the
vibratingA basic study of detection was made
reed system. Of these two systems, we will enter through doors with 18-foot headroom.
speak but briefly. In both cases there are Amazingly enough the place is heated well.
particularly at high signal levels, and detecIt does not stick in my recollection that I
sent out two beams, diverging slightly and
tors were developed which do not produce
the course lies down the center of the angle. have ever been in an airplane hangar that was
distortion and which are not subject to overnot several degrees colder
load under normal condithan outdoors.
tions. These studies applied
In another corner of the
particularly to 100 per cent,
modulated r.f. signals. The
field is a laboratory containing living quarters,
use of 100 per cent, modukitchen, lounge and library,
lation isincreasing — or perhaps we had better say that
bridge measurement room,
there is an increased tenda transmitting room, transency for transmitting stamitting and receiving labtions to attempt such
oratories, private laboramodulation.
director's
Four-element tubes
This apparatus is used in the laboratories of the R.F.L. for
room, tories,
office,
andconference
a finely
were designed, constructed,
measuring
the
sensitivity
of
broadcast
receiving
sets
equipped shop.
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GRID-LEAK

I of a Series

GRID-CONDENSER

By FREDERICK EMMONS
Stanford University

ct upon
subjematio
is ainfor
DETECT
n is
whichION
little real
available to the radio experimenter. While amplifier circuits are
designed with full knowledge of the
s
result that will be obtained under
different conditions, the detector is left
to chance. Recent investigations have
shown that grid-leak grid-condenser
detection of weak or moderate-strength
signals is determined by a single new
tube constant, and that the exact behavior of the detector can be obtained
simply by using this new constant. The
sensitiveness and distortion resulting
with grid-leak detection when strong
signals are being received can also be
readily analyzed, and it will be shown
that a properly operated grid-leak
" power less
" detect
is more
and
gives
distoorrtion
thansensit
theiveusual
plate-rectification detector.
A few of the worth-while articles
which have considered this subject are
as follows :
"A Theoretical and Experimental Investiof Detection
Small Signals,"
Chaffee gationand
G. H. ofBrowning,
Proc. I.by R.E. E.,L.
15, 113; February, 1927.
"The Rectification
SmallMeans
Radio-Frequency
Potential
Differencesof by
of Triode
Valves,"
by
F.
M.
Colebrook,
Experimental
Wireless, 2, 865; 1925.
"Detection by Grid Rectification with the
High-Vacuum
Triode,"
by Stuart
Proc. I. R. E., 16,
593; May.
1928. Ballantine,
'some Principles of Grid-Leak Grid-Condenser
Detection,"
Emmons
Terman,
Proc. I. R. E.,byVol.Frederick
16, p. 1384,
Oct. 1928.
"Detection Characteristics of Three-Element Vacby Frederick
Terman
and
Thomasuum M.Tubes,"
Googin,
Proc. I. R.Emmons
E. Vol. 17,
Jan. 1929.
Process of Detection
DETECTION is the name given to the
rectification of high-frequency alternating-current voltages in radio receivers. In
the grid-leak method of detection, the circuit
for which is shown in Fig. 2, the rectification
takes place in the grid circuit by making use
of the curvature of the grid-current grid-voltage characteristic.
The case of weak signals will be considered
first. The grid-leak "power" detector acts
very differently,
and will be taken up in another article.
The relation between grid voltage and grid
current in a typical vacuum tube is given in
Fig. 1. It will be noted that there is a small
grid current even when the grid is negative
with respect to the negative side of the filament.
This is the result of the velocity which the
electrons have as they leave the filament.
In the absence of a radio signal voltage, the
grid assumes a voltage which is the potential
of the grid return lead (the lead which completes the circuit from the grid back to the
filament) minus the voltage drop due to the
grid current flowing through the grid leak.
This can be readily seen by examining Fig.
2. This actual grid voltage is the operating
grid potential, and gives the point on the
grid-voltage grid-current characteristic of
Fig. 1 at which the detector operates. The
operating grid potential is usually within a
fraction of a volt of the negative filament voltage when the grid return lead is connected to
the positive side of the filament. A higher

DETECTION

TERMAN
nately more and less than the operating grid potential. This is illustrated in
Fig. 1 in which Eo is the operating grid
potential, Es is the amplitude of signal voltage, and the curve SSS is the
variation in actual grid potential when
the signal voltage is present.
Principle of Detection

-0.2 0
+0.2
GRID VOLTAGE, Eg
-Grid-current grid-voltage
characteristic of a 201A-type tube
Fig. 1resistance grid leak makes the operating grid
potential more negative (or less positive), but
the grid voltage changes only a volt or so when
the grid-leak resistance is varied from | to
10 megohms. The principal function of the
grid leak is to fix the operating grid potential
at a point on the grid voltage-current charcircuit. acteristic suitable for rectification in the grid
When a radio-frequency signal, such as
developed by the tuned circuit LC of Fig. 2
is applied to the detector grid this voltage is
superimposed on the operating grid potential, making the actual grid voltage alterWhal goes on in a detector circuit
is not the easiest thing in the world to
understand, but we believe Professor
Terman has made the operation of
grid-leak grid-condenser detectors as
clear as possible. In this article he
points out that there are two detector
constants that tell the whole story about
what a tube will do as a detector, and
advocates that tube manufacturers put
the values of these constants on tube
cartons. We agree. Several other articles
on the long-neglected subject of detection
are awaiting publication. Some are
from Professor Terman and others are
from Roger Wise and his former associates at the Cunningham laboratoryThe Editor.
march, 1929
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THEgridsignal
instantaneous
voltagemakes
swingthealternately
from
Eo + Es to E0 — E5, as indicated in
Fig. 1. This fluctuation in grid voltage
causes the grid current to vary, but,
due to the curvature of the grid voltagecurrent characteristic, the grid current increases more during the half
cycles when the signal voltage is positive than it decreases during the half
cycles when the signal voltage is negative. The net result is a rectified current flowing in the grid circuit produced by the application of the radiofrequency signal voltage to the grid.
+0.6
Reference to Fig. 1 will make clear
how the rectification is accomplished.
When the signal is present the instantaneous grid potential varies as
indicated by the sine wave SSS. This
variation in grid potential causes the
grid current, Iga.c, to vary according
to the curve to the right in Fig. 1. The
middle dot-dash horizontal line shows
the grid current that flows when the grid
potential is E„ (no signal present).
The average grid current that flows when the
signal is present is indicated by the light dash
line. The difference between these two horizontal lines represents the rectified current
flowing in the grid circuit as a result of the
application of the signal voltage to the
The amplitude of the rectified grid current
depends upon the amplitude of the signal
voltage. When the signal is a modulated alternating-current voltage, the rectified grid
grid.
current varies in amplitude at the frequency
of modulation. Thus, when the signal is modulated at 1000 cycles, the rectified grid current pulsates in amplitude at a 1000-cycle
rate. In Fig. 3 there is shown the rectified
grid current resulting when an unmodulated, asimply modulated, and a complexly
modulated wave is rectified in the grid circuit
of a detector.
The rectified grid current produced in the
manner that has been described by the application of a signal voltage must flow through
the impedance offered by the grid-leak gridcondenser combination, and will produce a
voltage drop in this impedance. This drop
causes the grid potential to become more negative by the amount of the drop, and the
change of grid potential thus produced affects the plate circuit by ordinary amplifier
action. It is the change of grid potential
caused by the rectified grid current flowing
through the grid-leak grid-condenser impedance that gives the detection of the signal.
The explanation that has been given of
grid-leak detection with weak signals differs
considerably from the familiar one in which
the function of the grid leak is to let the gridcondenser charge leak off and return to the
filament.
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Fig. 2 — Circuit
for adetector
grid-leak gridcondenser
Features of Practical Detection
IT WILL be observed that the grid-leak detector combines two distinct functions.
First is the rectification of the signal voltage,
and the utilization of the rectified signal current to produce a change of grid potential,
and second is the amplification of this change
of grid potential in the plate circuit. This
latter problem is purely a matter of audiofrequency amplification, and is quite generally understood. The real problem of grid-leak
detection is therefore centered around the
determination of the change of grid potential
by the rectifying process, and the rest of this
article will be devoted to a discussion of -the
factors controlling the rectified grid current,
and the voltage drop it produces.
In the analysis of practical detection it is
necessary to consider only the audio-frequency
components of the rectified grid current. The
direct-current component can produce no
sound in the loud speaker arid so is unimportant.
The sensitiveness of the detector (i.e. the
change of grid potential produced by a given
input signal voltage) is obviously determined
by the effectiveness with which the signal
voltage is rectified, and by the amount of
opposition which the grid leak-condenser
combination offers to the flow of the audiofrequency components of the rectified current. The impedance which the grid leakcondenser combination offers to the rectified
grid current depends greatly upon the frequency of this current. At low frequencies,
such as 50 cycles, this impedance is very
high because the low-frequency current has
difficulty in getting through the grid condenser and is accordingly forced through the
high resistance of the grid leak. On the other
hand, at high audio frequencies, such as
5000 cycles, the grid condenser offers an easy
path to the current, practically short-circuiting the grid leak.
The result is that the rectified grid current
tends to produce less change of grid potential
on the high audio frequencies than on the low
notes. This reduction of sensitiveness at the
higher audio frequencies can be quite serious,
and unless the detector is adjusted properly
will lead to very bad quality. Satisfactory reproduction othe
f high notes requires that the
smallest possible grid condenser capacity be
used in order to minimize the short-circuiting
effect of the grid condenser on the grid leak.
If the grid condenser is made too small, however, an appreciable part of the radio-frequency voltage developed by the tuned circuit
supplying the grid will be used up in the grid
condenser, and the signal voltage, Es, actually applied to the grid will be seriously reduced (see Fig. 2). The best value of grid
condenser for all standard type tubes is from
0.0001 to 0.00025 mfds. Larger capacities
should never be used.
The Equivalent Circuit
FROM the discussion that has been given it
is seen that the most important features of
the grid-leak detector are the amount of rectified grid current produced by a given signal,
and the amount of voltage drop which this
rectified current produces in flowing through

the grid leak-condenser combination. Recent
investigations, both theoretical and experimental, have shown that the rectified grid current produced by the application of a small
radio signal voltage to the detector grid acts
exactly as though if were produced by a suitable
series of low-frequency generators acting between the grid and filament in series with the
grid-filament resistance of the tube.
There is one such generator for each component of the rectified grid current. The most
important of these equivalent generators is the
one of modulation frequency.
The action that takes place in the grid
circuit of a grid-leak detector can be conveniently described in terms of the equivalent grid
circuit shown in Fig. 4. Here the rectifying
effect of the grid circuit on the radio signal
is replaced by the equivalent generators, Er,
which are considered as producing the rectified grid current in place of the radio signal
that actually does. These equivalent generators act in a circuit consisting of the grid leakcondenser combination, RC, in series with the
grid-filament tube resistance, Rg. This grid
resistance, Rff, is analogous in all respects to
the plate resistance, RP, and is the reciprocal
of the slope of the grid voltage-current curve
shown in Fig. 1. While the grid resistance in
amplifiers is commonly considered as infinite,
this is not the case with grid-leak detectors
because the detector works with a small but
Unmodulated
o

alent grid circuitS
of Fig. 4 is used up as
voltage drop in the grid leak-condenser combination and part is used up across Rg.
The change of grid potential which the rectified grid current produces in flowing through
the grid leak and condenser is the grid voltage change which is amplified by the tube in
the usual audio-frequency manner. Under
ordinary circumstances only the modulationfrequency component of rectified grid voltage,
Er, need be considered in this process as this
component
the
detector. represents the useful output of
Detector Voltage Constant
THE size of rectified grid voltage, Er, used
in the equivalent detector circuit of Fig.
4 depends upon the tube characteristics at
the operating grid potential and upon the
signal voltage. The action of the tube in rectifying the radio-frequency signal voltage
can be completely taken into account by a
single tube constant called the voltage constant of the grid and represented by the symbol Vg. The voltage constant, Vg, is measured
in terms of volts and varies between — 0.2 and
— 0.5 volts for nearly all properly adjusted
detectors. The voltage constant of the grid
dRatg the
depends characteristic
upon the slope
of the
"grid voltagecurrent
operating
point,
and upon
fined by the way in which this slope varies
with grid voltage. Mathematically it is de-

Simple Modulation i Complex Modulation
Time

Fig. 3 — Rectified current for various kinds of modulation
definite grid current. The grid resistance, Rg,
depends upon the grid, plate, and filament voltages of the tube, and becomes higher as the
grid is made more negative. High grid-leak
resistances accordingly give a high grid resistance because such leaks give a more negative operating grid potential, while low resistance leaks will fix the operating grid potential
where the grid resistance is low.
Tube Capacity
THE capacity Cg1 indicated in Fig. 4 is
the input grid-filament tube capacity to
audio frequencies. This capacity is larger
than the interelectrode capacity by an
amount depending upon the plate circuit impedance, and will be in the order of 70 mmfd.
with 226, 227, 112a, and 201a tubes when
there is a transformer in the plate circuit.
The capacity Cgl is in parallel with the
actual grid condenser, C, so that the effective
grid condenser capacity is the actual capacity
TheCg1.generators that can be assumed acting
plus
between
the filament and grid in series with
the dynamic grid resistance to produce the
rectified grid current have no actual existence.
It is merely that the effect of applying a signal voltage to the grid is the same as though
these fictitious generators actually were present, and as though they and not the signal
voltage were the forces really producing the
rectified grid current. The voltage developed
by this series of fictitious generators can conveniently be called the rectified grid voltage,
and will be represented by the symbol Er.
One of the fundamental features of the law
of detectors is that the size of the equivalent
rectified grid voltage, Er, which can be considered as acting to produce the rectified
grid current, depends only upon the strength
and type of signal and upon the tube characteristics at the operating grid potential.
The size of grid condenser and grid leak has no
effect on the amplitude of the rectified grid voltage, Er, except in so far as the grid-leak resistance
affects the operating grid potential.
Part of the rectified voltage, Er.' in the equiv• march, 1929 . . . page 304 •

It can be measured by determining the grid
resistance at the operating grid voltage, and
at grid voltages slightly more and less than
the operating voltage.
As has been pointed 2*out,
the modulationVg= of? the rectified grid
frequency component
voltage is the important part. The crest or
peak value of this component of Er is equal
to mEs2/Vg
the degree
lation, whichwhere
must mlie isbetween
1.00 of
andmoduzero,
and will only reach 1.00 when the music or
speech is very loud, and Es is the peak amplitude of the signal carrier wave. The crest
amplitude is 1.414 times the effective (or
r.m.s.) amplitude. It is to be remembered
that field strengths, etc., are ordinarily expressed in effective values, while amplifier
inputs must be expressed in crest amplitudes
because it is the crest amplitude of the sine
wave that overloads the amplifier.
Practical Example
AS A simple example, consider the case of
a signal modulated 20 per cent, or 0.20
at 1000 cycles, with a carrier crest amplitude
of 0.05 volts being applied to a detector grid
operated where the voltage constant is — 0.25
volts. The crest value of the 1000-cycle component of rectified grid voltage is then 0.20
x (0.05)2 / (—0.25) = —0.002 volts crest value.
The amount of 1000-cycle rectified grid current existing in the grid circuit of the actual
detector is the same as the current which
this — 0.002 volts of 1000 cycles will produce
acting in the equivalent grid circuit of Fig.
4. The 1000-cycle voltage drop produced

R
■a/vwvnaat1

|

1
J
Fig. 4 — Equivalent circuit of gridleak grid-condenser detector
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across the grid leak-condenser combination
in the equivalent circuit by the action of the
—0.002 volts is the amount of 1000-cycle
voltage drop in grid potential existing in the
actual detector, and is the amount of 1000cycle voltage which is applied to the input
of the audio amplifying system. (This does not
mean the voltage applied to the primary of
the first audio transformer, for example, but
is the audio-frequency voltage impressed on
the grid- of the detector, which the author considers as the beginning of the audio
system. If the mu of the detector tube is 8,
the maximum voltage across the primary
under these conditions would be 8 x 0.002
or 0.016 volts — Editor.) The negative sign of
the rectified grid voltage is caused by the fact
that the voltage constant, Vg, of the grid is
negative, and this merely means that the
voltage acts in a direction opposite to that
indicated by the arrow in Fig. 4.
It is apparent from a study of Fig. 4 that
the fraction of the rectified grid voltage which
is usefully used to produce change of grid
potential is determined by the ratio of impedance to the rectified grid voltage, which
the grid leak-condenser combination offers
to the grid-resistance, Re. The higher this
ratio, the more sensitive will be the detector,
but in no case will the change of grid potential
ever exceed the rectified grid voltage.
In order that the detector may reproduce
the high notes as well as the low notes it is
necessary that the impedance of the grid
leak-condenser combination at the highest
note desired be sufficiently great relative to
the grid resistance, Rg, as to cause most of
the rectified grid voltage of this high frequency to be used up as voltage drop across
the grid leak and condenser. Then the high
notes will be reproduced with full sensitivity
and, as the low notes are already as loud as
possible, the detector will give good quality
output covering the entire audio-frequency
range.
The quality of the detector output will be
worse for operating points which give a high
grid resistance, Rg, than for conditions which
give a low grid resistance. Thus, high-resistance grid leaks give poorer quality than lowresistance ones. With a given size grid condenser, however, the quality is not unproved
appreciably after the grid resistance gets less
than a critical value to be discussed later. The
maximum allowable grid resistance, Rg, is
determined by the highest audio frequency
to be reproduced at full sensitivity, and by
the size of grid condenser. The grid-leak resistance has little effect on the quality at
the high notes except as a means of controlling
the operating grid potential, and hence of
controlling the grid resistance, Rg, because
the rectified grid currents of high audio frequency very largely go through the grid
condenser shunting the grid leak.
Detection Data
THE most satisfactory way to represent
detector characteristics is to plot grid
voltage constant, Ve, as a function of grid
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Fig. 5 — Rectifying characteristics
of a 226- type tube used as a gridleak grid-condenser detector

resistance, Rg, at the operating point. Since
the sensitiveness of the detector is proportional to the rectified voltage and this in turn
is determined by Vg, while the possible quality is dependent upon Rg, such a curve can
be considered as showing the relation between
sensitivity and quality.
A typical relation between the grid voltage
constant, Vg, and grid resistance, Rg, is
shown in Fig. 5. This figure also shows the
operating grid potential required to give
different values of grid resistance. In examining the Vg-Rg characteristic it is to be
remembered that, since the rectified grid
voltage is inversely proportional to Vg, the
sensitiveness is greatest when the grid voltage
constant, Vg-, is smallest. In Fig. 5 it is accordingly seen that as the operating grid potential
gets more negative, and the grid resistance,
Rg, increases, the sensitivity rapidly increases until Rg equals about 150,000 to
200,000 ohms. For all grid resistances higher
than approximately 150,000 ohms the sensitivity as indicated by the Ve curve is substantially the same, and is the maximum sensitivity
which is obtainable from this particular lube.
While Fig. 5 gives the Vg-Rg characteristic
of a particular tube at particidar values of
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Fig. 7 — Detection characteristics of
four-element tubes
and rated filament conditions, but would be
substantially unchanged if measured at other
plate and filament voltages. The important
differences between the various tube types are
(a) the value of voltage constant on the flat
part of the curve, and (b) the value of grid
resistance at which the low flat part of the
curve begins.
characteristics
are tabulated in TableThese
I. The
values in the
third
column determine the sensitivity of the detector as a rectifier. The tube with the smallest
Vg is the best rectifier, and will produce the
greatest change of grid potential with a given
signal. The second particidar in which different types of tubes differ, i.e., the point at
which the flat part of the curve begins, has
an important influence in determining the
effectiveness with which the high notes may
be reproduced. The lower the value of grid resistance at which the low flat part of the Ve—
Rf, curve begins, the better the detector.
Practical Detection

—
0

100.000 200,000 300,000

Fig. 6 — Grid current as a function
of grid resistance and Ve
plate and filament voltages, an investigation
in which over 1000 measurements of Vg were
made showed that every tube tested had a
Vg-Rg characteristic similar in shape
Fig.
^ torapid
5. In every case there was the
same
1
decrease in Vg at increasing values of grid
resistance and this was followed by the low
flat part of the curve at all grid resistances
above a critical value.
Not only does every tube have the same
type of Vg-Rg characteristic, but every tube
of the same type was found to have substantially
the same characteristic for all plate and filament
voltages (provided there was sufficient electron
emission from the filament). Furthermore
using the tube, or even rejuvenating it (in
the case of thoriated filaments) had no effect
on the Vg-Rg relation as long as the filament
was reasonably active. The only point on
which tubes of the same type differ is in the
grid voltage required to give a particular
value of grid resistance. At high plate and
low filament potentials the operating grid
voltage must be slightly more positive to obtain agiven grid resistance than at low plate
and high filament potentials. Even at the
same filament and plate conditions different
tubes of the same type will sometimes require
operating grid voltages differing in extreme
cases by as much as 0.5 volts to give the same
Rg.
Characteristic Curves
The Vg-Rg characteristics for standard
types of tubes are given in Figs. 8 and 9.
These curves are all for a plate voltage of 42
• march, 1929 . . . page 305 •

THE principles and data of the preceding
paragraphs will now be applied to the
problems involved in selecting detector tubes
and adjusting their circuits. In selecting detector tubes it is necessary to remember that
the sensitiveness depends upon, first, the maximum change of grid potential obtainable,
which is inversely proportional to the value
of Vg over the low flat part as tabulated in
Table I, and second, the amplification (produced in the tube) of this change of grid
potential. While both the 201a and the 199
have substantially the same Vg, the 201a
tube is a better amplifier because of its higher
mu and lower RP and is, therefore, superior.
The 227 tube is a more sensitive detector
than the 226 tube because, although they
are equally good amplifiers, the 227 tube has
a smaller Vg, and so gives a greater change
of grid voltage to amplify. On this basis the
227 heater-type tube is the most sensitive
detector, closely followed by the 226 and the
112a types. Other tubes, such as the 201a,
199, 171a, 120, and 12 varieties are distinctly
less sensitive, either because of high grid
voltage constant or because of low audiofrequency amplification per stage. The 200a
gas
tube
and
240 thehigh-mu
tube but
are noas
better rectifiersthethan
201a tube,
both have a high mu they are more sensitive
than other detector tubes in resistancecoupled circuits.
Securing Sensitivity
IN ORDER to realize the full sensitivity of
the detector tube the operating grid potential must be such as to give a grid resistance that is on the low flat part of the VgRg characteristic. No detector tube should
be operated at a grid resistance lower than
the value given in the fourth column of
Table I. If this rule is violated great loss in
sensitivity will result.
Since Rg is not the same as the grid-leak
resistance the next step is the selection of a
value for the latter that will give the best
operating grid potential. In general, the most
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action in the control grid of four-element
favorable operating point is the one that The actual grid condenser size is Ceff minus
tubes is of exactly the same character as in
gives the lowest permissible grid resistance,
the tube input capacity — about 70 mmfd.
as indicated in the fourth column of Table
for tubes with mu = 9 and for the other tubes three-element tubes. Fig. 9 shows the VgI, except that it is best not to operate with it will be roughly proportional to mu.
Rg characteristic of four-element tubes com
In the case of the 201a tube considered,
pared with the 201a tube. The curves for
Rg less than 100,000 to 75,000 ohms in ordinary cases because of losses in the grid circuit.
if the highest note is to be 5000 cycles, then four-element tubes are independent of filament, plate, and auxiliary grid potentials for
The value of grid-leak resistance controls the C
0.000212
a it X 5000 X 150,000
operating point, as has been explained. The
both space-charge-grid and screen-grid tubes.
greater the leak resistance, the more will be mfd. As the tube input capacity is about 70 The only difference between the two connections is that the low flat part of the Ve-Rg
the voltage drop in the leak, the more negammfd. a grid condenser capacity of 0.000142
curve extends down to very much lower
tive will this make the actual operating grid mmfd. will be required. With this capacity
values
of grid resistance in the case of the
potential, and the larger will be Rg.
notes
wellofas 10,000
the lowcycles
notes.will be reproduced half' space-charge-grid tube.
The value of grid-leak resistance giving a as
In Table I there is tabulated the value of
The screen-grid and space-charge-grid
desired operating grid resistance can be determined exactly by certain obvious measuregrid-leak resistance which will put the oper- tubes can, accordingly, be used very satisV
ments, which, however, require apparatus
factorily asgrid-leak detectors. In particular,
ating gridgresistance at approximately the
frequently not available, or they can be value corresponding to the lowest permissible
the space-charge grid tube combines fair
rectification
with unusual amplifying
determined approximately with the aid of figure as given in the fourth column of the
Fig. 6, which shows the grid current
properties. When arrangements are
worked out to satisfactorily utilize the
that will flow when the operating point
Table I
tremendous amplifying properties of
is on the low jiai part of the Vg~Rg charthe
screen-grid tube for audio-freDETECTION
CHARACTERISTICS
OF
THREE-ELEMENT
TUBES
acteristic, and when
is onis
the flat part,
and the
the tube's
desiredVg Rg
Ceff
for
70%
quency
amplification
grid-leak
deLeak
resistance
Mu
Type
known. To select the grid leak in this
with the
screen-grid
tube can
Rg at start to give Rg in
gridof be used tection
(volts)
with great success.
—0.47 of flat part column
approximate way one first determines
four reproduction
5000 cycles
—0.47
the grid current that will flow at the
(ohms)
(mfd.)
—0.47 (approximate)
(megohms)
desired operating grid resistance, us201a 209 —0.50
3.20
Comparison of Detector Tubes
0.000212
150,000
0.000636
1.06
ing Fig. 6, and then computes the
—0.45
200a
50,000
0.000212
resistance this current would have to
—0.28
150.000
240
30 —0.26
3.20
THE indications are that the merit
0.000255
125,000
199
6 —0.29
flow through to produce a voltage
of a detector tube as a rectifier de0.000255
120
3
1.50
125,000
drop equal to the voltage drop in the
1.67
200.000
171a
0.000160
3 —0.23
upon or
the the
characterisfilament. The resistance thus obtained
0.000212
tics ofpends
theprimarily
filament,
electron
5.8
8 —0.27
3.9
150,000
112 a
0.000212
7.2
8
1.6
226
150,000
when used for the grid leak will give
0.000636
emitting
cathode,
and
only
second50.000
8
227
0.000636
the desired grid resistance usually
arily, ifat all, upon other features such
4.0
6
50,000
as the mu, electrode voltages, number
without more than 20 per cent, error
12 Values of Vg are averages for a number of tubes.
Note:
for all plate voltages within the usual
of elements, power capacity, and the
Values
of
Ceff
are
values
for
grid
resistance
as
operating range, and for all tubes of
tube like. The oxide-coated filament is
givenminus
in fourth
column. The actual grid condenser capacity is Ceff
that type. Thus in the case of a 201a
input capacity.
definitely superior to the thoriatedValues of Ceff twice the value given in table reproduce 5000 cycles tungsten
tube to be operated at l\z = 150,000
filament, which, in turn, is
45 per cent, as well as the low notes instead of 70 per cent.
ohms, the grid current as determined
better
than straight tungsten. At the
All tubes are RCA or Cunningham.
same time there is some difference befrom Fig. 6 (Vg = — 0.47) is approximately 1.57 microamperes and the
tween different types of tubes with
the
same
kind of filament material.
Table. This table also gives the value of Ceff
grid-leak resistance for rated filament potential
that reproduces 5000 cycles 70 per cent, as
of 5.0 volts would be 5/1.57 = 3.2 megohms.
In selecting a detector tube the choice dewell as the low notes when the grid resistance
The grid return lead would then be brought
pends upon several conditions. If the audio
is the minimum value giving full sensitivity.
back to the positive leg of the filament.
system is resistance coupled the high-mu 240
and
200a
tubes are best. When the detector
Values of Ceff twice as big as those given in
This approximate method can be satisfactorily applied to all tubes except the 200a
the table will reproduce 5000 cycles one half is transformer coupled and is operated by
and the 227. With 227 tubes satisfactory re- as well as the low notes.
storage battery, the 112a is best, being defisults will be obtained when the grid leak is
In general it is best to use the largest size
nitely tsuperior
in amplification
and recification to theboth201a
which consumes
the
such as to give a drop of 0.9 volts when the grid condenser that is consistent with the
grid current at the desired operating grid quality of reproduction desired. Large grid same filament power. Of the dry-cell filament
tubes the obsolescent cx-12 is much more
resistance is flowing through the leak.
condensers use up less of the radio-frequency
sensitive than the 199. Of the a.c. tubes, the
signal voltage, as explained in connection
with Fig. 2. There is not much to be gained 227 type is the best detector, being better
Grid-Condenser Delerm inat ion
by going to condensers over 0.00025 nifds., than any of the d.c. or other a.c. tubes.
AFTER selecting the tube, the proper
while capacities much less than
It is interesting to note that the gas-filled
operating grid resistance, and the grid however,
0.0001 mfd. are also to be avoided if possible.
200a "super-sensitive"
no more
leak that will give the operating RK desired,
sensitive
than woidd be a detector
201a tubeisbuilt
with
The final decision to be made regarding the
there remains the determination of the grid detector is the choice of plate voltage. Since the same high mu. The gas apparently concondenser. The grid condenser capacity is the rectifying action in the grid (i.e., the form
tributes substantially nothing to the 200a tube
determined by the highest audio frequency
the Eg-I;, curve — Editor) is unaffected by but an objectionable hiss!
that is to be satisfactorily reproduced, and by of
In conclusion it is worth pointing out that
the plate potential, it is desirable to make the
the operating grid resistance. The rule is that plate
the value of the grid-voltage constant, Vg,
voltage as high as possible consistent
the reactance of the effective grid condenser
over the low flat part of the curve, and the
with the safe or allowable plate current. Such
capacity (which is the actual grid condenser
value of grid resistance, Rg, at which the flat
a
plate
potential
will
give
a
low
plate
resistcapacity plus the input grid-filament tube
ance and hence good amplification. Unusually
part begins, are tube constants which should
capacity to audio frequencies) at the highest high plate potentials cannot
-0.8 be used with be published by tube manufacturers. Both of
note to be reproduced at least 70 per cent,
moderate mu tubes, however, because of the these quantities are as truly characteristic of
as well as the low notes must be equal to the high plate current with the grid operating
a given make and type of tube as is the mu
grid resistance. Therefore,| if f is this highest
and plate resistance. Both detection constants
point near zero potential.
frequency and Cefr is the1fRgcapacity, then
-0 6
Measurements of Vg of four-element
tubes are substantially independent of age, filament, and plate voltages within the operating
operated as space-charge-grid and screen-grid
Ceff =
(222 type) tubes show that the—Xrectifying range of values.
-0.4
■0.8
Rated Ef
4
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Fig. 8 — Detecting characterization of typical tubes
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Fig. 9 — Detection characteristics of three-element tubes
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Radio Broadcast's Home-Study
PLOTTING

A LL experimenters should be able to draw
curves, graphs, or plots and to interpret what
these pictures mean. Also they should be able to
interpret menters
what
by other
mean. Athenotecurves
book drawn
full of curves
is a experisource
of concentrated information of infinite variety.
In a few pages it may contain a summary of a
month's
in a laboratory,
or offormulas.
many week's
work withworkcomplex
mathematical
It is
always a visual picture or representation of some
physical, electrical, or mechanical phenomenon.
This some
"Home-Study
is written
in the curve
hope
that
of the lessSheet"
apparent
facts about
plotting may
beexperimenters
brought to lightto and
that
it may
en-in
courage
more
keep
their
data
this convenient form.
To state that a graph is a visual representation
of a mathematical expression may not convey
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Fig. 1 — A map is a form of graph

CURVES — PART

Other Types of Graphs
A graph is no different from a map, even though
the axes or coordinates may be called X and Y
instead of north-south and east-west. Also such
high-sounding
words toas express
"ordinates"
"absissa,"
etc., may be used
the and
distance
up or
down, and right or left, from some point chosen as
the origin. In a graph the units of measurements,
instead of being miles or feet, may be amperes,
dollars, watts, volts, or merely unnamed units.
Generally the origin is at the lower left-hand
corner of the graph, although there is no reason
why it cannot be somewhere else; for example in
plotting the plate current of a vacuum tube against
the grid voltage, the vertical axis (representing
plate current) is usually near the center of the
graph instead of at one corner of it so that both
positive and negative values of grid voltage may be
represented. Wherever the origin is, to plot the
position of a point with respect to the origin, we
need only move a certain number of units to the
right (or left) and erect a perpendicular line; then
move a certain number of units up (or down) and
make a horizontal line. Where these two lines cross
each other is the position or location of the point.
For example, on Fig. 2 is plotted the point (X=5,
Y=5). We find this position by moving 5 units to
the right of the origin (where both X and Y are
equal ularto linezero).
this pointallwe points
erect thewhich
perpendicwhichAt contains
are 5
units
to
the
right
of
X
=
0.
Then
we
draw
the line
Y = 5 and let them cross.
Equation of a straight line
A point is represented as follows, (X = 5, Y = 5).
A straight line is a bit more complex because it
goes through two points whose locations must be
given.ing oneWepoint
can through
get aroundwhich
this itcomplexity
goes and bythe knowslope
of the line, that is the change in its Y units that
are caused by a change along i ts X axis. In general
a fine is represented by an equation of this form,
Y = BMXis the
+ B.point
wherewhere
M isitthecrosses
slope the
of the
line,
and
Y axis.
Thus the line Y = 2X — 4 crosses the Y axis 4
units below the X axis and has a slope of 2.
A line parallel to the Y axis is expressed as X =
so-and-so; X = 5, for example, because it repesents al points
5 units
the axis
right of so
Y. Similarly arline
to thetoin Xthe
units above
itparallel
is described
same and
manner.many
For
example, a line parallel to the X axis and 5 units
above it is represented as Y = 5.
A line going through the origin, such as OA of Fig.
3, crosses the Y axis at Y = OandsoBin theequation
above equals zero. The formula then becomes simpler, Y = MX where M is the slope and is actually
equal to Y/X. In Fig. 3 M is equal to J or 0.5 and
so0the
equation
this linepoints
becomesB and
Y = C,
0.5 Fig.
X. 3,
A line
going ofthrough
crosses the Y axis at Y = 10 and has a slope equal
to — Y/X (because it points in the opposite direction
to OA) or — 'sa and so the line becomes Y = — JX
Problem 4. Locate on Fig. 2 a point (X = 3,
Y =2). Describe in mathematical language the
position
point offP several
on Fig. units
2. in both X and
Problemof the
5. Mark
YDrawdirections
on
a
sheet
of
cross-section
paper.
on it the following lines,
(a). Y = 3, (b) X = —4, (c) Y = 4 x + 3, (d) Y
= 3 X + 4, (e) Y = X — 3, (f) Y = 2X — 3.
Ohm's Law
'^ Y= law
Ohm's
5 reads,
I The
= E/R,equation
may be representing
written I = (1/R)
E which
looks
axis
®p

-Y

>
X=5}Y(X == 5/5\
1

,+ 1 I
\(X1 =+"0)2 3 4
VY-0/

X axis

5 6 *-}

Fig. 2 — This drawing illustrates
the location of a point on a
graph
• march, 1929

like the general expression for a straight line through
the origin, ofY the= MX
in which
- 1/R.is called
Now the
reciprocal
resistance
of aMcircuit,
its
"conductance" and the lower the resistance the
greater
write Ohm's
law as I the
= K conductance.
E in which K isWethe may
conductance
and is
always
equal
to expresses
1 — R. K the(or relation
1/R) is between
the slope theof
the
line
which
current and voltage in a circuit.
Problem 6. Assume the resistance of a circuit is 1
ohm, and plot the relation between E and I, making
E the X axis and I the Y axis. (Assume various
values for E, calculate I when R = 1, and plot).
Thenthe assume
severalof other
on
same sheet
graph values
paper. to R and plot all
Suppose,
however,
we
have
current of of4 amperes
flowing in a circuit having a aresistance
2 ohms.
If we add another battery and vary its voltage

in
1r
y
X
a6
c
01234
56
789 10
X
Fig. 3 — Drawing shows method
of plotting a line on a graph
the current in the circuit will change. How can we
express the relation between the total current
flowing and the variations in the additional voltages? Let I be equal to the current flowing. Then
M=
I=| + 4or-^E + 4orI=±E + 4
The above formula looks like our general expression,
Y = MX + B. In this case a current of 4 amperes
isthealways
flowing; the
and vertical
so when orE =current
O, I =axis
4 andat
line crosses
1=4. When E = 4 volts, I =4/2+4 =6 amperes. And so7. on.
Problem
Assume several values for E in the
above case and plot the current on cross-section
paper. Draw a line through them. Then assume another value of R and replot. Then assume a negativelent tovaluereversing
of E. calculate
I and soplot.thatThisit bucks
is equivathe battery
the
battery which is producing the steady current of 4
amperes.
Units
The appearance of a curve may be changed somewhat by changing the units into which the vertical
and horizontal axes are divided. As an example,
plot the following data which give the d.c. output
voltage
of a and
cx-380as various
rectifier a.c.
tube voltages
as the load
is changed,
are current
put on
the plate of the tube. There will be three curves for
the three plate voltages applied to the tube. First
make the vertical divisions, 100, 150, 200, 250 volts,
etc. Then make the same divisions, 100, 200, 300, etc.
and note how much flatter the curves seem. The
slope oftion" ofthese
curves isthatan is,indication
rectifier,
manyof the
volts"reguladrop is
caused bytheincreasing
the outputhow current.
Problem 8. The ratio between the voltage and
the current at any point on these curves gives the
d.c. resistance of the rectifier. The slope of the
line, that is the change in voltage divided by the
changefier.inCalculate
currentthe isd.c.
the resistance
a.c. resistance
of thevaluerecti-of
at each
output current and plot against current.
Data for 260
Example
220
20
Volts 280
per plat*
Current output 300
250
Milliamperes
280
330 230
40
350 300
Volts
60
330
375 240
260 210
80
310 230
output of
100
290
190
Rectifier
280
180
120
"1

X

6
5
4
3
2
1

I

-t

much to the average experimenter, but such is a
fact nevertheless. Every graph or plot or curve
may be expressed in the form of a mathematical
equation. Some curves, however, are so complex
that the expression would be very difficult to figure
out. Conversely, every mathematical expression
may be plotted in the form of a graph.
A graph is a visual statement that two factors are
related to each other in some fashion, either simple
or complex. Thus, one factor may increase when
the other increases, directly or according to a square
orother
a more
complicated law, or it may decrease as the
increases.
A form of graph with which everyone is familiar
is a map.milesWe north
say that
many
and a socertain
manytown,
miles"A,"westis soof
Chicago. Anyone with a map could put his finger on
such a place
at a moment's
notice. Atwo
map coordinates
has the essentials of every
graph, namely,
(axes)
or
directions,
north-south
and
east-west,
origin, in this case Chicago, and a point which wean
wish to locate with respect to this origin. Fig. 1
shows
how wethe would
locate marked
the town offof as"A."
maps have
coordinates
shownSomeat
the
top
and
down
the
left
side
of
Fig.
1
and
on such a map would be defined as existing at so(B,"A"
3) .
this graph.
case the origin is at the top left-hand corner
ofIn the
is atProblem
(F, 6).1. Mark on the map a town, "B," which
Such a means of locating a point on a map is
everyday knowledge.
The next problem is a bit more complex. How
would you state that a railroad runs north and
south and at a distance of 50 miles from Chicago?
Here we must locate not a point on a map but a
straight line perpendicular to one axis (coordinate)
and parallel to another. A simple expression for such
a line, representing a railroad, would be (west 50
miles) signifying that the road ran north and
south and was 50 miles west of Chicago at its
nearest point.
Problem 2. A road runs south of Chicago
through (D, 6) and straight east and west. Mark it
on the map.
The next problem would be to describe a road
that ran at an angle to the two axes and approached
to within 50 miles to Chicago. We could state that
it ran tionsthrough
two towns and then give their locaabove. on the map just as we located the point (B, 3)
Problem 3. A road runs through (B, 2) and (F.
6.5). Place it on the map. How far south of Chicago
is the nearest approach?
A point on a map is located at the intersection of
two lines; a line is defined when two points through
v/hich it passes are located. The points are always
given
in certain
away from vertical and
horizontal
axes ordistances
coordinates.
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Radio Broadcast's Home-Study
PLOTTING

CURVES may
bp plotted
eitheror from
matical formula
or equation
from aa matheset of
data obtained in a laboratory or from someone who
has already done the laboratory work. To plot
these curves properly, all one needs is a hard
pencil or aIndia
rulingink),
pen,a some
Indiatriangle
Ink (Higgins'
American
celluloid
or rule,
aTheFrench
curve,be and
latter may
boughtsome
fromcross-section
Keuffel and paper.
Esser,
Deitzgen, Codex, and several other manufacturers,
and it comes in many colors, many rulings, and
sizes,
books. some of which are punched for loose-leaf note
and Esser paper
359-610 and
areKeuffel
both convenient
and areNo.ruled
x 10 355-2R
to the
inch and are punched for standard size note books.
Another
EsserDietzgen
No. 359-11
which is good
ruledpaper
20 x is20Keuffel
to theandinch.
No.
340-10 is ruled 10 x 10 and is punched. Codex 2
and 3 cycle logarithmic paper. No. 3135 and 3112,
and Keuffel and Esser double logarithmic three
cycles,
No. 359-120,
are useful
in plotting amplifiers,
frequency
characteristics
of audio
transformers,
loud speakers, etc.
Vacu um-Tube Character ist ics
The characteristics of a vacuum tube are usually
represented
on a sheet
of graph
paperthere
and are
the
characteristic
curves.
Because
are called
three
variable factors involved, plate current, grid voltage, and plate voltage, a complete picture of the
tube and its action in a circuit cannot be represented
on a single sheet of paper, (which has only two
dimensions), but two curves are needed, or better
still a three dimension model made of plaster of
Paris or wax. Some very beautiful models of this
sort are used in the course on vacuum tubes given
at Cruft Laboratory, Harvard University, and are
part of the equipment of any good radio engineering
course. We can get a good idea of what a tube will
do by making two curves called the Eg-Ip and the
Ep-Ip
curves. values
These ofshow
the plate
current
is at various
grid what
and plate
voltage.
The
slopes of these curves are important tube factors.
Problem 1. Plot the data in Table 1, making the
vertical axis, the current axis (in mA.). Determine
the slope and,
the mutual
ductance is theremembering
change in that
amperes
divided conby
change in grid volts, calculate the mutual conductance.
The
slope
of
the
plate-voltage
plate-current
curve, using amperes and volts of course, gives the
reciprocal of the plate resistance of the tube. The
slope of the curve must be divided into 1.0 to get the
resistance. Calculate the plate resistance at several
points on the curve. Plot the mutual conductance
and the plate resistance against grid volts, plate
volts, and plate current. In each case assume one
of the variable as fixed, e.g., when calculating and
plotting the plate resistance assume the grid voltage
is some constant value for one set of values, and
then assume another value for another set of data.
Table 1
—4
60 plate80 volts 135= Ep
-6 = E
Grid volts
10.25
2.75 4.5
—08
4.75
.250 1.0.25
2.75
0
1.25
Correcting Errors of Measurement
A curve which is a visual picture of a given laboratory experiment may be very useful in detecting or
1000
800
700
600
. 500
i 400
i
■ 300
i)' 2
00

Three Sta ge Put lie / \id

100

CURVES — PART

II

10,000
4000 5000 6000
FREQUENCY IN CYCLES
Fig. 1 — Frequency characteristics of transformer plotted on cross-section
correcting
in relation
measurement.
if we know errors
that the
betweenFortwoexample,
factors
A mplificat ion-Frequency Character ist ics
is a straight line, and when we plot the curve, paper
The frequency characteristics of amplifiers and
several points seem to be off this line, these points audio
transformers may be plotted directly against
indicate errors in measurement. In calibrating a frequency.
It has now become standard practice to
plot
amplification
frequency arranged in
wavemeter, according to "Home-Study Sheet No. octaves, so that each against
change in frequency gets equal
13,"
errors
may
occur,
and
the
only
way
to
tell
them
is to plot the curve of wavelength squared against attention. For example,
the curve of Fig. 1 repcapacity, or wavelength against condenser degrees.
resents atransformer of the olden days when lowThe first of these curves will be a straight line, and frequency
was unthought of. Note
the latter will be a smooth curve. Points off the what a longamplification
portion the curve has. Then look
curve should
be considered wrong and must be re- at the curve flat
of Fig. 2 in which the same data is
peated or disregarded.
presented
on
logarithmic
Problem 2. Plot the data in Table 2. first, showquencies, i.e., from 100 topaper.
1000 Here
cycles theare low
not freall
ing the relation between wavelength squared and cramped into
a
very
small
part
of
the
whole
zontal scale but get the same horizontal spacehori-as
does the range from 1000 to 10,000 cycles — and both
of these spaces represent a 10 to 1 change in freThe ear hears according to a logarithmic scale,
quency.
and so amplifier characteristics are usually plotted
against transmission units (db| of loss or gain with
some given frequency as standard. That is, the
response at all frequencies is plotted with respect
to the response of some intermediate frequency as
standard. For example, we may measure the power
output of an amplifier obtained at 1000 cycles and
output
frequencies
tothenthecompare
value atthe1000power
cycles.
Or weof other
may simply
plot
the power output at all frequencies without regard
to any given frequency as standard. One curve
gives the characteristic, the other tells us the
500 1000
3000 5000 10,000
FREQUENCY IN CYCLES
power output. The characteristic may be obtained
from the power output curve by noting from it how
much more power is obtained at one frequency than
another.
Fig. 2 — Frequency characterisCharacteristics of amplifiers should always be
tics of transformer plotted on
plotted with a logarithmic horizontal frequency
logarithmic paper
scale and preferably with a vertical scale either in
logarithmic units (db) or on a logarithmic scale.
3. Transfer the data given in the curve
condenser capacity, and, secondly, the variation of of Problem
Fig. 3 to db, first calculating the number of db
wavelength with condenser degrees. Determine
up
or
down
1000 cycles, where the voltage
which points are wrong, and indicate what the amplification from
850 and secondly plotting the
wavelength should be instead of the values given. number of db iscorresponding
to the voltage ampliIf the slope
of theis straight
line,
i.e.,the(wavelength)2
fication,
e.g.,dba voltage
amplification of 100 coragainst
capacity
divided
by
3.54,
inductance
r
e
s
p
o
n
d
s
t
o
a
of
40.
of the circuit will result. Determine the inductance.
Remembering that the ear can hear with some
Table 2
difficulty
in power than
outputthis,of 3plot
db the
and data
cannot hear changes
smaller changes
in Table 3 and determine whether or not the
Condenser
Wavelength
amplifier is a good one. Plot in db using the power
Condenser
meters
capaci ty
degrees
output at 1000 cycles as standard. Will the loss in
15
response
100 mmfd.
197.5 I
245.
25
the
ear? at 100 and 5000 cycles be noticeable to
F
253
300
55
Table 3
'es
Frequency
35
Power output
milliwatts
200
60
cycles
350
100
200 " •'
600
175
150
"
700
400
300
2000
700
1000
700
435
4000
280
6000
VI) li
8000 Summary 105
fier
».

100

1000
10,000
FREQUENCY IN CYCLES
Fig. 3 — Power output of an amplifier plotted on Log-Log paper
50
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A calgraph
is a visual representation
or mathematical
law. To plot theof some
curve physiwhen
the law or equation is known, it is oidy necessary to
assume various values for one of the related factors
and to calculate what the other values are. Thus we
can
Ohm's what
Law bytheassuming
values
and plot
calculating
current will
be atofa voltage
known
resistance. Then voltage and current values are
plottedtionsagainst
other. give
Morecurves
complicated
between twoeachfactors
which arerelanot
straightmula isseldom
lines andknown.
the mathematical equation or for-

Autodyne

Simplified

A

DOUBLE-DETECTION

By

published in
THE y writer's
INFebruar
Broadcast the adRadio article
vantages of double-detection receivers
over other short-wave receivers were discussed. In order to facilitate the comparison
there was described a species of adapter which
may be applied readily to an ordinary
detector-audio set, converting it into a doubledetection (super-heterodyne) receiver. Since
the device employed a heterodyne oscillator
two tuning controls were required. This same
complication also existed in the two other
forms of the circuit which were described,
namely a double-detection adapter (to proceed an ordinary broadcast receiver) and an
outright short-wave receiver of the doubledetection type.
When it is desired to simplify the control
and retain the advantages of the tuner,
one naturally thinks of combining the tuning
controls. The first suggestion is that this may
be accomplished by the use of a two-gang
condenser after the universal practice employed in broadcast-receiver construction.
The solution is not satisfactory, however,
since the problem is not the same as the one
encountered in the 500-1500-kc. band. The
broadcast designer or builder has to make only
two coil-condenser combinations work together, but in short-wave work we would be
required to make the circuits remain in alignment with four or five sets of coils which are
plugged into tuner and heterodyne, respectively. Of course, this can be done, but commercial coils are not matched accurately
enough for the purpose since the makers have
not anticipated such an arrangement. Indeed, it would be difficult to make them
sufficiently alike at a cost approaching the
coils now on the market. One may then leave
this idea and turn to the alternative, which is
to avoid the necessity of tuning two circuits
by the process of omitting one of the circuits;
patently this involves a transfer of the second
circuit's
to two
the purposes.
remaining circuit
which mustfunctions
now serve
Therefore, we may proceed by investigating
the possibility of combining the functions of
the oscillator and the first detector in a single
tube and a single tuned circuit. The possible
difficulties are loss of sensitivity, selectivity
and audio quality. The audio quality consideration may be determined more easily by
trial than by other means and the reader is
asked to accept the rather dogmatic statement
that in the arrangement which follows audio
quality does not suffer. The selectivity is certainly not improved by the combination of
the two circuits, but as it happens the present
arrangement is one in which the i.f. amplifier
supplies the selectivity and we are not so seriously concerned with that matter.
Sensitivity of System
WHEN the question of sensitivity arises
one must confess that a definite loss
has taken place by reason of the choice of 95
kc. as an intermediate frequency. However,
this loss is not serious as the presence of a pair
of screen-grid tubes in the complete system
produces an overall gain that is materially
above that of the system described last
month, and is, in fact, above normal requirements. The choice of 95 kc. as an intermediate
frequency is due to the desire to avoid any
damage to audio quality, while at the same

ROBERT

Circuit

Used

in

SHORT-WAVE

SET

S. KRUSE

View of the converted short-wave tuner, i.f. amplifier, and a.f. amplifier.
time avoiding an excessive amount of detuning of the autodyne detector in process of
transferring the signal into the i.f. system.
This contrary pair of considerations may require aword of explanation. If audio quality
were the only consideration we would choose
an intermediate frequency in the vicinity of,
perhaps, 1000 kc, thus securing a noiseless
amplifier and complete certainty that the harmonics of the oscillating detector would do
no damage. This plan was followed in the
February article with a separate oscillator
(heterodyne). But with an autodyne (combined oscillator and first detector) we cannot
use as high an intermediate frequency for we
would then be compelled at all times to tune
1000 kc. off the desired signal so as to transfer
it to the 1000 kc. amplifier. Such mistuning
would, of course, weaken the signal materially
whereas the detuning necessary to produce a
100 kc. beat is not fatal. Fortunately this —
like the other difficulties — turns out to be an
academic, and not a practical, difficulty.
The i.f. system used consists of a pair of
Rusco 95 kc. air-core transformers and a
Rusco band-pass filter working at 95 kc.
There are two ways of making a
short-wave super -heterodyne, as Mr.
Kruse pointed out in February Radio
Broadcast. One involves turning a
short-wave tuner into the frequency
changer and one's broadcast receiver
into an intermediate-frequency amplifier. In this article he tells how to
make a receiver that starts with the
antenna and ends with the audio
output — and it is a double-detection
set of considerable amplification and
selectivity. It does not involve playing
tricks on one's short- or broadcastwave receiver.
— The Editor
« march, 1929
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The tuner with which the device has been
associated in the writer's experiments is made
by the National Company and has a wavelength range of 14.5 to 115 meters. At the
115-mecer end of the range a 95 kc. beatnote
requires nearly 4 per cent, mistuning, which
seems rather bad to one accustomed to broadcast work. At the 14.5-meter end the mistuning is about \ per cent. Fortunately one is
saved by the very thing that suggested the
band-pass, namely, the comparative lack of
selectivity of a lonesome tuned circuit. In
practice the signal obtained is not materially
weaker than that obtained with a heterodyne,
the rest of the equipment remaining the same.
This is, to a considerable degree, accounted for
by the fact that the strength of the oscillation
was adjusted in all cases to a favorable value
by use of the normal controls of the tuner,
operating in the normal manner.
Badiation
from the
autodyne's
tector is prevented
by the
222-type first
tube dein
the first socket of the receiver.
The circuits, which are shown in Figs. 1, 2,
and 3, do not seem to require much explanation. However, some readers may be confused
by the band-pass filter, but its purpose may be
explained by the simple statement that its
business is to pass only the band of frequencies lying between 90 kc. and 100 kc, while
stopping lower and higher frequencies. It
follows that the only signals to get through
the system are those which the autodyne system has transferred
into theis, "pass-band."
The purpose
of this device
therefore, to
provide the selectivity of the system and to
suppress noise as well. Since the Rusco bandpass filter consists of four shunt sections
(and the corresponding series parts), it is
sufficiently complex to give a good flat top
and sharp cut-off, unlike the usual arrays of
tuned circuits.
Adjustment of Filter
ONE difficulty may arise which has caused
several filters to be denounced as "no
good." A filter, unless terminating in the
proper sort of a load, will produce all sorts of

RADIO BROADCAST
the grid returns should be bypassed directly
to their own filaments with O.lmfd.
If anyone has available other i.f. transformers they may be used, provided the first
contains a primary by-pass condenser. Usually
it
is of the Frequencies
"tuned" variety
and has
such100a
condenser.
materially
above
kc. are not to be recommended because of
the detuning required, while very low frequencies tend to cause difficulties from noise
and damaged quality.
Concerning A.C. Operation
Fig. 1 — Complete circuit diagram
of the original National short-wave
tuner.
weird response effects with bumps of signal
coming through where there should be none.
If your band-pass filter does not perform
properly it is suggested that you shunt a
500,000-ohm Frost resistor across the output,
and, by pure cut and try, adjust the terminal
conditions so that the desired action is obtained. When the action is correct the signal
"snaps" in, stays for a while as the tuning
dial
out. of the receiver is turned, and then " snaps"
Observe that the output circuit of the National timer has been altered a bit. This is to
permit the 95 kc. output to enter the i.f.
system, at the same time permitting the regeneration control to function. The numberings shows what has been done, as do the diagrams of Figs. 1 and 2. The r.f. choke has been
eliminated, Cs has been moved, and the wiring has been changed slightly. These changes
also improve the control when using the
smallest tuner-coil.
Rather than draw the complete schematic
diagram it has been considered best to mark
various posts of the adapter (Fig. 3), such as
"A+,"
often as necessary,
though
only
a singleas terminal
is required even
in the
receiver.
Therefore, it should be understood that all
binding posts with the same markings on
either the set or the adapter are to be connected together.
In the second i.f. stage a 222-type tube is
shown. The gain obtained in this way is
more than required, but if anyone desires
more gain he is welcome to use a 222-type
tube in the first i.f. socket as well — providing
he can invent a way to match the high plate
impedence to the lower impedance of the
band-pass filter. This is strictly necessary to
secure decent filter action, not to speak of
decent gain. On the other hand, it is perfectly
practical to use 20lA-type tubes in both of the
i.f. positions. If this plan is followed the circuits will tend to oscillate and stabilization
of some sort must be provided. The simplest
thing is the old standby; return the grids to a
potentiometer across the A supply and turn
the knob to suit. The potentiometer may conveniently have a resistance of 400 ohms and

A RECEIVER akin to the one here
described has been operated for some
weeks with various portions of the circuit
modified to permit the use of a.c. tubes. On
the whole the performance has been satisfactory but previous experience with such
matters teaches the writer to believe nothing
about an a.c. job imtil it has been thoroughly
time-tried.
We must not stop without mention of television reception. If the transmission is being
made with a 24-hoIe disc at 15 pictures
per second, or a 48-hole disc at 1\ pictures a
second, we have a "basic" frequency of
modulation amounting to 360 cycles and a
tolerably probable impulse frequency running
up toward 9000 cycles. This means that the
carrier plus both sidebands will be about
18,000 cycles wide, which is about twice as
wide
as is,
thetherefore,
"pass" band
of the
filter.
The set
not good
for Rusco
the purpose
unless a filter with a wider pass band is used,
and even then it does not have much to recommend it since there are easier ways to attack
the problem. For this sort of work it is recomended that an entirely different amplifier
of
type" be ease
used aswhich
canthebe usual
done "television
with the greatest
the
tuner has not been incapacitated in any way.
It should be noted that the tuner controls
are at all times operated in the same manner
whether it be us'ed with the "television"
amplifier, the band-pass amplifier or the usual
audio amplifier alone.
Since mention has been made of satisfactory gain through the system it may be of
interest to run hurriedly through the circuit
with this in mind. The first 222-type tube,
which is used as a "coupling tube," produces
a gain of about 2, the autodyne detector produces again that is varied with adjustment
and signal strength, the first i.f. tube (201a)
produces a gain that is not up to the usual
at such frequencies because of its peculiar
plate load. The 222-type tube which follows
the filter operates with a moderately good
plate load and provides most of the gain in
the i.f. system, which may be further improved bymaking
using a sure
" tuned
this point,
that impedance"
the condenserat
between this circuit and the next grid is of
very high leakage resistance. The following
20lA-type tube, acting as second detector,
produces the slight gain which is normal in

that position and this is generally sufficient to
cause the signal to overload either this tube
or the 112A-type audio tube, although the
latter is working under proper conditions.
To take care of this condition a Frost highresistance rheostat has been mounted on the
hitherto blank panel of the adapter and has
been connected across the secondary of the
first 95 kc. transformer. By a minor operation
it has been modified so as to open at one end
of the scale, thus permitting the removal of
the shunt when it is not desired. If no very
strong signals are encountered it is better to
connect this control across the secondary of
the second 95 kc. transformer since then it
will have no effect on the detector regeneration.
Another feature of the receiver described
by the writer is that the use of the National
steel cases and the various part shields results
in a complete freedom from the bothersome
hand capacity common to short-wave re-

Fig. 2 — Changes which must be
made in the detector plate circuit
of the tuner.
ceivers. To complete this effect the panel of
the right-hand (i.f. and a.f.) case was backed
by a sheet of aluminum.
List of Apparatus
THE
partsdouble-detection
required for theshort-wave
construction
of the
receiver described in this article follow:
One
National
One blank
panel,screen-grid
aluminum;short-wave tuner;
One
basepanel,filter,
9" x95-kc.
11"; ;
One bakelite
Rusco band-pass
Twomfd.;Rusco i.f. transformers, 95-kc;
Four tube sockets, ux-type, spring-construction;
Three Carter resistors, 1-ohm, 2-ohm, and 15-ohm;
Two Sangamo mica condensers, 0.001-mfd., and 0.0005One Durham grid resistor, lj-megohm;
One Twin-Coupler 222-type shield;
Clips for grid leak, brass angles for connecting panel
and base, machine screws, wire, binding posts, etc.
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Pick-Up

work is being done
CONSIDERABLE
in determining the behavior of microphones under various conditions of
studio pick-up. While the results will probably
not be reported for months or years, the literature already contains some material of practical value for those who are interested in
securing the best possible quality of reproduction as well as for laboratory technicians who
hones in sound-measurement deuse microp
terminations.
B. F. Miessner's article in the September,
1926, Radio Broadcast, on "The Importance
of Acoustics in Broadcasting" is worth rereading inthis connection. Miessner was concerned in this paper with possible distortion
in radio reproduction caused by the directional characteristics of microphones and
loud speakers. He concluded that these devices usually vary in directional characteristics with frequency. For horn speakers and
flat diaphragms enclosed on one side he secured apolar diagram, reproduced herewith
as Fig. 1, which shows a regular falling off in
intensity from front to rear at low frequencies,
the presence of a minimum at 90-120 degrees
at higher frequencies, and a marked beam
effect at still higher frequencies. This beam
effect was also very noticeable with cone- and
baffleboard-type loud speakers, as well as the
dynamic units.
Miessner argued that such an effect as that
of Fig. 1, secured by measurements on a horn
or diaphragm of about 12" diameter, would
also be noted in pick-up work with the same
device, the action being a reversible one. "It
is plainly evident," he wrote, "that if a musical instrument, say a 'cello with low-pitched
fundamental and high-pitched overtones, be
placed at an angle of 45 degrees to the face,
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as it well might in a studio, the fundamental
would be received about 75 per cent, as loud
as if it were in front of the microphone, while
overtones of the order of 5000 cycles would
be reduced to less than 10 per cent." He went
on to raise the point that a square-law effect
might be involved when the directional distortion of the microphone is repeated by the
loud speaker. While this is true, quantitatively Miessner's illustration of the 'cello is
somewhat misleading under practical conditions, as he himself recognizes, for toward the
end of the article he modifies his conclusions
as applied to the then standard broadcasting
microphone of the Western Electric 373-w
double-button carbon type, now superseded
by the 387-w. Although this microphone has
a closed back, it responds to sounds from the
rear because of diffraction around the housing.
The facility with which the sound wave
bends around the obstruction depends on the
wavelength compared to the size of the obstacle. Ifthe microphone housing is small
compared to the wavelength, diffraction takes
place with little loss in intensity. For higher
frequencies, on the other hand, the diaphragm may be in a region of pronounced
acoustic shadow, resulting in discrimination
against high notes. With an actual microphone diaphragm and housing the ratio of
dimensions to wavelength is not as unfavorable as Miessner's
curves
of Fig.
indicate,
and he gives
another
set 1of would
polar
diagrams, (Fig. 7 in the original article) here
reproduced as Fig. 2, which approximate
actual broadcast pick-up conditions. In the
latter, it will be noted, the discrimination
at 45 degrees against a 5000-cycle tone, compared to a 100-cycle fundamental, is not of
the order of 7.5, but only about 2.3.

A simple expedient used by broadcast
engineers in order to reduce loss of the high
frequencies in picking up music over a wide
front, as in the case of an orchestra of good
size, is to employ two microphones facing
outwards at right angles (Fig. 3) mounted on
a single stand a few inches apart. This doubles the angle in which pick-up occurs without
serious directional distortion. If this angle
is 90 degrees for each transmitter, the two
will cover a total of 180 degrees, or all of the
space in front of the microphone stand. The
outputs of the two microphones are mixed in
the usual way (Fig. 4) where the repeating
coils have 200-ohm windings to match the
impedance of the microphones, and the potentiometers are about 400 ohms each, the
combination working into the 200-ohm input
of the amplifier. An additional advantage of
such a combination lies in the fact that pick-up
is not confined to one point in the room and
there is less chance of running into any serious
acoustic anomalies arising from interference
of reflected waves or other effects of the room
characteristics. However, a right-angle microphone combination of this type presents
no advantage in picking up announcements
or other close-talking material.
THE BEAM EFFECT
The beam effect of projection of high frequencies is well recognized now in human
articulation, the output of many musical
instruments, and in loud speaker design.
Pick-up of ordinary speech with present-day
equipment is generally defective when the
speaker is not talking directly into the microphone because the high frequencies, which are
so important in the interpretation of speech,
issue in a beam in the direction in which the

Fig. 1 — (left)
Polar curves
showing directional characteristics of
horns and flat
diaphragms
enclosed on one
side atciesfrequenof (1) 100,
(2) 1000, and (3)
5000 cycles
Fig. 2 — (right)
Approximaterectionaldiactericharstics for
broadcast microphones at
standard test
frequencies o f
100, 1000, and
5000spectively
cycles, re150
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Fig. 4 — Circuit used for mixing
the output of livo microphones
speaker is looking. Likewise, in listening to a
loud speaker from a position well to one side
of the orifice, one gets the bass with almost
full volume, but the 3000-5000-cycle range is
partly lost. The same effect is observed in
listening to a loud speaker in another room —
considerable sound comes through the intervening corridor, but intelligibility is poor
because the high frequencies, probably deficient to begin with, do not bend around corners as well as the longer waves. Transmission
of high frequencies is always a delicate job,
and constant precautions are necessary to
retain them. A cone loud speaker designed
with a certain kind of paper, for example,
loses the high frequencies first of all when a
heavier grade of paper is substituted. The
high notes are lost before the low ones in
transmission along a telephone line. Directionally, likewise, discrimination is usually
against the upper frequency range.
MICROPHONES IN LAB. WORK
Microphones, useful to the broadcast
engineer as a means of sound pick-up, also
serve as measuring instruments in the laboratory. The condenser transmitter is the form
most used for this purpose, its construction
and mode of operation being favorable to
constancy of characteristics over long periods,
while a carbon microphone, obviously, cannot
be depended upon to the same extent. Stuart
Ballantine has recently reported in part on
his work on "The Effect of Reflection by the
Microphone
SoundPhysical
Measurements,"
the
December,in 1928,
Review. Thein
article, which appears in slightly abridged
form in the same month's issue of the I.R.E.
Proceedings, is of more interest to laboratory
technicians than to broadcast operating engineers, but should not be entirely ignored
by those of the latter who want to be known
as up-to-date workers.
The condenser transmitter is used in acoustic work to measure sounds which, after it
picks them up and converts the energy into
corresponding electrical variations, are amplified and operate a recording system, such
as a vacuum-tube voltmeter and galvanometer. Fig. 5, for example, shows the use of
such
a system in measuring loud-speaker
characteristics.
The only trouble with this scheme is that
the condenser transmitter is so large that it
tends to distort the sound field which it is
supposed to measure. It is as if, in measuring
the flow of a stream, we introduced an object
so large that it changed the velocity and direction of the current. There is one method of
acoustic measurement which does not suffer
from this defect, or does so, at least, to a lesser
degree. This is the Rayleigh disc, which is affected bythe velocity component of the sound
wave, while the condenser microphone is a
pressure-operated device. The usual form of
the disc is a thin, light, elliptical piece of mica,
suspended at the end of the long axis by a
fine fibre, and silvered on one side to reflect
a beam of light. Under the impact of a sound

wave the disc, which is only about half an
inch long, is deflected. The angle of deflection
is measured by means of the light lever and
gives an indication of the acoustic forces at
work. A condenser transmitter, being a relatively cumbersome implement, requires some
correction for its own effect on the forces it
measures, and what Ballantine has set out to
do in the article cited is to assess the correction required at different frequencies.
If the waves are long they bend around the
microphone (diffraction) with little influence
by the obstruction on the field, but short
waves are reflected with a consequent increase
in the apparent value of the pressure before
the diaphragm. A tightly stretched diaphragm
of infinite extent would reflect all sound waves
perfectly and the indicated pressure would be
double the pressure which would prevail were
the microphone out of the way. The microphone is large enough to act as such an obstruction for short sound waves. The problem
then is to evaluate the extent to which the
microphone raises the instantaneous sound
pressure at various frequencies.
Ballantine goes about this with a simple
but ingenious procedure. He mounts his condenser transmitter with its first stage of amtion ina spherical
"bullet,"
diaphragm plificasensibly
in the
surfacewith
of the
the
sphere. The diffraction of sound by a spherical
obstacle is a classical problem, soluble by
intricate but known methods. Ballantine
has performed the calculations and drawn his
results in the form of a curve showing the
ratio of the indicated pressiue to the pressure
in the undisturbed field (microphone removed)
at various frequencies. With a sphere six
inches in diameter, he finds that this ratio is
unity at 100 cycles (no correction required),
about 1.25 at 500 cycles, 1.56 at 1000 cycles,
1.77 at 2000 cycles, up to nearly 2.0 at 10,000
cycles. He has also determined the curve for
a 12-inch spherical mounting. The results
may be applied experimentally to the more
usual forms of microphone mountings, which
are not amenable to calculation. Ballantine
Microphone
Microphone
No.l X
X
No.2

--—90°- —

\

Fig. 3 — Microphones mounted at
right angles double the angle in
which pick-up occurs
has this work under way. When the correction
curves for practical mountings are published,
more accurate determinations of sound pressures by the use of ordinary condenser microphones will be possible.
Correction After a Decade

onee
engineer
valuabl
they s,areI being
them, Nis ofthat
ofOPINIO
members of society. But I must admit
that sometimes they are all wrong.
In the summary of the paper by Bailey,
Dean, and Wintringham on "The Receiving
System for Long-Wave Transatlantic Radio
Telephony,"
presented
the Institute
of
Radio Engineers,
I findbefore
a calculation
of the
effect of a receiving location in Maine (for
reception of British transatlantic telephone
signals) and wave antenna arrays instead of a
simple antenna.near
" If New
the receiving
were a toloop
be
accomplished
York using
MY

antenna," it reads, "we would
crease the power of the British
station 20,000 times to obtain the
to-noise ratio."
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Galvanometer
Fig. 5 — System
for measuring
loud-speaker characteristics
Ten years ago I was working on static
elimination in company with a first-rate radio
engineer. His record since then has borne out
that classification. What I recollect distinctly
is that as we were walking home one day he
said, "After all, the way to lick static is to use
more
the transmitter."
Two power
millionat kilowatts,
say?
Safety for the Broadcasters

ast
ution
electroc
in Radio
on anthearticle
NG about
ENTI
COMMBroadc
of one of the engineers at Daventry, Mr. Saul Bloch offers the following idea
as a means of preventing such fatalities in
broadcast stations:
" In setting up a transmitter why not build
the following type of moving platform next to
those parts of the apparatus which carry high
tension currents?
"1. The platform should be located in
such a manner that when anybody wishes
to approach the high tension wires he will
have to stand on the platform in order to
be within reach of the wires;
"2. The platform should be set on some
sort of device which would permit it to drop
slightly below its normal level when the
man steps on it;
" 3. The platform should be so connected
in the circuit that when it moves down with
the weight of the man the high tension circuit would be automatically broken."
"To an engineer," adds Mr. Bloch, "this
may not be feasible and may even be considered as an invention of Bube Goldberg's,
butWhile
it is Ibeing
in all
do notoffered
consider
thissincerity."
idea practicable
I certainly feel that it deserves discussion, if
only to keep the subject before the men who
take the risks. My opinion remains as I have
frequently stated it before — that there is no
mechanical substitute, in working with high
tension currents, for unremitting awareness
of danger on the part of the operators and the
caution that should result therefrom. A disconnect scheme like that proposed by Mr.
Bloch could not be depended on to function
infallibly. Automatic shut-down devices actuated by push-buttons and operating through
relays sometimes fail to act. An open-circuiting platform would entail the same jeopardy.
There are times, also, when the operator wants
to get. close to the set, while it is in operation,
in order to observe a tube or some other part
of the equipment. If he knows that the 10,000
volts are ready to jump on him he is as safe a
foot from the conductors as ten feet away.
The stuff will not leap at him; he has to get
within an eighth of an inch before anything
can happen. In the vast majority of cases
where men have been killed or injured it has
been
was on.because they forget that the current

Duplex

A

CUBAN

Fidelity

SHORT-WAVE

By

g equipment
modern
WITH
the radio
fan inreceivin
the United States
finds it enjoyable to sit at home of
an evening and listen to a musical program
which is reproduced practically without distortion or electrical interference. However,
the inhabitants of the tropics, and Cuba in
particular, are not accustomed to this privilege. Owing to the prevalence of extremely
strong static discharges, quality reception of
American stations in the 200 to 500 meter
wave band is a farce during most of the year.
It is only during the middle of winter — from
December 15 to February 15 — that it is
possible to derive any degree of pleasure from
s
ing in the
listening-in
United
States.to program originat
Of course, most radio fans in Cuba are able
to obtain good reception from their local
station, pwx, which is located in the middle
of the island, and they can always pick-up
the signals of 6kw without difficulty. But
these two stations do not transmit programs
of the quality which the large American chains
provide. Therefore, the only way open to the
radio fan in the tropics to receive quality
programs is to intercept the signals of the
various short-wave stations which in many
cases transmit the same program which is
sent out on broadcast wavelengths, but even
this method is not entirely satisfactory due
to the extreme fading which seems to affect
all high-frequency transmissions.
The writer has developed a duplex shortwave receiver which offers a practical solution
to theatedtropical
fan's ofproblem.
An be
abbrevischematic radio
diagram
circuit will
found
in Fig. 1 on this page, and a description of the
electrical features of the circuit is given in
this article. However, before entering into
a technical discussion, the value of the various
high-frequency signals which may be received
will be given further consideration.

Set Improves

FRANK

H.

RECEIVER

JONES

it was discovered, that fading periods differ
on different wave bands. This fact prompted
the design of the receiver described in this
article; it was thought that if the same program could be received on two different wavelengths with two different detectors, and the
outputs of the two detectors feeding into the
The unique short-wave receiving circuit described on this page will be of
interest to radio experimenters living
in the tropics where static on broadcast wavelengths is severe during most
of the year. Mr. Jones points out that
the same high-quality programs may
be received with fidelity on shortwavelengths. On these waves static is not as
noticeable and fading may be overcome
by mixing the signals of two stations
which transmit the same program. A
table on page 298 of this issue gives
the operating hours and wavelengihs of
seven high-powered short-wave broadcasters which transmit chain programs.
The hours during which two or more
stations broadcast the same program
are also indicated. — The Editor

picked-up with the other detector, and the
outputs of the two detectors, each of which
bring the same program, are mixed in the
audio amplifier. The result is a very satisfactory signal from the loud speaker.
There are several interesting features of
the system described above. First, the loudspeaker volume is doubled as the audio components of the signals of the two detectors
are added. Secondly, there is no increase in
distortion as the signal from England arrives
at practically the same time as the one from
Schenectady — the time difference is only
T§gT second and this cannot be detected by
the human ear. Thirdly, either one of two
antennas, or both, may be used to pick-up
the signals, and by switching from one to the
other, or using one antenna for one detector and
the other antenna for the other circuit, it is
possible to find a combination which provides
minimum static and interference. Of course,
the two antennas should be erected at right
angles to each other.
Explanation of Circuit

RETURNING
tor circuits it to
willthebe diagram
noticed of
thatthethedetectwo
detectors, X and Y, are isolated from each
other and from the audio unit by r.f. choke
coils and aluminum shielding. The next most
interesting feature is the cam switch which
governs the manner in which the detectors
are connected with the double primary input
transformer (Samson type Y interstage pushsame audio amplifier, the fading periods of pull) of the amplifier. With the switch in the
the two short-wave signals bearing the same
X position, only the X detector feeds its half
program would tend to cancel out, leaving a of the primary of the transformer, with the
more or less constant signal for the loud switch in the Y position, the Y detector is
connected with the other half of the primary
speaker to reproduce.
of the transformer, and with the switch in
It is interesting to note the way in which
this principle may be employed to advantage
the mid position both detector circuits feed
by the radio listener. By hstening-in on short into the double primary simultaneously.
wavelengths for an evening it will be foimd
The use of a double primary transformer is
that frequently several stations transmit the not absolutely essential to the success of the
Programs Available
same chain program simultaneously.
writer's system, but it provides most satisfacTHE writer, who is located in Tuinucu,
tory results. In place of the double-primary
For example, w2xad, on 19.56 meters, transtransformer,
it is possible to use an ordinary
Cuba, has been able to receive with satismits weaf's
program
to 5sw
where listeners.
it is re- interstage transformer
broadcast
on
25.53
meters
for
British
(not push-pull) by confactory volume the signals of seven short-wave
Therefore, the 19.56-meter signal is received
stations which transmit high-quality broadnecting the plate terminals of the two decast programs. These stations are : w2xaf,
with one detector, the 25.53-meter signal is
tector tubes to former,
the and"P"
terminal Bof supply
the trans-to
the positive
Schenectady, N. Y., on 31.48 meters;
w2xad, Schenectady, N. Y., on 19.56
the "B+" terminal of the transformer.
meters; 5sw, Chelmsford, England, on
An interstage push-pull transformer
with three primary terminals instead of
25.53 meters; w8xk, Pittsburgh, Pa., on
four
(Samson make them) may also
25.4 or 63.5 meters; cjrx, Winnepeg,
be used; in this case the plate of one
Canada, on 25.6 meters; pcjj, Eindhoven, Holland, on 31.2 meters; and
detector of
is the
connected
with one
"P"
terminal
transformer,
the plate
Columbia's
new Y.,station,
Richmond Hill, N.
on 58.5w2xe,
meters.
Of
terminal of the second detector is conthe above listed stations w8xk, w2xad,
with the other
terminal,is
and the nected
positive
of the"P"
B supply
and w2xaf usually transmit the profed to the "B-(-" terminal of the transgrams of weaf or wjz, the NBC's Red
former. However, the circuit shown
and Blue network programs, while station w2xe sends out the programs of
seems to be less susceptible to lowthe Columbia chain. So, if one can refrequency noises such as 60-cycle hum.
ceive these stations well, he is listenIt is not necessary to give specific information regarding the other details of
ing
to'
the
real
pick
of
radio
programs.
the receiver as they are more or less
A table giving the operating schedule
standard.
The
two detector circuits are
of these stations will be found on page
298 of this issue.
identical, and may be similar to those
In his endeavor to receive short-wave
used in your pet short-wave set. Following the input transformer, the a.f.
programs, the first serious problem enamplifier is standard. The writer built
countered bythe writer was that of
^""v-YDetector
"Circuit
<^A+
*Athe best possible amplifier as he wished
fading, and the periods of fading
to obtain good fidelity and this proved
were found to be much more frequent
Fig.
1
—
Circuit
diagram
of
the
author's
system
for
very much worth while.
than on the long wavelengths. Also,
duplex reception of short-wave programs
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ONE will learn, from a reading of this
article, how to operate a motion-picture
projector, and, if he did, it would be of
little avail professionally in most localities unless, at the same time, the reader in question
secured
admission
the projectionists'
union.
The purpose
of the toarticle
is the less ambitious
one of explaining the principles involved in
motion-picture projection, as part of a description ofthe most elementary sort of the
mechanism in which those principles are embodied. Agood many of the technical people
working in movie studios, especially those on
the sound end, know little about projection,
just as most of the projectionists have only
vague ideas about the camera and soundrecorder side of the business. This is unfortunate, since the studio and the theatre are
closely tied together through the film itself,
and the introduction of sound has raised the
technical requirements all around.
The operating aspects of projection are set
forth at length in several handbooks. The ones
which have been used in the preparation of
the present discussion are:
Richardson: Handbook of Projection in two volumes.
Chalmers Publishing Co., 516 Fifth Avenue, New
York, N. Y. 960 pages.
Cameron: Motion Picture Projection. Cameron Publishing Co., Manhattan Beach, N. Y. 1272 pages.

of Motion

Pictures

NO

PATH OF LIGHT
The elements of a motion-picture projection system are shown in Fig. 3. Except for the
element of motion, these are basically the same
as those of a magic lantern or stereopticon : a
source of light, a transparent picture, and a
lens system for throwing an enlarged image
of the picture on a screen. A motion-picture
projector is, in fact, simply an optical lantern
equipped with means for moving a succession
of pictures across the projected light to produce an illusion of motion.
In a theatre the source of light is generally
an arc lamp fed from a direct-current source.
Where less light is required a large incandescent lamp may be used. This is simpler and
cleaner, but the intensity of the light available
is limited. The source of light is housed in a
sheet metal box, the lamp-house, which must
be properly ventilated to carry off heat as
rapidly as possible. Normally a flue is provided to carry away the gases of the arc. In
back of the source of light there may be a reflector. The positive pole of the current supply
is connected with the upper carbon, which
may be cored. The crater of the arc thus forms
on the upper carbon. As it is necessary to keep
the arc on the optical axis of the train of lenses
following, a small motor controller is usually
installed to feed the carbons forward. The
lengthening of the arc automatically actuates
the motor through a solenoid. In an average
theatre the arc will consume about 25 amperes
at 110 volts. In very large houses 100-ampere
arcs are found. A knife switch on the projector
controls the current supply to the light.
A system of two or three large lenses concentrates the light of the arc on the film and
the objective lens on the other side which
forms the image on the screen. This may be
in the form of two lenses with their plane surfaces outward and convex surfaces facing
each other, as shown in Fig. 3. The combination isa condenser. The lens next to the source

The sound motion picture industry
is moving with such rapidity that even
those in that field — as is Mr. Dreher,
who writes regularly on the subject
for Radio Broadcast — have trouble
in keeping abreast of developments.
It is the purpose of these regular contributions tosurvey some of the highlights inthe technical branches of sound
picture work with the purpose of providing accurate technical information for
those working in the field, for practising
broadcasters whose daily work is perilously close to sound movies, and for
all others who are interested.
— The Editor

of light is called the collector; the lens nearest
the objective is called the converging lens.
The lamp-house also contains a door, usually placed in front of the condenser, which
may be used to intercept the light before it
can reach the film. Generally this is operated
manually by means of a handle. The term
"douser" applied to it is self-explanatory.
The whole lamp-house is set on the back of
the projector.
SAFETY DEVICES
The next element in the schematic arrangement of Fig. 1 is the automatic fire shutter.

The heat of the light source in a theatre
motion-picture projector is so intense that if
the film stops moving it will catch fire. The
operator may extinguish his arc in time to
avoid this, but to prevent reliance being
placed on a human element a centrifugally
operated shutter is placed ahead of the film.
At normal speeds this is kept open by the
action of a governor, but as soon as the speed
drops to a point where there is danger of
ignition the shutter drops. The speed at which
the shutter operates may be around 40 feet
per minute, the normal silent projection
speed being from 60 to 120 feet per minute,
while sound pictures run at 90 feet per minute.
The film itself passes through the projector
with sion
theside pictures
upside
downof and
the Inemultoward the
source
light.
the
standard size it is If" wide and 5 mils thick.
Both margins are perforated so that the film
may be dragged along by means of toothed
wheels called sprockets. There are 64 perforations per foot, or four to a picture on either
side, 16 pictures to the foot being standard.
The base of the film is made from cotton
soaked in a mixture of nitric and sulphuric
acids to render it soluble, forming pyroxyline
or nitro-cellulose. This is dissolved in a mixture of camphor, alcohol, and other materials,
forming a viscous "dope," which is spread
and dried on large drums with much complicated processing and finally cut up into
strips of celluloid coated on one side with the
light-sensitive emulsion of silver bromide in
gelatine. The emulsion of negative stock, used
in cameras, is more sensitive and less contrasty than that of positive slock, from which
prints are made. Sound records, incidentally,
are better made on positive stock.
The mechanism for taking the film through
the projector will be considered in more detail
later.
The light which passes through the film is
brought to a focus in the objective or projection
lens, where the rays cross so that the image
is seen on the screen right side up. The projection lens generally consists of a system of
four lenses, the two near the film forming a
duplex lens, while the other two are cemented
together to make a compound lens with the
surface of greatest convexity toward the
screen.

Fig. 1 — Schematic diagram of
mechanism
in a standard motion-picture projector with sound
adjunct
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A rotating shutter completes the assembly.
In Fig. 3 this is shown in front of the objective
lens in an edgewise view. In this form it is a
segmented disc with two or three blades to
intercept the light. Other designs are possible,
as well as other positions; the light may be
interrupted before it reaches the film, and this
has the advantage of reducing the heating of
the film. The need for a shutter arises from
the fact that the motion of the film is intermittent and it is desirable to allow the light
to reach the screen only while the film is standing still before the lens. As is well known, the
illusion of motion is secured through the
psycho-physiological phenomenon of persists
ence of vision, sixteen pictures a second, or
preferably more, blending into an optical
impression of continuous motion. But if the
light is not interrupted while the film is being
moved, white streaks will appear on the screen
owing to the sensitiveness of the eye to white
objects in motion against a dark background.
Hence a shutter is provided and timed to cut
off the light during the intervals when the

RADIO BROADCAST
successive pictures are being jerked into place.
This periodic light interrupter has an auxiliary
function, which is, by means of an added
blade or two, to break up the stationary
periods of projection and thus to eliminate
flicker. These functions will be considered
quantitatively later.
The throw or projection distance is measured,
as shown in Fig. 3, from the objective lens
to the screen, along the axis of projection,
which is a straight line passing through the
center of the photograph, the center of the
screen image, and approximately through the
center of the source of light. All the elements
of the optical train, when in proper adjustment, are centered on the axis of projection.
MECHANICAL DESIGN
Fig. 1 gives a view of the projector mechanism from the right side, where all adjustments
are made, and where the projectionist stands
during operation. The film to be projected
is placed in a length of 1000 or 2000 feet on a
reel in the upper magazine, the beginning
being on the outside of the roll, with several
feet of leader before the action of the subject
begins. The film issues through an opening or
valve in the magazine and passes through afire
trap, an arrangement of rollers to smother a
fire inside the head and prevent it from reaching the film inside the magazine.
The film is dragged out of the magazine
by the upper sprocket, which is driven through
gears on the other side of the head with uniform angular velocity. A pad roller presses
the film against the sprocket by spring action.
A short loop of film is then left, and the film
passes through the gate, which consists on one
side of a flat plate with an aperture against
which the celluloid is held in a plane so
that it is possible to get an accurate focus on
it. The standard size of the aperture through
which the light passes is, for silent film,
0.906" onbythe0.6795";
there
is a sound
track
film thewhen
picture
aperture
must
be correspondingly reduced in its long dimension. The pressure which keeps the film flat
against the aperture plate is supplied by small
metal bars called tension shoes, which are
backed by tension springs. These also exercise braking force on the moving film, of
which more will be said later. The position of
the projection lens opposite the picture aperture is clear from Fig. 1.
The intermittent sprocket controls the motion of the film just below the gate. The film
is pressed against it by means of a curved
shoe, or a pad roller may be used as in the
case of the other sprockets. The driving member of the intermittent mechanism is a circular
cam, which actuates a "star," the motion of
which is imparted to the intermittent sprocket.
The design may be such that for a 360-degree
movement of the driving member the sprocket
goes through a 90 degree arc. It moves, then,
one-quarter of the total time, corresponding
to a 3:1 time ratio of stationary to moving
time. If projection is at the rate of 90 feet per
minute, corresponding to 24 pictures per
second, the intermittent must move 24 times
per second also, and while it is moving it must
drag the film through the gate three times as
fast as the continuously moving sprockets
above and below the intermittent pass the
film along. Between the lower sprocket and
the intermittent there is a loop of film, longer
than that between the intermittent and the
upper sprocket. Through these loops the jerky
motion of the film in the gate is made independent ofthe continuous motion elsewhere.
There must be sufficient slack at these points
so that when the film is jerked down through
the gate the section between the upper
sprocket and the gate will not be pulled taut,
and, similarly, when the film is at rest in the
gate the continuous motion of the lower
sprocket must not tighten the film between
the intermittent and lower sprockets. Both
loops, while the projector is running, vibrate
at a frequency equal to the number of pic-

Working
Blade

Flicker X
Blade
REVOLVING SHUTTER
Fig. 2 — Drawing
shmvs type of
shutter used for motion-picture
projection
tures per second, owing to the periodic lengthening and shortening of the section of film in
each loop. The regular alternation of rest and
rapid movement of film in the projection
mechanism, with slower, continuous motion
above and below, is the design basis of the
commercial intermittent type of motionpicture projector.
Mention was made above of the fact that
the tension shoes in the gate exercise a braking
action on the moving film. If the braking
pressure is insufficient the film tends to '"overshoot"— itthat does
not stop,ofthat
at the instant
the motion
the is,
intermittent
sprocket ceases, but is carried on slightly by
the momentum. This defect manifests itself
by a tendency for the picture to move up on
the screen. The tension must be set so that
this will not occur at the highest speed at
which the projector is run. The effect of too
much tension, on the other hand, is rapid
wear on the intermittent mechanism, the
teeth of the intermittent sprocket, and the
film itself.
OPERATION OF SHUTTER
Now that the action of the intermittent
has been described the operation of the shutter
may be analyzed in greater detail. Fig. 2
presents a view of a segmental disc type of
rotating shutter, viewed from a point in front
of the projector. The shutter in this case has
two blades. One of these, usually slightly the
broader, is known as the working, cutting,
obscuring, main, master, or travel blade, which
has the function of intercepting the light dur-

ing the movement of the film across the picture aperture. The necessity for this has already been discussed. The second blade,
known as the intercepting or flicker blade,
interrupts the light during the rest or projection period and thus reduces or eliminates
flicker by increasing the number of pictures
per second thrown on the screen. Flicker is
the visible alternation of light and darkness.
It is visible when it is not sufficiently rapid.
Sixteen pictures per second is enough to produce an illusion of motion, but not enough
to overcome consciousness of the alternation
of light and darkness. The addition of a second
blade to the shutter increases the alternations
to 32 per second, making the flicker less annoying. Higher projection speed obviously
tends to decrease flicker by increasing the
numberdicity of
per second The
and frequency
the perioof thepictures
light fluctuation.
required for comfortable vision depends on
the brightness of the screen, which is dependent on the intensity of the light source and
the type of reflecting surface used in the
screen. With a very bright screen a threeblade shutter (two flicker blades) may be
preferable to the two-blade type. At 24 pictures per second (90 feet per minute), which
is standard for sound pictures, the three-blade
shutter gives 72 flashes of light on the screen
each second,
intervening
periods
of darkness. This is with
sufficient
to reduce
flicker
to a
negligible point under normal conditions of
bright lighting and high screen reflection.
The shutter must be timed (set in phase)
so that the obscuring blade cuts off the light
while the film is moving. This is taken care of
approximately by a preliminary setting of the
shutter so that it covers the projection lens
almost all the time that the intermittent is
moving. The residual light, called "travel
ghost,tion" andwhich
gets through
manifests
itself as under
a seriesthisof condiwhite
streaks in the picture, may be eliminated
by a secondary adjustment which is provided
on standard projectors.
It is standard practice to thread the projector in frame, that is, to insert the film so
that one of the pictures coincides exactly
with the aperture and appears in the proper
position on the screen. In some machines a
framing device is provided, consisting of a
small incandescent bulb which is lighted during the threading process so that the projectionist may view the film in the aperture
through a small door. Misframing results in
parts of two pictures appearing on the screen
at the same time, the frame line between
them being in the aperture instead of coinciding with its upper or lower edge. This may
be corrected by means of an adjustment while
the machine is running. Even if the picture
is properly framed at the beginning of the
reel, a badly made splice may throw it out
of frame.

Fig. 3 — Path of light in motion-picture projection
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general types of loud
RE rs arein two
THEspeake
use at present for radio
reproduction. These are the electromagnetic drive and electrodynamic drive
cone loud speakers. The latter is the most
recent and will be considered in the following
discussion because it gives a much wider frequency response than do other types.
The usual dynamic loud speaker consists
of a moving-coil system and some form of
magnetic field. The moving coil is attached to
a small cone which acts as a diaphragm to set
the surrounding air into motion. This coil
moves back and forth in the magnetic field
and the amplitude and frequency of motion
depends upon the audio signal currents
through the coil. The cone usually has two
supports, one near the moving coil in the form
of a fibre or aluminum spider frame, and the
other at the front edge of the cone in the form
of a thin leather ring. These two supports
allow the cone to vibrate freely in a plunger
motion back and forth.
The magnetic field generally consists of a
field winding, an iron core, and a shell-return
magnetic path. The power used by the field
varies from 2.5 up to 20 watts for different
types. Most of the magnetic field flux is used
up in the air gap across the moving coil since
this gap is fairly large. At least 0.010 inch
clearance is allowed on each side of the coil
and the coil itself is from ¥V to ^ inch thick.
The Dynamic Unit
THE dynamic loud speaker is really a
very complex machine when an attempt
is made to analyze it electrically. At first
sight, it appears that it functions in a simple
fashion, i.e., the diaphragm is actuated by
the moving coil which in turn moves in accordance with the audio-frequency currents
flowing through it. This is true within certain
limits but the question arises as to how much
distortion is introduced for currents of different frequencies.
It is assumed ordinarily that a dynamic
loud speaker is inertia controlled, that is, its
diaphragm acts as a plunger. Then, for
simple harmonic motion where the drivingforce alternates between +F and — F dynes,
the amplitude can be expressed as
_ _F_
35,000
30,000

1
1
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FREQUENCY IN CYCLES
Fig. 1 — Impedance curve of a
standard magnetic-type loud
speaker
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Resonance

FRANK

Explained

DYNAMIC

SPEAKERS

C. JONES

At the present time a good movingcoil loud speaker in a three-foot- square
bajjleboard operated from a good
amplifier provides fidelity par excellence. Mr. Jones, an independent
investigator living in California, gives
us some actual data on well-known
speakers in this article, data which
should appeal to anyone interested in
"quality."
The effecteffects
of cabinet
resonance, the directional
of dynamic
speakers, and the use of filters are discussed and illustrated graphically.
Incidentally, an article on the electrostatic loud speaker is being prepared for an early issue.
— The Editor.

Where
x = amplitude
F = force in dynes (due to current in moving coil in
magnetic
0)=2icthe times
the field
frequency
M = Mass of moving element in grams.
This equation shows that the amplitude
varies inversely as the square of the applied
audio frequency. According to Raleigh,
Theory of Sound, the power radiated from one
side of a large diaphragm is
p=>-pVScoV
and in the case of a small diaphragm
P = power in ergs
V0) =;= velocity
of sound 2(3V
2xf
P =
x = amplitude of motion
6 = solid angle of radiation
S = diaphragm area.
P = density of air
f = frequency in cycles
Ry large and small diaphragms are meant
those whose outside diameters are larger and
smaller, respectively, than the wavelengths
of sound expressed in physical measure. These
two equations show, therefore, that for a
small diaphragm, the amplitude must vary
inversely as the square of the frequency for
constant sound output. For a large diaphragm
the amplitude must vary inversely as the frequency.
For high audio frequencies, the wavelength
becomes small enough to have the equation
for the large diaphragm hold true, i.e., the
amplitude varies inversely as the first, power
of the frequency. This means that the power
output in sound will be so small at the high
frequencies that the lower frequencies will
be overemphasized. This occurs in some
models of dynamic loud speakers, and may be
made worse by cabinet resonance.
Operation at High Frequencies
are true for inertiatwo formulas
THE
controlled
diaphragms in which the whole
diaphragm moves as a unit. This actually
holds true for low frequencies with a small
cone such as is used in a dynamic loud speaker.
The cone shape gives the diaphragm very
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good rigidity. However, for higher frequencies,
this does not hold true since the apex vibrates
separately and flexural waves are radiated
out to the edge of the cone. This is liable to
cause standing waves along the diaphragm
for the higher frequencies due to reflected
waves from the edge of the cone. This occurs
at certain frequencies and is quite apparent
in the response curves for some loud speakers.
Recause at high frequencies the loud speaker
cannot be considered as inertia controlled
there usually results a large increase of sound
output for the higher frequencies. The combination ofthe two effects, inertia control and
wave-motion control, generally causes a peak
at about 3000 cycles per second for most commercial forms of these loud speakers. Reyond
that point the plunger action or inertia control
output drops off so rapidly that it is negligible
and practically all of the sound output comes
from the wave-motion action.
The motional resistance and impedance
curves of the action of the moving coil and
diaphragm also show that the output would
be very small for the higher frequencies if it
were not for this wave-motion action. Fig. 3
shows some impedance curves of two varieties
of dynamic loud speakers. In both cases the
moving coil has an appreciable inductance so
its reactance increases rapidly for the higher
frequencies. This reactive component is of
very little use and serves to give a poor impedance match to the power tube. An example
of the impedance of a magnetic type of loud
speaker is shown in Fig. 1.
Motional Resistance Measurements

consist theoretishould
THE moving
and the
resistance,
a pure
cally only of coil
motional resistance portion of this would represent the useful part towards work done.
This motional resistance is due to the acoustical load on the diaphragm and so is related to
the useftd sound output. It is possible to measure the motional resistance for all frequencies
by means of an impedance bridge. First a
resistance curve is taken with the cone free to
vibrate and moving with an amplitude about
equal to that obtained for normal sound output. Then the cone must be blocked securely,
a very difficult job to do completely, and a
second resistance curve made. The difference
of values of these two curves gives a third
curve of the motional resistance. These curves
are interesting because they indicate the load
L

(A)

Fig. 2 — Two types
of
filter circuits
(equalizers)
used
in
connection
with dynamic
loud speakers to
produce
a cut-off
above 5000
cycles
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weight of the system
of course, much greater than in a bare room.
Therefore, the reverberation is less, that is,
are changed. Heavier
the
echo effect is small and so a note or tone of
paper causes an energy
50
loss due to the added
any frequency dies out more rapidly. The
weight. It also affects definition of music is also much clearer in
*
the higher frequency
such a room, and within certain limits, much
40
A
due to increase of stiff- more pleasant.
/
ness.
The
size
of
the
Another effect of excessive reverberation is
■RCA 104 /'
1
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cone also affects the fre- the creation of standing waves of sound. In
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quency response due this case the reflected waves are of sufficient
/
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to the ance
acoustic
impedof proper phase for some fre\
which the
air amplitude, ciand
20
es, to cause points of maximum and
R
offers. Another effect minimum quensound.
This is easily noticed on
is the directional
organ music which is generally sustained long
10
xt
properties at high enough to allow a person to move a few
frequencies due to the inches or a few feet during some particular
7
megaphone
effectconeof note. The presence of maximum and minimum
the cone. The
oo
areas of sound for some frequencies is quite
o
shaped diaphragm is pronounced in many rooms.
not ideal but its adReasons for Baffle
FREQUENCY IN CYCLFS
vantages overshadow
its shortcomings in
Fig. 3— Impedance curves of two
present-day design.
ADYNAMIC loud speaker with its small
popular dynamic loud speakers.
That it is possible
diaphragm will not produce tones of low
to overcome the usual frequencies unless a baffle of some sort is
peak at about 3000 to 4000 cycles by proper
impedance which is offered to the power tube.
provided. The baffle should provide a path
Some dynamic loud speakers have a large design was shown in a test on a new model
through the air such that the shortest distance
Jensen speaker. This curve is shown and from one side of the cone to the other is at
motional reactance which becomes negative
as can be seen the shift from plunger action to least one quarter the wavelength of the
for some low frequencies with an abrupt
peak at the natural resonant period of wave motion is gradual enough so that the lowest frequency desired. This does not prethe moving coil and cone system. Usually this response is nearly uniform. This was done by
vent interference of the two sources of sound
occurs at such a low frequency, from 20 to 70 using a larger cone diaphragm which changes
waves at the edges and near the baffle but it
cycles, per second, that it is not noticeable on the weight and stiffness. Using a larger does stop the air circulation sufficiently to
radio reproduction.
diaphragm means a good low-frequency re- allow the loud speaker to reproduce the low
sponse since for the same amplitude of motion
tones. Considering the velocity of sound in air
there
is of course a much greater amount of to be about 1100 feet per second, a baffle for
Filter Systems
air set in motion. Conversely, for the same
tones as low as 75 cycles per second can be
PRESENT-DAY models of dynamic loud sound output the larger diaphragm does not calculated easily.
speakers usually have some form of filter have to move as far, which simplifies con1100
struction somewhat.
or equalizer as an integral part of them. The
3§ feet = diameter of baffle
75
For low frequencies, 30 to 100 cycles per
impedance of the moving coil is quite low,
from 4 to 12 ohms for low frequencies, so a second, the amplitude of motion for good
This, of course, can be in the form of a
sound output is quite great. A motion of J square 3f feet on a side. Thus to reproduce
step-down transformer is used to obtain better
undistorted power output from the power
to | inch is not uncommon. Such great motion
actually a tone of 30 cycles a baffle 9 feet
tube. In all cases the filter is connected across
causes crystallization of the rear spider supsquare would be necessary. The wall or ceiling
port with breakage of these springs in time.
the primary or high-impedance side of the
of the room may be used for the purpose
transformer. These filters or equalizers cut With the larger diaphragm the motion is much
when such a baffle is desired.
off above certain frequencies or cause a power
less
sened.so the tendency to break is greatly les- baffle
If frequencies
belowonthethe"cut-off"
of the
loss at some frequencies.
are impressed
loud speaker,
The most general type of filter consists of a
the resulting tone is made up mostly of higher
harmonics. Tests by ear apparently show
simple
sectioncondensers
filter consisting
of twoto
Baffles for the Dynamic
0.01- to"Pi"
0.02-mfd.
and a 100quite a bit of the fundamental tone but this is
nearly all due to the modulating property of
200-millihenry inductance as shown in Fig. 2a.
THE
subject
of
baffles
is
difficult
to
handle
This form of filter cuts off the frequencies
since it must consider the effect of cabinet
the human ear, since it combines the harabove its natural resonant frequency and has
monics in a manner similar to the first detecresonances, circulating air currents, standingpractically no effect on the lower frequencies.
wave effects, and acoustics of rooms.
tor or "mixer" tube in a super-heterodyne
It is called a low-pass filter because it cuts off
receiver. For example, if the ear hears two
A source of sound emits waves of a spherical
above about 4000 cycles per second. Contrary
or hemispherical shape and these vibrations of tones one of 120 and one of 180 cycles, there is
to manufacturers' statements, these do not
apparently a strong 60-cycle tone present,
air travel out to all parts of the room. Recut-off at about 5000 cycles, but all makes
which, of course, is not apparent to electrical
flection and resonant effects take place,
tested began to cut-off at about 3500 cycles.
recording systems. Fortunately very little
though generally the reflection properties
A 4000-cycle cut-off is very difficult to notice are of major importance. The sound waves
music is transmitted below 80 to 100 cycles
as far as speech is concerned but some of the are reflected more or less from anything which
per second so a baffle of 3 feet effective length
brilliance is lost, especially for music.
is sufficient for present-day needs.
they strike. If the walls and floor have
When a flat baffle is used there are no
Another form of filter or equalizer (dia- drapes and rugs, the amount of absorption is,
gram b of Fig. 2) consists of a resistance,
inductance and capacitance in series con12.0 mfd
nected across the primary of the step-down
1.0 mfd.
High Mu
transformer. At the resonant frequency of this
High Mu
circuit the attenuation is greatest. By proportionating the values in this equalizer the
"dip"
may tobe remove
made sharp
or broadpeakandindeep
or
shallow
a resonant
the
loud speaker output. This form of equalizer
may be used to remove the peak mentioned
before where the wave motion and plunger
motion combine to cause an increased sound
output. This peak and its removal by the
last named method is shown in response
curve a of Fig. 5.
The series-resonant filter is used in the
Jensen
loud speaker
whileMagnavox,
the "Pi"
filter isdynamic
used generally
on the
Rola, and other popular makes of dynamic
loud speakers.
By properly designing the shape and weight
of the moving system it should be possible to
eliminate equalizers and filters. A shallow
+ 130 * +150 6
cone,
an opening
90°, will
cause with
the wave
motion greater
to becomethaneffective
at
Fig. 4 — The circuit used by the tcriter for measuring
a lower frequency unless the stillness and
the characteristics of dynamic-type loud speakers,
march, 1929
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resonant effects but as soon as the sides are
bent around, as in a cabinet, bad resonance
occurs. Part of this resonance is due to the
sides vibrating and part due to the natural
period of the cavity. Making the cabinet of
heavy wood helps reduce the resonating effect
due to the sides vibrating. That this effect of
cabinet resonance is very bad can be shown
experimentally. The effect on music and
speech is to change the quality greatly. It
becomes booming in nature because the resonance is generally at low frequencies, and,
in addition, the air chamber attenuates the
high frequencies.

flecting surfaces since either the loud speaker
or the "mike" had to be moved for the
different runs. Even with these effects it is
quite evident that cabinet resonance is pronounced as shown in curve b of Fig. 5. A
larger cabinet generally has a lower resonant
period, but because of audio amplifier deficiencies, itmay not be very noticeable.
Padding the inside of the cabinet with felt
does not help much since felt is not an efficient
absorbing material for low frequencies. Therefore, felt padding may attenuate the high
frequencies more and tend to make the quality
even more drummy in character. Felt padding
helps occasionally in damping the sides to
prevent vibration. Lining the cabinets with
acoustic celotex or some such material should
help greatly. Mounting the entire loud
speaker unit in thick felt seems to remove
the cabinet resonance but this cuts down the
sound output nearly half. Only the front can
emit sound in this case so a larger power tube
is necessary to prevent overloading in the
audio amplifier for the same sound output.

Response Measurements
MEASUREMENTS were made by means
of a W. E. 387w transmitter and calibrated amplifiers over the audio-frequency
band in an effort to learn something about
cabinet resonance. The circuit arrangement
used is shown in Fig. 4 in which a special
beat-frequency audio oscillator was used as a
source of sound. This audio oscillator had
a range of from less than 30 cycles up to
about 15,000 cycles and was, of course, continuously variable. Particular care was taken
to minimize standing waves of sound in the
room. The most practical method is to have
the "mike" less than a foot from the loud
speaker so that the direct sound wave is much
stronger than the reflected waves.
Numerous response curves were run with
the "mike" in different locations. Some
trouble was had from room resonance and reVertical Divisions = 5 DB
Heavj Lines = 0 I
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Effect of Small Cabinets
THE harmful effect of small cabinets on
the higher frequencies is shown vividly
in the curves c of Fig. 5. The solid curve was
taken with the microphone about 15 centimeters in front of the loud speaker, the dotted
curve was taken with the microphone at the
same distance to the rear and the dot-dash
curve was made with the microphone on one
side. The dot-dash curve shows the effect of

cabinet resonance since the "mike" was near
one of the vibrating surfaces. The sudden
drop at low frequencies is probably due to
interference of sound waves emitted from the
back and front of the loud speaker.
The dotted curve d of Fig. 5 shows the effects of cabinet resonance and the attenuation of the high frequencies. Evidently the
cabinet cavity acts like a condenser in absorbing more energy on the higher frequencies. It
is like a horn loud speaker in which there is a
large air cavity between the diaphragm and
the throat of the horn. It is quite a wellknown fact that such a cavity attenuates the
high frequencies greatly. If the air chamber or
cavity is large enough with respect to the
diaphragm, such as with a console cabinet,
this attenuation of the high frequencies is
of much less importance. If a small cabinet
must be used, drilling a few large holes in the
sides should help reduce both cabinet resonance and high-frequency attenuation. These
holes would prevent the small cabinet from
acting as a horn, but the effective baffle size
would be diminished somewhat so the very
low notes would be down a little in level.
Large cabinets such as those used to completely house the radio receiver may reduce
the resonance to a minimum by using a
screen back for the cabinet and by not having
any shelves inside of the cabinet. The use of a
couple of strips of acoustic material, such as
type BB Celotex, fastened to the sides or
sides and top inside of the cabinet should
make this form of cabinet practically as good
as a flat baffle.
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Fig. 5 — Response curves of several dynamic-type loud speakers measured under different conditions. Curve A, Jensen loud
speaker; curve B, Jensen loud speaker with different baffles {measured five feet in front of loud speaker); curves C, dynamic
loud speaker in a small cabinet; curve D, small-cabinet-type dynamic loud speaker; curve E, Magnavox dynamic loud
speaker; curve F, Jensen loud speaker with large cone and no filter or equalizer.
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SERVICEMAN'S

~T~\\DIO Interference from House Plumbing:
/| Two extraordinary but similar cases of
radio interference have come to my attention. Although both conditions arose in the
operation of short-wave receivers, the trouble
may be affecting ordinary receivers, and telling of the experiences here may enable others
to clear up an obscure source of trouble.
In the first instance, a microphonic trouble
developed in the receiver. The noise was
terrible. The effect was suggestive of a loose
connection. Sometimes a violent rapping on
the set produced little effect, while placing an
object on a distant table produced an explosion. Every connection from antenna to
ground on a cold-water pipe was thoroughly
overhauled. The trouble would reappear after
each discovery and removal of its supposed
cause. Matters reached a desperate state. As a
final test, the set was put in operation and a
40-foot extension cord attached to the head
set. The set was in the dining room and the
floors of the dining room and kitchen were
explored by rapping with a stick from point
to point, like a blind man and the resulting
static was carefully studied. A lone point on
the floor, remote from the set, was found to be
the most "sensitive." The extension was then
carried through the floor to the cellar and
the exploring transferred to the pipes hung
from the floor overhead. Some were quite
sensitive but they were not coupled with the
ground connection.
The trouble was quite by chance traced to
the metal stopper of a laundry tub. This stopper fitted loosely in the drain outlet and was
attached by a brass chain to the cold water
faucet. This proved to be a most sensitive
microphone affected by vibrations conveyed
to it from pipes hung overhead. It acted as a
variable short circuit in the pipe ground system, changing the electrical constants of the
system. Pulling out the plug and hanging it
over
the side entirely cleared this vexing interference.
Later an annoying but less overwhelming
noise was traced to a variable
contact between two pipes in the
cellar that crossed each other. A
little wedge of wood placed between them remedied this trouble.
Probably many similar cases of
interference exist which have not
been traced down. This is particularly likely to be true of those
who are now acquiring short-wave
receivers. If trouble from loose
connections cannot be found in
wires in the attic, it is time to
be suspicious of pipes in the
cellar!
— C. A. Briggs,
Washington, D. C.
A simple method of determining if a noisy receiver is suffering
from the trouble described by Mr.
Briggs is to run fifty feet of wire
almost anywhere, and use this as
a counterpoise in place of the
ground. Also, a simple cure might
be a permanent counterpoise or
six feet of iron pipe driven into
the earth.

CORNER
No mistake can be made aoout the 280 or the
y-227,
especially since the latter has five
With this issue of Radio Broadprongs.
The
set in question required four 226's,
Serviceman's
Corner"
one 227, two 171's and one 280. Putting a 226
stretchescast, "The
into its
natural stride.
The
in a 171 socket won't do the 226 any good. I
took a 171 and put it into the first socket next
purpose of this department is to pubto the 227. I was sure about the location of
lish everything and anything of genuine
interest to the radio serviceman that
the 227. Not seeing the filament light, I assumed itto be a 226 socket. In this way, by
can he briefly and thoroughly covered.
trying all the other sockets, I found which
Subjects justifying longer treatment
were the 226 sockets and which the 171.
will be covered in complete articles elseFred Berkley, Astoria, Long Island.
where in Radio Broadcast. Contributions, payable at our usual rate, will
be welcome from engineers, manuPolarity Incorrectly Stamped: I just serviced
a Radiola No. 20. The owner of this set was
facturers, servicemen, and dealers who
have been intimately associated with
using a 22.5-volt B battery as a C battery,
connected correctly. I tested the set as usual.
any of these problems.
It
would receive only locals, and these not at
It is requested that the contributor
all well. Closer inspection, with a voltmeter,
write us on his professional stationery,
showed that the C battery was incorrectly
enclosing with his letter copies of his
stamped, the stamping being reversed for
business cards and business literature
positive and negative. This is the second time
in my eight years of servicing sets that this
— The Editor.
if any.
same thing has come to my attention.
George A. Hartmann, Howell, Indiana.

Servicing Magnavox Receivers: William K.
Aughenbaugh, of Altoona, Pa., has run across
several Magnavox receivers that would not
function when the original tubes were replaced with R. C. A. or Cunningham tubes.
The difficulty, he points out, can be remedied
by short circuiting the coil of wire that will
be found under the cardboard at the bottom
of the set — near the front panel. Also the pin
on the volume-control rheostat should be removed or bent so that the rheostat can be
adjusted to the full " on " position if necessary.
Finding tube-locations: I was recently called
on to install a new a.c. set. Not finding any
installation instructions or data on proper
location of tubes, I hit upon a useful method of
locating the proper socket for the proper tube.

Terminal reversal has also happened within
the experience of the editor. A check of the
socket and tube connections with the usual
plug-in testing outfit would show this up as a
very high plate current through the tube
having the reversed grid bias.

Servicing Cheap Receivers: L. R. Arnold, of
the Bichards Badio Company, Providence,
R. I. comments on the difficulties of servicing
inexpensive receivers. These are often characterized byfairly good reception on local stations, but are insensitive to distant stations
and stations covered by the upper section of
the tuning dial.
These receivers can often be improved, as
far as sensitivity is concerned, by running all
r.f. tubes, with the exception of the first, from
135 volts through a bypassed variable resistor,
using the additional knob as a
sensitivity and volume control.
A Portable Receiver To Check
General Conditions: The Kolster
Radio Company provides its
dealers with a portable demonstration set possessing several
points of interest that recommend similar outfits for the serviceman. Thecompleteapparatus
is pictured in Fig. 1, and consists
of two carrying cases, one holding
the receiver, tubes and power
supply, and the other the loud
speaker. A portable receiver of
somewhat similar design is of
inestimable value to the serviceman in solving the more general
problems of poor reception. The
inability of a receiver being serviced to receive certain stations
can be checked against a standard receiver, the characteristics
of which are well known to the
serviceman, to determine whether
Fig. 1 — Portable radio receiving apparatus that sugit is the location or the receiver
gests a useful adjunct to the serviceman s equipthat is at fault.
ment for determining general receiving conditions
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An outfit of this sort proved itself worth
while to the department editor in the case of
a batteryless installation in a d.e. district of
New York City. \oi>> reception in this
i articular apartment removed radio from the
entertainment class. However, by using a
portable receiver, operating entirely from
independent battery sources, it was easily
ascertained thai the pickup was conductive
through the lines. The receiver was rewired for
battery reception (a desperate remedy) and
has been giving satisfactory service ever since.
An Unusual Problem: The following incident came to my attention while servicing an
Atwater-kent battery receiver equipped with
an V -power unit, and perhaps a little information about it might help a brother service man.
The set was playing along nicely when I
arrived, but a moment later the thing stopped
dead. After about 30 seconds the set gradually
began to play and soon was up to its full
\ olume. As nothing like this had happened before installing the power unit, of course, this
wras blamed. A careful check of both the A- and
B-power unit circuits failed to reveal anything. A wire from the power rheostat in the
A-power circuit seemed to be a little loose, but
installing
the trouble.a new power rheostat didn't remedy
By carefully questioning the owner of the
set 1 discovered that some time before a verysimilar trouble had developed in the set when
it was operating from batteries. The music
had
diedworking
down but
and by
the hadn't
filamentstopped
switch entirely
the full
volume of the set could be brought back. This
led to the inspection of the filament switch.
Sure enough there was the trouble. This is
how I doped it out The filament switch with
a slight jar or other disturbance would cause
a poor connection in the filament circuit.
This, in turn, would cause the voltage in the
A-power unit to rise due to the reduced load.
The condenser in this particular unit (a Hartford with an electrolytic condenser and Tungar full-wave rectifierl would blow as soon as
8 volts or more was pushed into it. It took
the condenser perhaps three seconds to heal
and the remainder of the thirty seconds to
charge up again. After repairing the switch
this trouble disappeared entirely.
Alton R. Bow ex. Pleasant ville. N. J.
All In a which
Day's Work:
Heremore
are two
problems
I solved
or difficult
less by
chance. The trouble was similar in each case
and may aid in solving related troubles found
by brother servicemen.
The first, a Freed Eisemann model 57. had
been working very satisfactorily. One day on
turning it on it was found to have lost its
volume even on local stations. On checking it
with an analyzer, the amplifier and power
potentials were found to be considerably less
than normal. In checking the power pack I
found it o. k. I turned the set upside down
and turned it on and noticed a minute curl of
smoke as I pulled the wire running from the
plate of the power tube to the jack. On closer
inspection. I foimd the insulation of this wire
was leaking and. as it was cabled with a
ground wire, it practically caused a short
circuit. When these wires were separated and
the plate wire replaced (as it was burned
badly')
the setwasacted
normally
The other
a Fada
batteryagain.
model which
had lost its pick-up and even locals timed
broadly with no great kick. This set checked
perfect. When I had it out. however. I noticed
that where two wires went through the metal
parts of the frame circles of corrosion had
formed. By replacing these wires with new
insulation where possible and by entire new
wires in places where this was impossible,
and rebalancing the set. normal reception was
obtained.
In both these cases the wire involved was
covered with a material similar to black cotton
and impregnated with wax. It is not so good!
George YV. Brown. South Boston. Mass.

The D. C. Problem: Supplementing your
editor's remarks about the portable receiver
and artificial "static" in d.c. districts. Arthur
R, Gerling, of Kellogg and Bertine, New York,
writes:
During my eight years of selling and servicing radio receivers in the wealthiest d.c. district in the United States, I have acquired a
knowledge of what the elite want in the way
of radio entertainment and reception, and also

io Sej'vice
For^ad
Particular People
%
Now is a good time to have the Radio
looked over, tested, and put into first-class
condition.
A radio receiver is a very delicate piece
of apparatus and no matter how well constructed should have attention from time to
time to maintain it in order for best results.
Often a little work of this kind will make
a marked improvement in quality of reception.
Batteries, Eliminators, Tubes, Aerial
should all be in proper order.
We are technically trained for this
work, have the most modern tools, testing
outfits, and appliances for performing this
work in a workmanlike manner, at reasonable prices. A postcard or telephone
call will receive prompt attention.
Endorsed by
National Radio Institute,
Washington, D. C.
William V. Lowe
Bos No. 387
Tel. 352 7-M
Fitchbur'g, Mass.
Fig. 2 — .4 neat specimen of radio
service-sales literature that brings
returns for William V. Lone, of
Fitchburg, Mass.
the bug-a-boos that sometimes prevent us
from giving them just what they want.
These folks whom I have chosen to call the
elite would be quite satisfied — for the most
part — with just the same kind of reception
that their chauffeurs get out in the Bronx
(where a.c. current is supplied). In many
cases even this is denied them — why? First,
because they are burdened with d.c. current
with its many disadvantages known to all
sen icemen. Second, the management of the
apartment houses in which they dwell often
have stringent rules regarding the erection of
antennas, and usually forbid them entirely —
quite a reasonable attitude. Tliird. the numerous d.c. motors always found in large apartments— elevators, refrigerators, exhaust fans,
water pumps with their armatures spitting
fire and interference with every revolution.
These are a few of the things that the ser\i ceman has to think about when installing the
present-day d.c. set, plus the natural loathing
of the "madame" to have wires stretched
here and yon about her drawing room, boudoir
— or what have you.
The several sets now being put out by leading manufacturers are successful in only a
comparatively small percentage of cases, and
these very often because of the industry of the
serviceman making the installation as regards
filtering motors — known to interfere — putting
filter antennas,
banks in etc.
the d.c. fine — experimenting
with
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Is the manufacturer really interested in
helping to solve this d.c. problem by putting
out a set that will cut down d.c. interference to
a minimum, or must the serviceman continue
to rub along as best he can under the circumstances?
My answer to the d.c. question is: A superheterodyne using a loop — disappearing when
not in use — 201.\-type tubes — d.c. operated —
console cabinet with a self-contained dvnaniic
loud speaker. Price range $350.00 to $500.00.
\\ hat is your answer? Solve it and the residents along Park Avenue will forever be in
your
debt.
the way,
was[Byexactly
this].the portable used by the editor
Neal Connections with Bell Wire: It is
possible to use ordinary bell or annunciator
wire for hook-up and for external wiring purposes without having the work marred, as far
as Ifappearance
is concerned,
frayed asends.
first the outer
cover is by
unwound
far
back as desired, then the inner covering, which
is wound in the opposite direction, is unwound
to the same point, and the two loose ends tied
together and clipped short, there will never be
any ragged ends J.hanging
loose.Dallas, Texas.
H. Bond,
Testing Audio-Frequency Transformers:
When going on service jobs I always carry a
carbon microphone button with me, which can
be shunted across the primary of the first
audio transformer in series with a six-volt
battery. If. on speaking into' it. the voice
comes through well, the audio channel can be
eliminated as the source of trouble.
Bernard J. Cannon, Pittsburgh. Pa.
[Another simple way of accomplishing the
same test is to connect a loud speaker across
the grid leak of the detector tube, and speak
against the diaphragm. The unit from an old
horn-type loud speaker may be included conveniently inthe service kit for this purpose.
It is, as Mr. Cannon suggests, the simplest
test for the audio channel — Editor}.
Defective Transformers: The usual tests for
an open primary will not locate a microphonic
transformer winding, which is the cause of a
great deal of trouble down here in Florida. I
have run across several cases of transformer
trouble that tested o.k. with a battery and
milliammeter, but were defective in operation,
due, probably, to the dampness of climate.
When suspecting trouble of this nature. I connect a4.5-volt C battery across the primary
of the transformer and a pair of telephone
receivers across the secondary. A defective
primary will generally show up. as a loud
scratching, after a few seconds. The effect, of
course, is stepped up by the transformer.
C. Washburn, Jr. Jacksonville, Fla.
Noise in the volume control: Here is a suggestion for remedying a difficulty which has
turned up in some instances. If a set had not
been used for some time and the weather has
been damp, slight oxidation may occur at the
point of the volume-control contacts. A condition of this kind, will cause some noise when
the volume control is adjusted. Fada Sales
points out that, although such a condition
may not always be apparent, it is easily fixed
by moving the contact arm back and forth
until the slight oxide coating has worn away.
Watch for bad contacts: Two simple
sources of improper contact which may cause
trouble are worth mentioning. Receivers
equipped with loop antennas connecting to
the receiver through a plug and jack arrangement may develop noise due to dirty contacts.
This trouble is quickly stopped by rubbing the
plug with a bit of fine sandpaper. Contact
prongs in the house-lighting plug circuit connecting the receiver to a convenience outlet
may become slightly bent so that the contact
in the outlet is not tight. Noise resulting from

RADIO BROADCAST
this cause is removed by bending the prongs to
assure a tight contact.
The Case of the Broken Vase: " A telephoned
service call" writes D. F. Greer, Coatesville,
Pennsylvania, "informed me that while the
set tuned properly, it lacked volume. I assumed that it was probably a case of poor
tubes, open transformer, or similar ailment.
On testing the set, antenna and ground were
o.k. and routine tests showed no opens, no
shorts, tubes good, plate and filament voltages
correct, proper C voltages, and still the set
did
not deliver
A newI was
speaker
substituted
witha "kick."
no change.
on was
the
point of removing the set to my shop for a
bench test when I accidentally discovered the
difficulty. In testing the B power unit, I had
clipped the negative lead of the meter on the
negative post and the positive lead at the time
lay in my left hand. I gazed disgustedly at the
set and toyed abstractedly with the extension
cord of the loud speaker. There was a deflection in the voltmeter (the cord had been tested
for continuity), and at the same time a
tingling sensation in my hand. Then the truth
dawned. The loud speaker was being shunted
by moisture in the cord. I could not understand what caused the dampness until one of
the maids confessed she had knocked over a
vase containing cut flowers and the water had
seeped into the cord. This experience illustrated to me the value of a high-resistance
voltmeter.
Antenna-Ground, connections: While there
are several devices made for the purpose of
bringing the antenna and ground wires into
the house, the use of an ordinary convenience
receptacle makes a neat job and one which is
uniform with other receptacles and wiring in
the house. I have found that the owners of
higher-priced sets prefer this manner of entrance rather than the use of window strips
and manufactured receptacles. A porcelain
tube is used through the brickwork to insulate the antenna lead-in. The wires are then
pulled through the knock-out in the rear of the
receptacle and the ends clamped under the
screws inside the box. A length of doubleconductor and receptacle plug then connects
the set to the outlet. Be sure to cut the hole
in the baseboard to fit the box and not the outlet plate. Fig. 4 shows this method.
— D. L. Love, Greensboro, N. C.
Items of Interest
CONTRIBUTIONS
on the routine of
servicing, the general equipment, and
tools employed are piling in on the service
Brick _
Veneer

.Plastered Wall
Radio Set,

Fig. 4 — A neat method for bringing
antenna and ground wires in the
house

editor's
in response
to ourwerecent
requestto
for
such desk
material.
Just what
are going
do with this — outside of the fact that // will
be
used — we
It is possible
that and
the
material
willdon't
proveknow.
of sufficient
interest
length to justify a separate article — or perhaps we shall make a symposium of the various contributions — or, again perhaps, we
shall pick the best points of all contributions
and give them to you as a digest.
At any rate we are still open for suggestions
on the routine of servicing and the simplest,
yet complete, equipment with which to do it.
FRANCIS H. ENGEL, Radiotron Engine r,
with the R. C. A., sends along the following
suggestions in reference to tests on rectifiers
and power tubes suspected of suffering from
old age:
(1) The loss of emission in a rectifier tube
(which is the usual cause of failure) is quite
often accompanied by an increase in alternating-current huni- The most practical and
simplest method of determining whether or
not the rectifier tube is defective is to remove
the tube in question and substitute in its
place a new tube of known good quality.
(2) The average life of the 281-type rectifier is greatly in excess of 1000 hours when
operated under maximum rated conditions.
Individual tubes may fall short of this figure
but the large majority of them will exceed it.
(3) Regarding a test for defective output
tubes the same scheme as outlined above for
the rectifier tube would seem best.

Many servicemen have written us asking for
suggeslionsas to thebest book available on the
background
of radio each
theory.
We don't
any
such book because
inquirer
wantsknowa book
with some special emphasis to suit his particular needs. Most of our correspondents want
a book on radio circuits, particularly dealing
with receiving circuits, which does not devole
major attention to the general theory of electrical
circuits. There is such a book, indeed there are
several. How Radio Receivers Work, by Walter
Van B. Roberts and published by Radio
Broadcast, Garden City, N. Y. at $1 net
contains precisely the simple, clear analysis
that is so welcome when it is found. Other useful
books are listed on page 295 of this issue.

(4) Another test which a serviceman should
make when looking for trouble in the rectifier
unit of a receiving set is to test for d.c. voltage
across the output terminals of the filter and
voltage divider. Knowing, from experience,
the normal value he can readily tell by his
meter reading whether or not the rectifier tube
is performing satisfactorily.
Literature That Sells Service: The radio
service business, for the greater part, concerns
a commodity that sells itself. When a radio
set actually goes wrong, the average person
turns to the serviceman and it requires no
salesmanship to convince him that his set
needs repairing. But sales literature — circulars
and cards describing the advantages of some
particular serviceman or company — can go a
long way toward building up a profitable
service business.
Such literature acts in several ways. It reminds the radio owner that it is foolish to
wait until his set actually goes bad, — until he
misses entertaining programs — before calling
in the serviceman. It also impresses on his
mind the name and address of a reliable
serviceman available in case of trouble. Thirdly
it may call his attention to subtle difficulties
existing in his set of which he was only vaguely
aware.
Fig. 2 shows a card circulated by William
V. Lowe, Certified Radiotrician, of Fitchburg,
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Fig. 3 — A simple antenna clamp
which is easy to install.
Mass., that gives a good idea of what can be
done in the way of progressive servicing.
The possibilities of drumming up trade in
this manner are enormous. Special circulars
could be prepared, prior to important broadcasts, suggesting the inspection services of an
expert at a special price. The average set
owner should be educated into having his
equipment
at intelligent
regulate intervals
—
in
the same examined
way that the
man goes
to his dentist. Stock circulars can be prepared
for distribution in the late summer suggesting
that now is the time to have receivers gone
over thoroughly in preparation for the coming
radio season.
Good radio service sales literature might
turn the summertime into a profitable radio
season.
"The Serviceman's Corner" is particularly
interested in circulars, letterhead and cards of
this nature, and will pay a special price for
those reproduced.
Arthur Rogers, New York City serviceman,
has been building up sales on electric phonopick-ups by following
up his
old customers. graph
He circularizes
the owners
of receivers
he
made several years back, adding to this list
all recent service jobs on old equipment. He
suggests modernizing these receivers by the
installation of power amplifier apparatus and
new speakers. The phonograph pickup naturally follows.
"The
sales
tips.Serviceman's Corner" pays for live
What should the serviceman charge? What
is an equitable price for an inspection? — for an
hour's work? How should the serviceman
figure his charges? Should the profit on parts
lessen his charges for time? "The Serviceman's Corner" will welcome an exchange of
ideas on this subject.
tf]f An
antenna
clampneater
whichthanmakes
installation
quick,
and much
is often
possible
has been brought out by the F. G. Manufacturing Company. 1117 Peoples Bank Building,
Indianapolis,
Indiana.
This
requires no nails or braces
to affix
it toclamp
the root,
or chimney. A sample has been examined in
the Laboratory and found very satisfactory.
The picture, Fig. 3, shows how the device
looks.
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By C. T. BURKE
Engineering Department, General Radio Company
T T IS recorded that a lecturer on sanitation,
(generator) impedance and the load impedance are equal. This is a universal ride applying
I speaking in a portion of the country which
JL shall from motives of policy, be nameless,
to batteries, rotary generators, and converters, as well as to vacuum tubes.
upon reaching the inevitable question period
was somewhat taken aback by the query
"What's sanitation?" Lest the writer find
himself in a similar predicament he hastens
We are pleased to present this article
to define impedance, which he is going to endeavor to explain briefly in this article. The
by Mr. Burke in which he endeavors to
first part of this article is devoted to the
clear up some misconceptions regarding
general subject of impedance and the latter
impedance, especially as it affects the
part of the article to its application to audio
operation of audio transformers. Imtransformers.
pedance isa characteristic possessed by
Impedance is that quality in an electrical
every unit used in a receiver and few
circuit which impedes or limits the flow of
things in radio are more important
current, and determines the value of the
than a clear understanding of what imcurrent that flows when a given pressure (voltage) is applied against the obstruction. It
pedance isand how it affects the opershould not be necessary to point out that, if we
ation ofvarious devices.
— The Editor.
are connecting an electrically operated device
in a circuit, the impedance of the device is of
the utmost importance, since it regulates the
amount of current which is delivered to it
from the source. A device of very great imConditions in Tube Circuits
pedance approaches an open circuit in effect,
that is, little current flows from the generator
TN COMMUNICATION circuits, the imto the load. On the other hand, if a short cirA pedance of the circuit elements is often
cuit (very low impedance) is placed across the
necessarily high, so that the current flow even
generator, all the available voltage will be under short circuit will not cause damage.
used up in forcing the large current through
Under these circumstances, with vacuum tubes
the internal impedance of the generator.
it is possible to realize the theoretical maxiThe power supplied to the load depends
mum output of the device, obtained when the
neither on current nor voltage alone; it is proload impedance equals the generator impedportional tothe product of current and voltance, andpedances
the so-called
"matching"
age, that is, power equals volts times amperes.
becomes important.
That ofis,imin
Fig. 3 shows the variation of current, voltage,
connecting two circuits or devices together,
and power for a source of 5000 ohms impedit becomes important to have the impedance
ance (for example, a tube with a plate imof the circuit in which the power originates
pedance of5000 ohms, such as a 210 or 112a)
(the source) equal to the impedance of the
and generating
as the
impedload (or "sink"). For a concrete example,
ance is varied. 100
The volts,
current
is atload
maximum
a power tube of 5000 ohms impedance will
when the output or load resistance is zero
deliver maximum power to a load of 5000
under which conditions the current is equal
ohms impedance,
to the voltage, 100, divided by 5000 ohms
The importance of exact matching of imwhich gives 20 milliamperes. The voltage availpedance has undoubtedly been over-emphaable across the load is equal to
sized. In the power curve of Fig. 3 it will be
Resistance
noted that, while the maximum power to the
. =; —ofrload
load occurs with a load resistance of 5000
Voltage across the load, = ,100™volts times
Resistance
of load plus ohms, the load resistance can vary from 2600
internal re-sistance of to 10,900 ohms, a range of about 4 to 1,
with only ten per cent, reduction in load
generator
power. Owing to a peculiarity in the behavior
(5000 ohms)
of vacuum tubes, the maximum undislorfed
The voltage across the load, therefore, rises as output will be delivered to a load of twice the
the load impedance is increased and will be at impedance of the tube, i. e., 10,000 ohms for a
5000-ohm tube, and in designing a circuit this
maximum when the load impedance is infin- relation
is usually aimed at.
itely high. The power in the load, however,
The impedance of a device is determined
rises to a maximum where the load is 5000
generally by certain considerations in its
ohms, or equal to the source impedance. This
design which cannot be altered conveniently
relation is always true; that is, the maximum
to obtain the optimum impedance relation
transfer of energy occurs when the source
when the device is worked out of a source of
a certain impedance. The remedy for this
situation is fortunately quite simple, involving
only the use of the so-called impedance adjusting transformer. The remainder of this
article is devoted to a discussion of this important device.

<RL+ JXL = ZL)
Fig. 1 — Diagram
with of
load.a transformer

Impedance Adjustment
IT WILL be remembered that impedance was
defined as the opposition which a circuit
offered to the flow of current, in other words
the factor which determines the flow of current from a source of definite voltage and
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internal impedance. If, then, a load impedance may be so affected as to cause the same
current to flow in from the source as would
another impedance, it is, so far as the source
is concerned, equivalent to the latter impedance. If the load impedance is less than the
source impedance there are two methods of
increasing it, by means of a series impedance,
and by means of a transformer. The series
impedance method does not generally accomplish the desired result. Under the conditions
in which we are principally interested, i. e., a
vacuum tube feeding a loud speaker, the
series impedance is not effective. While the
''matching" thus accomplished does increase
the power output of the tube, it does not increase the input to the load, since the added
power is dissipated in the extra series resistance. Similar reasoning will dispose of the
suggestion of the use of a parallel impedance
to reduce the load impedance. There is left
as a possible means of impedance adjustment,
the transformer.
The action of a transformer is to step-up
or -down an alternating current or voltage.
Since the transformer is not a source of
power, the power must be the same on both
sides except for the losses in the instrument.
Power being proportional to the product of
current and voltage, this product must be
the same on both sides of the transformer,
i. e. the current is stepped-up in the same
ratio as the voltage is stepped-down. and vice
versa. This ratio of transformation is the
ratio of mately). turns in the two windings (approxiConsider the loaded transformer of Fig. L
The definition of impedance may be stated
j£ voltage
algebraically as : Z = yI , i. e.,
impedance
Then if Zi,e. is the equivalent impedance of
the transformer and load (the impedance
which would permit the same current to flow
as flows with the loaded transformer) :
= N2Zl
E, NEi _ NEiZl
Ii
h
E2
where
Zi.e. — equivalent impedance of load from primary of
transformer
.
N — turns
ratio=Ei/E2
Ei — voltage across primary
11 — primary current
E212 —— secondary
secondary current
voltage
Zl — load impedance
That is, the equivalent impedance of R,a
transformer of a turns ratio of N, loaded H2with
N2Xt
RP RT

Fig. 2 — Equivalent circuit of the
loaded transformer. The circuit
of Fig. 1 may be replaced by this
series-parallel network
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sents the loss in voltage due to
an impedance Zl, is N squared 20 100 t
1
— ^
times Zl, or the effect of the transtransfer losses and leakage reactance. The shunt impedance, Zt, is
former isto multiply the load imPower
\
pedance bythe square of the turns
equivalent to the primary open cir16
80
ratio which may be a fraction or
V
cuit impedance of the transformer,
an integer depending upon whether
to which one would expect the term
Voltage
transformer impedance to apply.
the high or the low side of the
\
transformer is loaded.
12„ 60
This impedance has no definite
>
In the foregoing discussion, the
value unless a frequency is speciturns ratio of the transformer is
fied, i.e., it varies with frequency.
X
assumed to be the only transformer
The fact that this impedance was
s—
8 h 40
characteristic entering the relaignored in the original discussion
tion. This ideal condition does not
*
gives the clue to its proper value —
actually exist and, in designing or
20
it must be so high as to take no apCurrent
selecting an impedance adjusting
preciable current from the source.
transformer, other factors must be
The useful frequency range of the
/
/
12
/
/
considered. There are, of course,
transformer is the range of frequenthe power losses which invariably
cies over which this impedance is
/—
—
/
It
accompany the passage of power 0 fl
high enough to prevent appreciable
4
6
8
10
/
/
through a conversation. These,
current flow through it. At any freLOAD RESISTANCE IN KILO-OHMS
however, are small in a wellquency atwhich the transformer is
useful, this impedance must be,
designed transformer. Most impor/ / 3 — Variation of voltage, current, and
Fig.
tant, however, is the impedance of
not equal to, but several times the
power as the load is varied. Values were comthe transformer itself.
impedance of the source.
puted on the basis of a 5000-ohm tube impedance and a resistance load
In discussions of impedanceAn impedance-adjusting
former should have a turns transratio
adjusting transformers, the statementisoften made that the primary
equal to the square root of the
impedance of the transformer should equal the impedance of the load over thefrequency range
ratio of the impedances to be coupled. The
for which good efficiency is maintained. The
impedance of the source, and its secondary iminput impedance of the transformer with the
pedance equal that of the load. At best this is complete equivalent circuit of the loaded
secondary open circuited should be several
transformer is shown in Fig. 2.
a careless statement. The effective impedance
times that of the source at all frequencies in
of the loaded transformer is determined by the
the range to be covered.
The series impedance, Rt and XQ, repreTable

of Wavelength

The following table gives the wavelength allocations
which were adapted by the International Radiotelegraph Conference at Washington, D. C. The data show
the type of service permitted in wavelength bands
Frequencies
wavelengths
kilocycles perin- Approximate
in meters
second (kc/s)
100 30,000-3,000
3,000-2,725
10001--0- 110
2,725-2,400
1
125- 125
1
2,400-2,0001
1501
150- 160
2,000-1,875

160- 194

194-

285

1,875-1,550

1,550-1,050

Services
Fixed services.
Fixed services and mobile services.
Mobile services.
Maritime mobile
services open to public correspondence exclusively.
Mobile services.
(a) Broadcasting.
(6) Fixed services.
(c) Mobile services.
The conditions for use of this band are subject
to the following regional arrangements:
Allingregions
broadcast- i
stationswhere
now exist work- ( broadcasting.
ing
on
frequencies
below Jj
fa
300 kc/s (above 1000m).
Othe
r regio- ns j( Mobi
r,..
Fixed,e services.
services
Regional arrangements will respect the rights
I of other regions in this band,
(a) Mobile services.
(6) Fixed services.
(c) Broadcasting.
The conditions for use of this band are subject
to the following regional arrangements:
( (a) Air mobile service exclusively.
\ (6) A ir fixed services exclusively.
Europe
(c) Within
the bandFixed250-285"
(1200-1050m).
service kc/s
not
) open
to public correspondence.
I (d) Broadcasting within the band
L
194-224 kc/2 (1550-1340m).
/ (a) Mobile services except
l
commercial ship staed s.air services excluOther regions <j(6) Fixtion
I (c) Fixed ly.services noi open to
sive correspondence.
J public
Radio beacons. V.
Air mobile services exclusively.
Mobile services not open fo publ ie correspondence,
(a) Radio compass service.
(6) Mobile services, on condition that they
do
not interfere with radio compass
service.
Mobile services.
Mobile
services
telephony)
. (except damped waves and radioMobile services (distress, call, etc.).
Mobile services not open to public correspondence
(except damped waves and radiolelephony) .

950
1,050- 830
8502
950- 770
850830650
390- 460
460- 485
770- 620
650435- 550
545
515- 5153
620- 5803
580iThe wavewaves.
of 143 kc/s (2,100m) is the calling wave for mobile stations using long
continuous
2The wave of 333 kc/s (900m) is the international calling wave for air services.
^he wave of 500 kc/s (600m) is the international calling and distress wave. It may
be used for other purposes on condition that it will not interfere with call signals and
distress signals.
285315350360-

315
360
3502
390
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between 5 and 30,000 meters (60,000 and 10 kilocycles
per second). This radio allocation plan, of course, is
used in all civilized countries of the world, as it was
adopted at an international conference.
Frequencies
kilocycles perin
second (kc/s)

wavelengths
Approximate
in meters

550- 1.3001
1,3001,500

230200
545- 230*

1,500- 1,715
I, 715- 2,000
2,000- 2,250
2,250- 2,750
2,750- 2,850
2,850- 3,500
3,500- 4,000
4,000- 5.500
5,500- 5.700
5,700- 6.000
6,000- 6,150
6,1506,675
6,6757,000- 7,000
7,300
7,300- 8,200
8,2008,550- 8,550
8,900
8,900- 9,500
9,500- 9,600
9,600-11,000
II,
000-11,400
11,400-11,700
11,700-11,900
11,900-12,300
12,300-12,825
12,825-13,350
13,350-14.000
14,000-14,400
14,400-15,100
15,100-15,350
15,350-16,400
16,400-17,100
17,100-17,750
17,750-17,800
17,800-21,450
21,450-21,550
21,550-22,300
22,300-23,000
23,000-28,000
28,000-30,000
30,000-56,000
56,000-60,000
Above
60,000

17515013310910585-

150
133
109
105
85
75
50
52.7
54

Services
Broadcasting.
(a)
(6) Broadcasting.
Maritime mobile services, waves of 136!
kc/s (220m) exclusively.
Mobile services.
d
xe
Fi services.
Ambiatleeurs.rvices d xed rvices.
Mobile se
services. an fi se
Mo
Fixed services.
Mobile
services
and fixed services.
Mobile
services.
eservices.
obilservices.
{M
Fixed
Amateurs.and •fixed services.
Mobile
Mobile services
services.
Fixed
services.
Broadcasting.
Mobile services.
Fixed services.
Amateurs.
Fixed services.
Mobile services.
Mobile
services and fixed services.
Fixed services.
Broadcasting.
Fixed services.
Mobile services.
Fixed
services.
Broadcasting.
Fixed services.
Mobile services.
Mobile services and fixed services.
Fixed
services.
Amateurs.
Fixed
services.
Broadcasting.
Fixed services.
Mobile services.
Mobile services and fixed services.
Broadcasting.
Fixed
services.
Broadcasting.
Mobile services.
Mobile services and fixed services.
Not reserved.
Amateurs
and experimental.
Not reserved.
Amateurs
and experimental.
Not reserved.

48,8
45-42 .458
.78-41
5422.41-36.6
36
6-35
8 8- 33.7. 1
435.133.7- 31.6
31.6-31.2
7531 .2- 27.3
27.326.3
5426.3- 25.6
25.6-25.2
5025.2-24.4
24 . 4- 23 . 4
23 . 4-22 . 4
22
21 .. 4-21
4-20 .. 48
20 . 8- 19 . 85
19 . 85-19 . 55
19 55-18.3
18.3 -17.5
17.5 -16.9
16.9 -16.85
16.85-14
14
-13.9
13.9 -13.45
13.45-13.1
13.1 -10.7
10.7
10 -10
-5.35
Below 5
5 . 35-5
4MobiIe services may use the band 550 to 1,300 kc/s (545-230m) on condition that
this will not cause interference with the services of a country which uses this band
exclusively for broadcasting.
Note. — It is recognized that short waves (frequencies from 6.000 to 23,000 kc/s
approximately
— wavelengths from
50 to 13m approximately)
are very
efficient
long
distance communications.
It is recommended
that as a general
rule this
band forof
waves be reserved for this purpose, in services between fixed points.
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our

readers

Reducing Static
A SIMPLE and effective way to reduce
heavy static crashes and other interference such as howls from radiating receivers to
the signal level has been tried out by the
writer on a number of receivers with gratifying
results.
A neon glow lamp, such as is sold by
electrical-supply houses for use as pilot lights
on 110-volt lines,
is thestatic
"magictolamp"
which
effectively
reduces
ineffectual
"plunks," receivers
and cuts tothea less
ear-splitting
radiating
offensive howl
squealof
that does not rise in volume above that of the
incoming signal.
The neon glow lamp, known as T14 and
rated at watt, costs 60 cents. It has a screw
base, containing a resistance compound which
prevents excessive current flow when used on
standard light circuits. Carefully cut this
screw base off with tin snips and remove the
resistance compound, being cautious not to
break the delicate bulb or the fine lead-in
wire. Solder No. 30 copper wires to the leads.
Bend a piece of light metal around the glass
bulb so as to form a mold for a base. Drop in
hot sealing wax or rosin. This will harden into
a base which will protect the tube and the
delicate terminals.
The " static-spill er " is now ready to be connected in shunt with the loud speaker as suggested in Fig. 1.
The signal volume shoidd be adjusted to
suit the average requirements. At this volume
setting the neon tube will not light at all, or
only at rare intervals. When static is received
if the surge is equal or smaller in amplitude
than the incoming signals it will pass through
unaffected by the neon tube, but it will be
fairly innocuous. The crashing static that
makes radio reception impossible is greater
in volume than the received signal and there"spills over"
through
the shunting
tube. foreWhen
bad static
is being
received neon
the
crashes are visible each time they occur, the
tube flashing brightly.
When the squeal of a blooper comes through
the tube lights, holding the squeal down to the
level of the received signal.
R. F. Starzl, Le Mars, la.
STAFF COMMENT
Mr.tive inStarzl's
idea It
should
reasonably
effecmany cases.
is not bea static
eliminator.
It is merely a device that has a limiting effect
on volume. If the device is set to operate above
a certain arbitrary signal level, the effect of
any disturbance above this limit will be reduced.
It will be desirable to adjust the neon-lamp
circuit so that it spills over at the correct

Neon Tube

To
Set

Resistor. ^ Lx
Fig. 1 — A neon tube connected as
shown above is an effective static
reducer

suggest
A Good Coil Cement

This department of Radio Broadcast is utilized each month for the
presentation of miscellaneous short
radio articles which are received from
readers. These abbreviated manuscripts
describe "kinks," radio short cuts, and
economies that the experimenter runs
across from time to time and that can
be made clear in a concise exposition.
Although some of these notes have been
submitted by engineers and professional writers, the editors particularly solicit contributions from the
average reader. All material accepted,
including photographs, will be paid
for on publication at our usual rates
with extra consideration for particularly meritorious— ideas
The Editor.

intensity. If it spills over at too low a volume a
variable resistor, such as a universal range
Clarostat, should be placed in series with it.
R.F.Amp.

AN EXCELLENT
for the
coating
solenoid coils, and fordope
giving
necessary
rigidity to spiderwebs and other self-supporting coils, may be made by dissolving one
ounce of parrafin in one pint of high-test
gasoline. This solution may also be used as a
substitute for boiling in parrafin in almost any
radio impregnation job.
S. W. Oldershaw, Waterbury, Conn.
Ghostly At Least
IHAVE found that my radio set can be enjoyed by everyone in the house by means of
a very simple device. I attached a long cord
to my loud speaker, and passed it through
the same hole that I use to bring my battery
wires up from the cellar. Then I place my loud
speaker directly in front of the opening where
cold air is taken into the hot-air furnace.
When I turn on my radio set, the pipes from
the furnace serve as carriers, transmitting the
music into all rooms of the house. Oftentimes
a guest is quite mystified to hear this perfectly transmitted music coming out of the
register. Jacque Longaker, Buffalo, N. Y.
STAFF COMMENT
The idea is novel — useful to an extent, and
replete with humorous possibilities. But we
should hesitate to second our contributor's
characterization of the reproduction as "perfectly transmitted." Hot-air heating pipes
hardly have the acoustic properties of an ideal
loud speaker.
An Economical Voltage Divider

Circuit
Equivalent
Fig. 2 — The vacuum-tube circuit
shown above is an excellent variablerange high resistor
A Variable-Range High Resistor
THE vacuum tube can be used as a variable
high-range resistor for a variety of radio
purposes, by taking advantage of the fact that
its internal resistance varies with the filament
emission. With plate and grid elements of the
tube connected together, either filament leg
may be used as one terminal of the resistor,
and the common grid-plate connection as the
other. The filament is controlled by a rheostat,
which, in turn, varies the resistance of the
plate-filament circuit. Using a 199-type tube
a resistance range of from about 3000 ohms
to infinity can be secured. The actual lower
limit will vary with the voltage applied across
the device.
The principal advantage of this arrangement is that it provides a silent, velvet variation in resistance. It may be used most successfully as a regeneration or oscillation
control in receiving circuits, as suggested in
Fig. 2. The use of a 199-type tube is recommended because, in many instances, it will be
necessary to use a separate filament-lighting
source. The resistor, of course, is operable only
in d.c. circuits (such as the plate circuit of a
receiver), and the plus side of the line must
be connected to the plate-grid terminal.
Ralph Van Keuren, Beloit, Michigan.
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THE 2 candle-power 110-volt carbon lamps,
purchasable at almost any five and ten
cent store for ten cents, make excellent resistor
units for radio purposes. Each lamp has a resistance ofabout 2000 ohms.
I have found them particularly applicable
to the requirements of a voltage divider in
power-supply units. A power source having
a maximum potential of 180 volts will require
from six to rangement.
eightThese lamps
a "bleeder"
may beformounted
easily arby
placing them in holes, one inch in diameter,
drilled in thin wood or a bakelite strip. After
the lamps have been mounted they are connected in series by soldering directly to the
screw bases. Employing eight lamps, any
voltages between 0 and 180 may be had in
22.5 volt steps. A typical arrangement is suggested in Fig. 3. As usual, each voltage tap
should be bypassed to B negative.
C. H. Galbraith, Boston, Mass.
-| To Rectifier |+
-2 C.P.Lamps ■
0<5rt>OTC>^TCK> +180
135
O
Fig. 3 — A simple inexpensive voltage
divider for a B power-supply unit.
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By G. F. LAMPKIN

IT IS more than ordinarily difficult for the
radio worker to measure alternating currents around or below 25 milliamperes.
A necessity for determination of currents in
this range usually leads to a contemplation
of vacuum thermo-couples and d.c. microammeters. Full-scale ranges of 100 milliamperes can be had rather reasonably in selfcontained thermogalvanometers; but because
of the current-squared crowding of the scale,
readings below 25 milliamperes cannot be
reliably taken.
It is useful, then, to know that a vacuum
tube can be fitted up rather simply to measure alternating currents from some 5 milliamperes upwards. A 199-t.ype tube, a onemilliampere d.c. meter, and a 30-henry choke
are the chief accessories necessary to measure
currents in the above mentioned range. In
the range from 35 milliamperes to as high as
desired only the tube, d.c. meter, and appropriate shunts are needed.
Calibration of a home-made meter usually
necessitates the use of a standard meter for
the same kind and range of current. In this
case, however, only a 0-100 d.c. milliammeter
is required, and it can be improvised from the
0-1 meter if necessary.
Design of Meter
THE principle utilized in the thermionic
meter is the change in emission current of
a tube due to change in filament-heating
current. Fig. 1 is the circuit diagram. The
0-100 milliampere meter is not a permanent
part of the set-up, but is used only to obtain
the initial filament-current, plate-current
characteristic. Fig. 2 shows this curve for a
typical 199-type tube. Appreciable emission
is not had until some 35 milliamperes flow
in the filament. It is evident 5 or 10 milliamperes of a.c. alone would have no effect
whatsoever in producing emission current.
The scheme, then, to measure alternating
currents in this lower range is to pass an initial
d.c. through the filament, and on this current
superimpose the a.c. which is to be measured.
The a.c. alternately adds to and subtracts
from the steady filament current. If the temperature ofthe filament could instantaneously
follow these current fluctuations, the plate
current would swing up and down the
emission-current curve of Fig. 2. However,
because of heat capacity, thermal lag, frequency offluctuations, and such, the temperature of the filament cannot follow the heatingcurrent fluctuations. What happens is that
the temperature takes up a new value dependent on the new root-mean-square value of the
heating current. The average value of the current, of course, does not change — but the
average value plays no part in determining
the filament temperature. The r.m.s. value of

Parts required for construction of
a 35-mA. thermionic millammeter

the steady initial current is simply its d.c.
value. The new r.m.s. value caused by the
combination of the a.c. with the d.c. can be
calculated by:
Ir.m.s. = l/(Id.c.)- + (la c )This change in heating value of the filament
current is evidenced by a change in the d.c.
plate current. By suitable calibrations, and
The author of this article, who is no
stranger to the readers of Radio
Broadcast, has used the meter described to measure the overall frequency characteristics of receivers, the
currents into loud speakers, the a.c.
in power-supply chokes whose inductance was being measured, and, as he
says, once one has an instrument that
will measure accurately small values
of a.c, many other uses will be found
for it. It is much less expensive than a
combination thermo-couple and microammeter — and repairs are less
costly, too.
— The Editor

fortunately by calculations, the magnitude
of the superimposed a.c. can be determined
from plate-current readings.
In the set-up of Fig. 1 the 30-henry choke
is necessary to insure that the a.c. takes its
intended
pathbattery
through
filament.
The
filament
has the
a lowtube's
a.c. resistance,
and were it not for the choke it would bypass
the larger part of the a.c. The usual d.c.
resistance value of a 30-henry choke is approximately 300 ohms, which makes necessary afilament battery of 22| volts. The filament battery should be of the heavy-duty B
type, for it must supply a current of 40
or 50 milliamperes. A 400-ohm rheostat or
potentiometer is used for filament control.
The filament battery could be made to serve
also as a B battery, by returning the anode
connection to the positive terminal. However,
the comparatively heavy load which the battery must supply tends to cause a rather rapid
drop in voltage; and, although the battery
remains entirely suitable for A supply, the
changed plate voltage leads to inaccurate
results. For this reason, another battery is
used to supply the plate voltage. One additional battery, a 4f-volt unit which supplies
bucking-out current for the plate meter, is
also used.
When obtaining the emission characteristic
of Fig. 2, readings are taken up to one milliampere plate current, the full-scale range of
the meter. Then a 50-ohm rheostat, which is
connected across the plate meter, is adjusted
until the deflection is exactly half its original
value. This will require a shunt of approximately 39 ohms on a Jewell meter. Beadings
up to 2 milliamperes are taken, because the
curve in this region is necessary for calculating calibration points.
The sensitivity of the thermionic meter depends on what part characteristic
of the tube's filament-cmrent, plate-current
is worked. It
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may be seen that a given change in r.m.s.
filament current at a low initial current, say
38 mA., will produce only a fraction of the
plate-current change that would be caused
at a higher initial current 60 mA., for example. The resistance in the circuit diagram
of Fig. 1 through which bucking-out current
is fed to the plate meter is fixed. The only
control is the 400-ohm filament rheostat.
The procedure in using the meter is to
close the battery switch and adjust the filament rheostat until the plate meter reads
zero. This will happen when the emission
current equals the bucking-out current supresistor.plied through the 4j-volt battery and fixed
Thus the size of the fixed resistor automatically determines what initial emission
current must flow and accordingly what part
of the filament-plate current characteristic
is to be used. If the value of the fixed resistor
is low, the bucking-out current will be large.
To produce an equally large emission current
a high initial filament current will be necessary, and the resultant sensitivity of the meter to a.c. will be good. However, extreme
values of initial filament and emission current are detrimental to the tube's life and the
accuracy of calibration and so should be
avoided.
The calibration curves of Fig. 3 were made
by measuring the superimposed 60-cycle current on the tube's filament, and taking the
corresponding plate-current readings. With
a 2500-ohm resistor in the bucking-out circuit, the initial plate current, which was
required to equal the bucking-out current,
was 1.6 milliamperes; and the superimposed
a.c, which gave a one-milliampere plate cmrent range, was 3 to 18 milliamperes. Greater
sensitivities can be had by working higher on
the emission curve, i.e., with smaller values
of bucking-out resistance, but such is not
advisable. A 10,000-ohm fixed resistor and
an initial plate current of 0.4 milliamperes
gave a range of 6 to 23 milliamperes a.c.
(curve 2 of Fig. 3). With the bucking-out
circuit opened, and the plate current adjusted to an initial current of 0.02 milliamperes, the a.c. maximum was 35 milliamperes (curve 1.). The calibration on the
latter range departs much farther from the
linear than does the one for 6-23 milliamperes.
The lower range calibration works over a
more restricted and a straighter part of the
emission characteristic, so that it does not
show the sharp bend present in the 15-35
milliampere curve.
It is important to note that there must not
exist a d.c. path in the circuit which carries
the to-be-measured a.c. A d.c. path would
draw current from the filament battery of
the tube and disarrange the zero setting. In

View ofmiHiammeter
the author'sset-up
thermionic

1.6
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filament-current change of only 35 to 50 milliamperes gives full-scale change on the plate
meter is both an advantage and a disadvantage. The limited a.c. range allows an open
and easily read scale so that currents can
be determined accurately. It also means,
however, that an inconvenient number of
shunts must be used to [give overlapping
ranges.
A possible alternative is to connect the grid
of the tube to one side of the filament. By
doing this the rate of increase of plate current
. with filament current is cut down, and a range
of approximately
35 to
milliamperes
results. In other words,
the 60minimum
readable
current is 58 per cent, of full-scale value as
compared with 70 per cent, when the grid is
tied to plate. However, this alternative
Fig. 1 — Schematic mionic
circuit
of
thermethod
makes the plate current dependent
milliatnmeter
in a greater measure on the plate voltage, so
that changes in plate voltage damage the accuracy more than in the case of grid-plate
such cases it would be necessary to insert a connection.
condenser in the a.c. leads to the tube. The
In Fig. 4 are given sample calibrations for
size of the condenser is determined by the
impedance which it is permissible to insert the tube (grid connected to plate) when carrying a.c. alone, with and without shunts.
in the circuit carrying the a.c. The resistance
of the thermionic meter alone to the a.c. is These calibrations may be made with either
d.c. or a.c. and then be used to measure any
approximately 50 ohms.
sort of a current.
Calibration by Calculation
[Editors Note: Mr. Lampkin has indicated
THE check between calculated and cali- but briefly the uses to which such an instrubrated points agrees within 3 per cent,
40 ment as he describes can be put. Anyone who
and this shows that it is not necessary to has worked in the laboratory where small
have 20- or 40-milliampere a.c. meters at hand
to calibrate the thermionic meter. From the
known data as to initial filament-current and
10
Hj
emission characteristic it is perfectly feasible
to get good calibrations by computation.
The procedure followed for the 6-23 milliampere curve (curve 2 Fig. 3) was first to
cc
nt= 0 .02 m
measure the bucking-out current through
nitial
3E2520
the 10,000-ohm resistor. This was 0.4 milliCurr€
amperes. From the emission curve of Fig. OSLU
2, 0.4 milliamperes corresponds to 46 milli1.
amperes, the initial filament current. This is
litial (
t = 0.4 mA.
I a.c. in the formula above. Then values of suT2>Ii
^urren
perimposeda.c.
I were assumed — say 7, 10, 14, < 10
LlI
etc. milliamperes — and the resulting r.m.s.
values figured. For instance, for 10 milliamperes of assumed a.c.
lis
47.1
inA.
I r.m.s. = j/(46)= + (10)2 - ,/2116
Going back to the emission curve, 47.1 milliamperes in the filament gives 0.52 milliamperes plate current. Although 0.4 milliamperes already flow in the plate circuit, the
meter reads only .12 mA. because of the
bucking-out current. Thus the meter reading
of 0.12 milliamperes corresponds to 10 milliamperes of superimposed a.c. In the case of
the 15-35 milliampere curve (curve 1, Fig.
3) there was no bucking-out current. The
initial plate current of 0.02 milliamperes
meant a filament current of 36 milliamperes.
The combination with an assumed value of
33 milliamperes a.c. gives:
I r-m.s. = V/C36)- + (33)2 =,/i296 + 1089 = 48.8 mA.
The plate current for 48.8 milliamperes .filament current is 0.75 milliamperes. Thus
when the plate meter reads 0.75 mA., 33 mA.,
a.c. flows through the filament.
Both the filament battery and the buckingout battery circuits on the meter set-up can
be opened, and a.c. alone used to heat the filament— in which case currents from 35 milliamperes up can be measured. If lower current ranges are not necessary, the thermionic
meter becomes simplicity itself. The raw
materials required are only the tube, the onemilhampere meter, and a 22^-volt B battery.
There are no restrictions as to d.c. path in
the circuit in which current is measured. The
wave shape of the current is immaterial — on
any sort of wave the meter reads the r.m.s.
value. Shunts may be used to extend the
range indefinitely upward. The fact that a

0
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PLATE CURRENT-mA.

Fig. 3 — Calibration
curves of thermionic milliammeter
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Fig. 4 — Calibration curves of thermionic milliammeter with two
values of filament shunts.
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Fig. 2 — Filament-current, platecurrent
characteristics of 199-type
tube| 0.1with 22\ volts on plate and
a.c. potentials must be.0 measured, either at low
or high frequencies,11 will appreciate the advantages of this combination of tube and
d.c. meter.
As an example, let us try to measure the
impedance offered to agrid
60-cycle current by a
30-henry choke coil. There are various methods, all of which are more or less complex.
This impedance, however, is largely inductive
reactance, and, if we knew the current
through the coil at a given a.c. potential across
it, this reactance could be calculated. From
this calculation would come the value of
inductance and impedance in which we are
interested. At 30 henries, and with an a.c.
potential of 110 volts, the current through the
coil will be about 10 milliamperes. Now a
thermo-couple that will measure currents of
this value costs about $25 and requires a
sensitive d.c. microammeter in order to read
the rectified current. This meter will cost not
less than $35 and probably will amount to
$100. Therefore, in order to measure this small
current of 5 to 10 milliamperes, equipment
worth over $100 is required.
The device described by Mr. Lampkin will
measure this current easily and at much less
cost than by the use of a thermo-couple and
indicating meter. It is only necessary to put
an initial current through the filament of the
tube and then to add the current going
throughmentthe
The differential
of filacurrentchoke.
will cause
a differential
in
plate current which can be read on an inexpensive d.c. meter. After the tube and meter
are calibrated, or when the values of plate
current corresponding to certain values of
filament current have been calculated, the
meter is immediately useful. The change in
plate current
caused
by the change
filament current can
be obtained
from aincurve
similar to those given on this page.
Other uses for the device have been indicated in the box on the preceding j page.
In all of the cases where a.c. and d.c. both
flow through the device under measurement,
care must be taken to prevent the d.c. current from flowing into the tube filament.
This is a simple matter and requires only a
large fixed condenser through which -the a.c.
will pass but which offers a very high opposition to the flow of d.c.
This milliammeter is one that can be built
and operated by any home experimenter or
any laboratory worker. The requirements are
simple, a d.c. meter reading about one milliampere, a60-milliampere filament tube, and
a little patience at calculating what plate
current will be read when a given a.c. cm/rent
is added to the filament current.
As the author points out the resistance of
the voltmeter to the a.c. currents which it
is designed to measure is of the order of 50
ohms. The effect of this resistance on the
circuit in which this a.c. currents flow must
be taken into account, but in general such
dition.]
an addition will not upset the circuit con-
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THE MAJESTIC MODEL 70- 15 RECEIVER
This seven-tube Majestic receiver consists of a three-stage tuned radio- two 171 A-type tubes. The power unit supplies A, B, and C potentials
frequency amplifier, a detector and a two-stage transformer-coupled to the set and also provides field current, for a Majestic model G-2
audio-frequency amplifier, the output circuit of which
is d.
push-pull
dynamic loud speaker.
BalCon
226 using
2 ™f; 000025 mid.
Grid
Resistance
50-100 ohms 226

THE FEDERAL TYPE D (60 CYCLE) RECEIVER
This interesting receiver manufactured by the Federal Radio Cor- rectifier. It should be noted that the filament circuits of the r.f. amporation uses four 201 a- and one 17lA-type tubes in a series filament
plifier tubes contain r.f.in choke
coils supply.
to prevent common coupling
the filament
circuit, the necessary current being furnished by a Raytheon BA-type
5 Volt h Ampere
Power Tube

1— * out

5 Volts A.C. (Not used on Type "D">
777,777 Metal Case
0.1 mfd.TL
The data which was given in the description of the receiver in previous "Set Data Sheets9' has been lettered on the above diagram.
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page 327 •

KADIO BROADCAST
Radio Broadcast s Set Data Sheets

No. 20

March, 1929

THE CROSLEY MODEL 704-B RECEIVER
This popular model in the Crosley line is a complete a.c. set. The current to a Crosley Dynacone loud speaker although any type
Hazeltine neutrodyne circuit is used in the r.f. amplifier to prevent of loud speaker may be used with the set. The output circuit is
oscillation. The circuit of the power supply is designed to furnish field
push-pull.
Variable
^ Condenser

Shield-.

THE

CROSLEY

MODEL

705 RECEIVER

This light-socket-operated receiver is designed for use in districts two push-pull 171 a -type tubes in the output are supplied with about
where the only power supply available is 110 volts d.c. The set uses 90 volts so the availablea total
a.f. output
is 100! milliwatts per tube giving
of 300 milliwatts.
five 201a- and three 17lA-type tubes in a series-filament circuit. The
Variable Condenser
/Bal. " 0.0002
/Cond.
mfd. 577
,1/ 201 A
m
171-A
171-A
0.1 mfd
Ant. o-f|
Gnd.

(Brown)
Loud
Cabled Plug
- Mershon Cond. - 2 Section
Speaker
DC.
—V."
>|
8 mfd. Per Sec
120
110
The data which was given in the description of the receiver in previous "Set Data Sheets'" has been lettered on the above diagrams
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TUBE—

THE

250

By K. S. WEAVER
Westinghotise Lamp Company

tube was developed
e power
THE
place in the field of radio
a definite
to fill250-typ
reception, that of a tube which would
deliver a large output to a loud speaker without appreciable distortion and with a grid
swing or input signal strength readily obtainable with available apparatus.
The tube as finally developed has been
found to meet this requirement well. A filament of the coated type is used which insures
an ample electron emission with a moderate
filament power consumption. The plate resistance isinherently low, a plate voltage of
only 450 being required for full power output.
The general characteristics of the tube were
determined according to its intended use as
a power amplifier. Consequently it is not well
adapted for use as an oscillator or voltage
amplifier. The use of a coated filament together with the low amplification factor, which
were found to be very desirable features, are
not ideal from the standpoint of oscillator
tube design, although the tube can be used
as an oscillator in certain cases.
Before going into the details of the development of the 250 it may be of interest to consider some of the factors which have made the
production of tubes of high power output
desirable.
A very few years ago about the only kind
of loud speaker in general use was of the
horn type operated by a vibrating metallic
diaphragm. The characteristics of this type
of loud speaker were such as to accentuate
greatly the higher frequencies and to suppress
the lower frequencies. Recent developments,
however have made it possible to reproduce
frequencies well below 100 cycles with practically normal relative intensity.
A general idea of the relatively large amount
of power that the output tube must handle in
order to reproduce the lower frequencies adequately may be secured by examination of a
curve in the paper "An Analysis of the VoiceFrequency Range" by I. B. Crandall and B.

Ep=300
0

1
2
3
4
LOAD RESISTANCE, RL
PLATE RESISTANCE, RP
Fig. 1

5

MacKenzie, Bell System Technical Journal,
July, 1922. This curve shows in a striking way
that in normal speech the power associated
with the low frequencies is enormously greater
than that associated with the high frequencies.
The same general relation may be observed
readily by the use of an oscillograph or a
milliammeter inserted in the output circuit of
a receiving set. Low notes at intensities which
are not particularly striking to the ear are
seen to have amplitudes many times greater
than those of the higher notes. This effect is
evident whether speech, vocal music, or instrumental music is being studied.
A little thought will show that the use of
tubes designed for low power output in sets
equipped with transformers which pass the
low notes will, unless the output of the set be
very much reduced, result not only in bad distortion of the low notes, but also in many
cases the complete obliteration of the high
notes.
Table I shows the power output, grid swing
and other characteristics of the tubes which
have been developed from time to time in
order to meet the growing demand for a larger
power output.
Analysis of Various Types
OF THE tubes listed the 199- and20lA-types
are general purpose tubes, the others were
designed primarily as output tubes. The
112a, however, while distinctly an output
tube, has a high amplification constant which
makes it useful as a voltage amplifier and detector as well. The 210 also has a fairly high
amplification constant which facilitates its
operation as an oscillator; but as a power output tube, although the plate voltage is high,
the grid swing is only 35 volts and the power
output is low compared with that of the 250.
The power output of the 250 is about
ninety times as great as the output of the
201a which originally was used as the output tube of most storage-battery-operated
sets at the time when the horn-type loud
speaker was common.
Most people readily appreciate the advantages of increased volume when it has been
demonstrated that this can be obtained without distortion.
With the relatively poor fidelity of reception that was formerly obtained, people having awell-developed sense of musical harmony,
generally preferred to use low volume due to
their unconscious objection to the distortion
at full volume. In many cases it was contended that the music was too loud although
it was the distortion accompanying high
volume which was the real source of the objection. With the best equipment now available
most people, after becoming accustomed to
the fact that good volume may be obtained
without distortion, prefer to have their sets
adjusted for a more normal volume.
Development of the 250
AT THE time work was started on the
development of this tube it was decided
to limit the plate potential to 450 volts; and
in order to keep the physical dimensions
within limits that would permit the use of the
standard ux base the plate was limited to a
size which was estimated to be able to dissi• march, 1929
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pate 25 watts without an unduly high temperature rise; the blackening of the plate
makes a larger heat dissipation possible, due
to the resulting increase in thermal emissivity.
It was further estimated that with one stage
of audio-frequency voltage amplification, using equipment now available, a grid swing of
80 volts peak could be obtained.
With these factors fixed as a starting point,
several tubes were made up having amplification constants ranging from 2.5 to 8.3.
A set of static characteristic curves was
then taken for each tube and from these was
calculated the maximum undistorted power
output that could be obtained, using in each
case the optimum value of load impedance and
grid bias. The plate current in all cases was
limited to 55 milliamperes, the value corresponding to a heat dissipation of 25 watts.
The maximum second-harmonic distortion
permitted in these calculations was five per
cent., a value which has been assumed genduction.erally to be inappreciable in effect on reproThe methods of calculating the maximum
powertic curves
outputhavefrombeena setdescribed
of static incharacterisdetail by
others ("Design of Non-Distorting Power
Amplifiers" by E. W. Kellogg, Proceedings
A.I.E.E., Feb., 1925, and "Output Characteristics
of Amplifier
Tubes"Proceedings
by J. C. Warner
and A.
V. Loughren,
I.R.E.,
Dec, 1926); a brief outline of the procedure
will be sufficient here.
For a moderate plate voltage at which the
heat loss at the plate is below the maximum
allowable, the best load impedance is equal to
twice the tube impedance. That this is true
has been shown theoretically by W. J. Brown
("Symposium
on Physical
Loud Speakers,"
Proce dings ofLondon
Society, 36. Part
III, April, 1924) and was verified experimentally by Hanna, Sutherlin, and Upp preceding
their development of the 250.
An
4.5 actual determination of the proper load
impedance and grid bias for maximum power
UX-250 — ^^Z-
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In Fig. 4 are summarized the results of the
work done on the tubes of different amplification constants. Curve 1 shows how the
maximum undistorted power output varies
with amplification constant, the dotted portion indicating how the output would increase
if the plate dissipation were not a limiting
condition. Curve 2 shows the corresponding
grid swing required in peak volts.
It will be seen that the grid swing required
to operate the tube at full output becomes
rapidly greater as the amplification constant
decreases. Also it will be noted that the power
output reaches a maximum and then decreases. Both of these conditions are due to the
fact that at low values of amplification constant the grid becomes less effective in controlling the electron flow to the plate. This
results is an excessive curvature of the
plate-current characteristic which gives a
correspondingly limited working range when
the maximum distortion permitted is fixed
at a low value.
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7
output at a given plate voltage involves a
considerable amount of cutting and trying,
)
',2
due in part to the fact that the tube resistance
Fig. 4
varies with plate current. The most straightforward procedure is probably that of taking
Fig.
5
shows
the
relation
between maximum
points on the plate-current curves, at the
undistorted power output and plate voltage.
desired plate voltage, corresponding to sevOver a limited range the power output may
eral values of plate current and determining
for each the load impedance that will give the
be taken as proportional to the square of the
maximum power output without excessive
plate
distortion, Fig. 6.
Figs.voltage.
2 and 7 show the static characteristic
curves.
The power output in watts for any dynamic
The dotted curves of Fig. 7 correspond to a
curve is given by:
filament voltage of 7. The maximum undisW = (I max — I min) (Ep max — Em mm)
8
torted power output is in this case 4.27 watts,
a grid swing of 78 volts being required. It will
The minimum plate current is that where
be seen that there is little loss in maximum
the negative grid swing is equal to the fixed
power output or in sensitivity when the tube
grid bias.
is so operated, and it is, in fact, frequently
When this nas been done it will be found
preferable to operate the tube slightly below
that the ratio of the load resistance to the
normal filament voltage in order to protect it
plate resistance, Ri/RP becomes less as the
from over voltage due to line fluctuations
plate current is increased or the grid bias is
when, as is usually the case, it is operated on
decreased; and that the maximum power outalternating current. Careful control of filaput is obtained at a point where the ratio is
ment voltage will help materially in securing
equal to approximately two.
satisfactory operation and long life.
If, however, the plate current at this point
The inter-electrode capacities are: from gridis greater than the maximum allowable, the
to-plate 9 mmfd., from grid-to-filament 7
output corresponding to the maximum plate
mmfd., and from filament-to-plate 5 mmfd.
current must be used, the load impedance
Rp
400
being in this case greater than twice the tube
500
impedance.
Operation of the 250
200 300
Fig. 3 illustrates one step in the procedure,
Ep
PLATE
VOLTAGE
that of determining the second-harmonic disTHE put250,
outtortion due to the curvature of the dynamic
a gridrequiring
swing of for
80 full
volts,power
has been
characteristic. The formula used is — Disdesigned to be operated from a detector folFig. 5
lowed by one stage of audio-frequency
, i (I j
"l«-<" + I min) — I0 m
amplification.
tortion equals
-4.5
I max — 1j mm—
By the use of a high plate voltage on
Table
Power Output
MU
of Various Tubes
and gives the amplitude of the second
the detector, and the plate-current method
TYPE
FILAMENT
-4.5
-7.15
OUTPUT
of detection the intermediate stage of
harmonic component as a decimal of the TUBE
M LLI WATTS
-22.5
-9.0
199
audio-frequency amplification may be
amplitude of the fundamental.
7.6
(Thoriated)
15,500
omitted. This will tend to improve the
-27.
Fig. 1 shows the relation between the
6
6
(Tungsten)
18.000
-13.5
17.5
105.
135
3.3
quality, due to the elimination of one
power output obtainable at various plate 201a
120
14.
90 -40.5
(Tungsten)
6600 (Tungsten)
audio transformer, as well as to the im11,000
voltages and the load impedance. The
275.
55.
135
90
8
0
curve marked Wdc = 25 shows the limit112a
18090 -35.0
actionThis,
whenof plate-current
720
1700 Coated
Eg* 8 0 10.000
330.
detectionprovedisdetector
used.
course, will
2000
2200 Coated
ing values as determined by a plate dissi- 171a
180
-58.5
135
3
0
pation of 25 watts. This curve also shows
require rather high radio-frequency amp(Thoriated) 1550
-67.5— IM- 7.5
5400
lification preceding
that when the plate current becomes the 210
(Tungsten)
425 -80.0
' the detector. The power
250
350
limiting factor, a load resistance greater
1900 Coated
supply for use with /an/ amplifier employ250
300
1800
2450
3.8
than twice the tube impedance should be 250
ing a 250-type output tube should use
1800
3500
450
4600
two 281-type half-wave rectifier tubes in
used. For example, at Ep = 500 the load
a full-wave circuit.
resistance should be 2.8.
*
*jTo negative end of filament.
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Neivs, Useful Data, and Information on the
Offerings of the Manufacturer

Two New Tubes
AT LEAST two new tubes will be released
during 1929; one is a new power tube
which will (according to information given by
Philco to their jobbers, at a recent meeting
in Philadelphia which we attended) be made
available sometime during the first quarter
of the year and the other is an a.c. screengrid tube which will be released sometime
during the second quarter. Probably one or
both of these tubes will be used in some of
the sets that manufacturers will bring out
in the fall. Further data regarding these two
tubes' will be found on page 300 in "Strays
from the Laboratory."
Freshman Price Reduction
ON JANUARY 17, the Chas. Freshman
Company announced a price reduction
on all cabinet models of the Freshman line.
The new list prices of the various models
are as follows: Q-16, $99. QD-16, $129. N-12,
$149. N-17 $195. These prices do not include
tubes.
How to Sell Battery Sets

SALES suggestions of wide use to those interested in the market for batteryoperated receivers have been made by the
National Carbon Company, makers of batteries and receiving sets. A survey made
under their direction developed the fact
that there are more than 10,000,000 homes
in the United States that are not wired for
electricity and cannot use a.c. sets. Of this
astounding number, very few are not potential
customers for radio sets.
Many dealers have allowed this large market to escape their notice because of the
justified popularity of the a.c. set. The National Carbon Company have formulated a
plan to help dealers sell this large market.
The principal points in their plan are:
1. The dealer is asked to ascertain from his
local chamber of commerce, bank, or other
authority, the approximate limits of his
trading area.
2. He is asked next to consult either the
United States census or county maps for the
approximate population of his trading area.
3. Dealer then divides this total population
by 4.3, which will give him the approximate
number of families. This will be the total
potential market for both a.c. and batteryoperated sets.
4. Following that, he ascertains from his
electric light and power company how many
of these homes are wired. (This is, the number
of residential meters in his area.)
5. Dealer subtracts the number of wired
homes from the total number of families and
he has the approximate number of homes
which cannot use a.c. radio sets. This represents his market for the modern batteryoperated set.
It is suggested that dealers order their stock
of a.c. and battery-operated sets accordingly.
Some interesting information turned up as
a result of the survey. Washington, D. C, is
regarded as one of the most urban communities in the country. A large part of the District of Columbia is built up as a city. Yet
there are no fewer than 28,300 homes in the
District unwired for electricity and potential
markets for battery sets. Ohio has 342,000
unwired homes; Kentucky 418,700; Pennsyl-

In this section of Radio Broadcast
is grouped a great deal of information
of value to the dealer and serviceman,
to the professional set-builder, and
to the many others who find themselves
doing one thing or another in the radio
industry. This month we present a
compact but complete report on a popular receiver for home and custom setbuilding, tabulated data in an interesting and useful form for the dealer and
serviceman and a great deal of other
carefully selected miscellaneous information ofdefinite interest. A careful
reading of these pages will help you to
keep abreast of what — isThe
goingEditor.
on.

vania 852,500; North Carolina 514,900. The
total for the entire United States is 10,559,510.
In many states it is estimated that the battery market is 70 per cent, of the total.
Roger Wise With Majestic
ROGER M. WISE, for many years chief
engineer of E. T. Cunningham, Inc.,
has left that organization and joined the
Grigsby-Grunow Company of Chicago, manufacturers of Majestic radio sets and loud
speakers. A tube manufacturing division, it is
said, will be added to the other manufacturing activ ities of Grigsby-Grunow.
New Receivers Announced by Fada
RECENTLY Fada announced several new
receivers containing such features as
push-pull amplification and dynamic loud
speakers in the console models. The new Fada
16 is an eight-tube set using five 227-type tubes,

two 17lA-type tubes, and a 280-type rectifier
tube. The circuit consists of three stages of
tuned r.f., detector and two-stage audio
amplifier, the last- stage being push-pull. Fada
32 uses the same circuit and tubes as the 16,
but differs in the fact that it is housed in a
console with a built-in dynamic loud speaker.
The Fada 18 is a d.c.-operated set designed to
fidfil the needs of those living in districts
supplied with direct current. This set uses
five 112a tubes and two 171a tubes in a circuit similar to the model 16. Other items in
the Fada line are the model 72 radio-phonograph combination, the model 4 magnetic
speaker, the models 14 and 15 dynamic loud
speakers.
Federal Series-Filament Sets
THE
modelsreceivers
F-10 and
Federal
Orthosonic
are F-ll
designed
for
either a.c. or d.c. operation and they use
ordinary j-ampere tubes in a series-filament
circuit, all the necessary A, B, and C potentials being supplied by a Raytheon BA-type
rectifier. The four r.f. stages and the first
audio stage employ 20lA-type tubes. The
detector is a 112A-type tube and the power
stage uses a 17lA-type tube. The order of the
tubes in the series-filament arrangement is
first r.f., second r.f., third r.f., fourth r.f.,
detector, and finally second a.f. The set is
completely shielded and carefully neutralized.
If the set is to be supplied from d.c, i.e., a
storage battery and a B-power unit, it is
simply necessary that the tube filaments be
connected in parallel instead of in series.
New Philco Console Receiver
THE New Philco fine for 1929 features a
console set selling at the low price of $157.
The set is entirely a.c. operated and contains
eight tubes including a rectifier. Into the
console is built a dynamic-type loud speaker.
There are two other models in this line, the
Highboy selling for $275, without tubes, and
the Lowboy selling for $215. All of these sets
use the same circuit, consisting of a neutralized tuned r.f. amplifier followed by a twostage audio amplifier with push-pull in the
output. The Philco Company feel that these
sets will require a minimum of servicing but
have nevertheless arranged the design of the
set so that all connections may be reached
easily so that any servicing which may be
necessary can be done quickly and efficiently.
Poly met to Make Coik
THE
New Polymet
York hasManufacturing
announced the Company
purchase of
of
the Coilton Electric Manufacturing Company of Easton, Pa. Polymet is now in a
position to supply filter blocks, condensers
and resistances, and, with these added facilities, coils for power transformer, audio transformers, moving-coil loud speakers, power
packs, etc., are being manufactured.
Jensen Auditorium Loud Speaker

The eight-tube Philco console model
receive* — one of their new line
• march, 1929
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AN isauditorium-type
dynamicby loud
being manufactured
the speaker
Jensen
Radio Manufacturing Company. This loud
speaker will be made in three models differing
only in the method of field excitation. The a.c.
model will have a field coil with a resistance
of 2250 ohms and it will consume a current
of 90 niA. at a potential of approximately
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200 volts; the field current will be supplied
by a full-wave rectifier system using the 280type rectifier tube. The 220 d.c. model has the
same field as the a.c. model but it is intended
that the field will be supplied from 220-volt
d.c. service mains — in this model a transformer and rectifier are of course unnecessary.
The type 110 d.c. model is to be supplied
from 110- volt d.c. mains. The field resistance
is about 600 ohms and the field current, therefore, isabout 180 mA. It should be noted that
the power consumed by the field in each case
is about 20 watts. The cone has a diameter of
12 inches.

quency other than that at which it is received. In the first class are the tuned r.f.
sets and in the second class fall all the superheterodyne sets. Fancy names have been attached to individual makes of receivers in
both classes, but in principle and general
design they remain essentially the same.
Here we describe a super-heterodyne that
has been designed to utilize to best advantage
the fundamental characteristics of this type
of circuit, and secondly, which has been designed to take full advantage of the a.c.
screen-grid tube to obtain the greatest sensitivity consistent with satisfactory selectivity
and fidelity.

A Super-heterodyne Kit Set — The

The Tyrman
Imperialand"80"three
employs
a first
detector,
oscillator,
stages
of
intermediate-frequency amplification using
a.c. screen-grid tubes and operating at a frequency of480 kc. The i.f. amplifier is followed
by the second detector and a two-stage
transformer-coupled a.f. amplifier. The power
tube is a type 250 which is part of the B supply. Interchangeable coils are provided so
that the set may be used for both broadcast
and short-wave reception.
In the design of the i.f. amplifier a very
complete set-up of laboratory instruments
and equipment was necessary to measure accurately the efficiency of the a.c. screen-grid
tubes at frequencies of about 500 kilocycles.
The efficiency of the screen-grid tube operating as an impedance-coupled amplifier was
the basis of comparison as to gain per stage
while the characteristics of a band-pass
filter was the goal for selectivity.
The actual gain of an impedance-coupled
screen-grid amplifier is in the order of 36 — a
satisfactory figure — but the width of the
bottom of the curve is too broad for good
selectivity.
In order to obtain the maximum efficiency
from a screen-grid tube it was found necessary
to tune the plate circuit with a low-loss coil
and condenser combination. An interesting
thing was noticed with regard to the relative
amplification obtainable from a screen-grid
tube with various LC ratios. A one-inch diameter coil form was used with a variable condenser. The first measurements were made
with approximately .0005 mfd. of capacity
tuning the one-inch diameter coil. Only
enough turns of wire were used to have
sufficient inductance to tune to 500 kilocycles.
With a coil of 140 turns of No. 30 enamel
wire on a one-inch diameter form tuned with
.0005-mfd. capacity, a gain per stage of only
fifteen was obtained. A coil of 325 turns of
No. 34 enamel wire was tuned with a few
micromicrofarads to the same frequency and
adata
gain was
of thirty-six
obtained.
the basisto forty
of allwasfurther
workThis
on
Tyrman intermediates.
Finally experimental work was begun upon
tuned primary and secondary circuits. The
first results were discouraging because of the
general characteristics of coupled tuned circuits which produce double-peaked curves.
This led to the measurement of loosely
coupled tuned circuits. It was found that by
just barely coupling the two circuits a result
as shown in the curve insert (a) of Fig. 1.
could be obtained. Then by carefully designing the LC ratio of both the primary and
secondary circuits an actual amplification
in the order of twenty-five to thirty per stage
was possible.
To improve
selectivitywasof employed.
the firstdetector
circuit the
regeneration
Some of the r.f. currents in the plate circuit
of the first detector were fed back to the lower
end of the antenna coil by a small semi-fixed
condenser, Ci, which is adjustable from the
top of the set by a screw driver. Once set it
should not be necessary to readjust it unless
antenna or tubes are changed.

ALL radio receivers
in "80"
use to-day fall into
one of two Tyrman
broad classes,
that group in
which the signal is amplified at the frequency
at which it is received and a second group in
which the signal is amplified at some freThe new Majestic model 71 is a
completely shielded seven-tube
receiver. The cabinet is of "postcolonial"
designis aand
the built-in
loud speaker
dynamic
type

The Radio Dealer's Note Book — No. 1 Interference Filters
ACCURATE summaries of useful information are constantly of value to those radio folk who
deal with the public. This sheet, the first of many such on various subjects to follow, sets
down collected information on interference-prevention devices. The dealer or serviceman can remove this part of the page for his notebook or he can have it photostated in any number of copies.
The electrical noises from oil burners,
battery chargers, heating pads, sign flashers,
vacuum cleaners, dental motors, electric
thermostats, sparking brushes on motors,
etc., can be amplified and detected by a
modern sensitive radio receiver almost as well
as it can amplify and detect the signals from
broadcasting stations. The latter is a desirable
program, the former is certainly undesirable.
As receivers have become more sensitive the
problem of eliminating interference due to
electrical appliances has become a pressing
question of constantly increasing importance.
If general electrical interference cannot be
eliminated by attaching some gadget to the
receiver — the interference must be eliminated
at the source. Fortunately, however, there
are now available a large variety of devices
designed for use at the source of interference
and their installation is a simple problem.
We have listed in the table all the interferManufacturer
Potter Mfg. Co

Dubilier Condenser Corp.
Tobe Deutschinauu Co.

Dongan Electric Mfg. Co.
Aerovox Wireless Corp.
Therm-A-Trol
Advance ElectricMfg.Co.Co.

Type No.
103-03
104-04
105-05
303-03
304-04
305-05
1
2
Junior
22
2311
55
56
60
110
131
132
133
134
135
221
D-207
D-215
IN-24
IN-44

Claroceptor
*Line voltages are a.c. unless otherwise specified.

ence devices on which we have data available
at this time. From the table some idea of the
wide variety of devices available can be obtained but it is not possible here to point out
the many uses to which they can be put, or
the manner in which some of the manufacturers have arranged the devices so that they can
be installed easily and quickly.
The problem of installing interference preventers isthe job of the dealer and serviceman
and data on these devices should be in the
hands of all those who do servicing. As a service to readers, the Editors have arranged
that servicemen may receive complete information on all the devices listed in the t able by
simply writing to the Service Department of
Radio Broadcast and requesting the data on
interference devices. We would suggest that
in all cases a card or letterhead be enclosed
with the request to identify the writer as
a serviceman or dealer.
Price
3.00
$ 2.25
3.75
3.00
3.50
6.50
5.00
7.50
3.50
10.00
15.00
20.00
25.00
20.00
15.00
20.00
25.00
30.00
35.00
40.00
20.00
7.50
5.00
6.50
9.00
7.50
3.00

Line Voltage*
110
110
110
220
220
220
220
110
110
220
220 3 phase
550
550 3 phase
600
110 d.c.
110
110
110
110
110
220
110
110
220
125
110
110

Wattage I

500
1000
2000
2000
400
1000
2000
3000
4000
5000
1000

biasing resistor
In designing the rest of the circuit, provision
was made for obtaining grid-bias voltage for
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each tube. The use of heater-type tubes permitted the employment of individual gridbias resistors which were connected between
the cathodes and ground.
The volume control had to be indeperiaent
of frequency and should not detune the set
or spoil fidelity. The best place for such a
control is before the second detector and by
experiment it was decided the best method
was to increase the grid bias on two of the
screen-grid tubes by varying the biasing resistor, Ri, connected between the cathode and
ground. This resistor had to be so designed
as to be able to give a small amount of bias
at its minimum-resistance position and the
value of resistance had to increase at a uniform rate until maximum resistance was attained in order to get sufficient grid bias at
minimum-volume position or maximumresistance position. It was found that when
the grid bias upon a 222-type or screen-grid
tube was I5 volts the amplification was
greatest, and, as the grid bias was further increased or decreased, the amplification began to decrease. The volume control was,
therefore, designed to have a value of minimum resistance which kept the grid bias on
the two intermediate-frequency screen-grid
tubes at about I5 volts — the best value.
THE AUDIO SYSTEM
The audio of the Tyrman "80' was designed especially for the 227-type tube and the
frequency characteristic of the audio amplifier
is sufficiently wide to give the utmost in fidelity
in conjunction with the 250 power amplifier
and a good loud speaker.
Bypass condensers are an essential part of
the Tyrman "80." It was found necessary
to bypass individually each of the bias resistors. This tended to eliminate the possibility
of coupling through a common grid circuit.
A filter block consisting of six 1-mfd. condensers is provided for bypassing the 150- and 50volt
cuit. B supplies and for bypassing the audio cirIt was „ound necessary to incorporate a
special filter, consisting of a resistance and a
capacity, in the first audio circuit. Without
this filter it was found that at times instantaneous huge drains imposed upon the

Front vieiv of the Tyrtnan Imperial "80" receiver
In order to obtain the amount of current
power pack by the 250 tube (due to overloading) caused plate modulation of the detector
necessary for good regulation and for operating the dynamic-speaker field directly from
circuit and resulted in "motorboating."
the power pack, it was necessary to use two
POWER PACK
281-type rectifying tubes but this was more
than compensated in the increased reliability
The
power
pack
for
the
Tyrman
"80"
was
designed with three ideas in mind, first, low
of
powerbe pack.
Tyrman any
"80"100-volt
power
hum, secondly, plenty of available output,
packthe can
used The
to energize
thirdly reliability. The power pack has a dynamic-speaker field which does not retransformer which can be overloaded onequire more than 45 milhamperes.
The mechanical or chassis design of the
hundred per cent, without causing serious
trouble. Normally, it operates at a tem- Tyrman " 80" makes it a pleasure to wire the
set because no wiring is necessary above the
perature far below the normal temperature
at which transformers of this type are usually subpanel. The fact that all of the grid circuits are returned directly to ground
operated. The voltages delivered by the
secondaries are such that line voltage can
eh'minates
a great the
number
of wires
in the set
vary from 100 to 130 without causing trouble and also prevents
possibility
of interstage
with the set or the tubes. The filament or feed-back due to parallel wiring.
The parts for this receiver are sold only
heater potential is set at 2.1 volts and, although the tubes will operate at 1.9 volts and in kit form by the Tyrman Electric Company.
also at 2.3 volts, this point was found to be the The total cost of a complete set of parts for
most desirable for average conditions.
the receiver and power supply is $199.50.

Fig. 1 — Complete schematic
diagram ofcharacteristic
the Tyrman Imperial
"50" super-heterodyne
receiver.
Insert A: frequency
of if. amplifier
stage.
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MANUFACTURERS'
BOOKLETS
A Varied List of Books Pertaining to Radio and Allied Subjects Obtainable Free With the Accompanying
1.ply, Filament
Control
— Problems
voltage regulation,
effect
on variousof filament
circuits, supand
circuit diagrams of popular kits. Radiall Company.
5. Carborundum in Radio — Pertinent data on
crystal
and information
the
use ofdetectors
resistors.with
The hook-ups,
Carborundum
Company. on
12. Distortion and What Causes It — Hook-ups
ofAllen-Bradley
resistance-coupled
amplifiers with standard circuits.
Company.
17.
Bakelite
—
A
description ofandvarious
uses of
bakelite in radio, its manufacture,
its properties.
Bakelite Corporation
22. A Primer of Electricity — Fundamentals of
electricity with reference to the application of dry cells
to radio. Constructional data on buzzers, automatic
switches, alarms, etc. National Carbon Company.
23. Automatic Relay Connections — A data
sheet
a relay
may be used toCompany.
control A
and B showing
circuits. how
Yaxley
Manufacturing
30. Tube
Characteristics
— A data sheet
giving
constants
of tubes.
C. E. Manufacturing
Company
32. Meters for Radio — A book of meters used
in radio, with diagrams. Burton-Rogers Companv.
33. Switchboard and Portable Meters — A booklet giving dimensions, specifications, and shunts used
with various meters. Burton-Rogers Company.
37. Why Radio is Better with Battery Power —
What dry-cell
to use;Carbon
their application
wiring
diagrams.battery
National
Company. to radio,
46. Audio-Frequency Chokes — A pamphlet showpositionsbe inused.theSamson
circuit Electric
where audio-frequency
chokesing may
Company.
47.
Radio-Frequency
Chokes
—
Circuit
illustrating the use of chokes to keep out r. f.diagrams
currents
from definite points. Samson Electric Company.
48. Transformer and Impedance Data — Tables
giving the mechanical and electrical characteristics of
transformers and impedances, together with a short
description of their use. Samson Electric Company.
Tube tubes,
Reactivator
— Information
on the The
care
of 53.
vacuum
with notes
on reactivation.
Sterling Manufacturing Company.
56. Variable
Condensers
— Atogether
bulletin with
givingtheir
an
analysis
of various
condensers
characteristics.
General
Radio Company.
57. Filter Data — Facts about the filtering of d. c.
supplied
by means
of motor-generator
outfits used with
transmitters.
Electric
Specialty Company.
58. How
to Select
booklet
describing
what, a aReceiver
radio set— is,A. common-sense
and what you
should expect from it, in language that anyone can
understand. Day-Fan Electric Company.
67.let on Weather
for Radio
— A very
interesting
the relationship
between
weather
and bookradio
reception,
with
maps
and
data
on
forecasting
able results. Taylor Instrument Companies.the prob69. Vacuum Tubes — A booklet giving the characteristics ofthe they
variousmaytubebe types
short description of where
used inwiththea circuit;
list of
American and Canadian broadcast stations. Radio
Corporation of America.
72. Plate Supply Systems. Technical information
on audio and power systems. Bulletins dealing with twostage transformer amplifier systems, two-stage pushpull,
push-pull,
other
audiothree-stage
amplifier, push-pull,
plate, andparallel
filament
supply andsystems.
American Transformer Company.
73. Radio Simplified — A non-technical booklet
giving pertinent data on various radio subjects. Of
especial
interest to the beginner and set owner. Crosley
Radio Corporation.
76.
Radio
— A description
various
meters used inInstruments
radio and electrical
circuitsof together
with cal
a short
discussion
of
their
uses.
Jewell
ElectriInstrument Company.
78.
Electrical
— A pamphlet
describing
the use of electrical Troubles
testing instruments
in automotive
work combined with a description of the cadmium test
for storage batteries. Of interest to the owner of storage
batteries. Burton Rogers Company.
81. Better Tuning — A booklet giving much general information on radio reception with specific illustrations.Manufacturing
Primarily for non-technical
Bremer-Tully
Company.set-builders.
88. Super-Heterodyne Construction — A booklet giving full instructions, together with a blue print
and necessary
for building
an eight-tube receiver.
The
George W.data,Walker
Company.
89. Short-Wave Transmitting Equipment. Data
and wiring diagrams on construction of all popular
short-wave
transmitters,andoperating
instructions,
keying,
antennas; information
wiring diagrams
on receiving
apparatus; work.
data on
variety
of apparatusLaboratories.
used in highfrequency
Radio
Engineering
90. Impedance Amplification — The theory and
practice
of a Alden
special Manufacturing
type of dual-impedance
amplification.
Company. audio
95.use Resistance
Data
— Successive
the
of resistorsResistance
in various
parts ofbulletins
the radioregarding
circuit.
International
Company.
98.tion onCopper
Shielding
—
A
booklet
giving
informathe use of shielding in radio receivers, with
notes and diagrams showing how it may be applied
practically. Of special interest to the home constructor.
The Copper and Brass Research Association.
99. Radio
Convenience forOutlets
— A loud
folderspeakers
giving,
diagrams
and specifications
installing
in various locations at some distance from the receiving

set,
also Manufacturing
antenna, groundCompany.
and battery connections.
Yaxley
101. Using Chokes — A folder with circuit diagrams
of the more popular circuits showing where choke
coils
may Company.
be placed to produce better results. Samson
Electric
102. Radio Power Bulletins — Circuit diagrams,
theory constants,
andortrouble-shooting
hintsRaytheon
for units
employing
the BHCompany.
B rectifier tubes.
Manufacturing
104. Oscillation
the "Phasatrol"
— Circuit
diagrams, Control
details forwithconnection
in circuit,
and specific
operating
suggestions
for
using theoscillation.
" Phasatrol"
as
a
balancing
device
to
control
Electrad, Incorporated.

Coupon

Theto Research
monthlyEachbulletin
of 120.
interest
the engineerWorker
and home— Abuilder.
issue
contains special articles on radio design and construction
with
special
emphasis
on
resistors
and
condensers.
Aerovox Wireless Corporation.
123. B terSupply
— Circuit
diagrams,
istics, and list ofDevices
parts for
nationally
known characpower
supply
units.
Electrad.
Inc.
124. Power Amplifier and R Supply — A booklet
giving several circuit arrangements and constructional
information and a combined B supply and push-pull
audio
amplifier,
the latter
using 210-type tubes.
Thordarson
Electric
Mfg. Co.
125.
A.
C.
Tube
Operation
A small supply
but complete
booklet describing a method of —filament
for a.c.
tubes. Thordarson Electric Mfg. Co.
126. Micrometric Resistance — How to use resistances for; sensitivity control; oscillation control;
volume control; regeneration control; tone control;
Two Books of Interest to
detector plate voltage control; resistance and impedance coupling: loud speaker control, etc. Clarostat
Mfg. Co.
Readers of Radio Broadcast
129. Tone — Some model audio hook-ups, with an
explanation
of theElectric
proper Co.
use of transformers and
Radio Broadcast Laboratory Inchokes. Sangamo
formation Sheets (/Vos. 1-190)
130. Screen-Grid Audio Amplification — Diagrams and constructional details for remodeling old
audio
amplifiers
for operation
Thordarson
Electric
Mfg. Co.with screen-grid tubes.
131. The Mershon Condenser — An illustrated
booklet giving the theory and uses of the electrolytic
How Radio Receivers Work
condenser. Ajvirad Corporation.
132. The National Screen-Grid Short-Wave
By Walter Van B. Roberts
Receiver — Constructional and operating data, with
diagrams and photographs. James Millen.
| Ask any newsdealer for Radio Broadcast Dala J
133. The National Shield-Grid Five — A circuit
diagram with
| Sheets or both books may be obtained by writ- 1 receiver.
Jamesconstructional
Millen. and operating notes on this
| ing to Radio Broadcast, Garden City, N. Y. |
134. Remler Service Bulletins — A regular service
Price $1.00 each
for professional set-builders, giving constructional data,
and hints on marketing. Gray & Danielson Mfg. Co.
135.
The information,
Radiobuilderconstructional
— A periodic andbulletin
giving advance
operating
105. Receiving and Transmitting Circuits. Con- data on S-M products. Silver-Marshall, Inc.
136. Silver Marshall Data Sheets — These data
struction booklet with data on 25 receivers and transmitters together with discussion of low losses in receiver sheets cover all problems of construction and operation
on Silver-Marshall products. Silver-Marshall, Inc.
tuning circuits. Aero Products Company.
139. Power Unit Design — -Periodical data sheets on
Tubesand— Operating
characteristics
of an
a.C.108.
tubeVacuum
with curves
circuit diagram
for connection
design, and construction. Raytheon Mfg.problems,
Co.
in converting various receivers to.a.c. operation with a power unit
four-prong a.c. tube. Arcturus Radio Tube Company.
140.
Power
Unit
Problems
— Resistance
112. Heavy-Duty Resistors — Circuit calculations in power units, with informative
tables andproblems
circuit
and data on receiving and transmitting resistances for a diagrams. Electrad, Inc.
variety of uses, diagrams for popular power supply
141.
Audio
and
Power
Units
—
Illustrated
descripcircuits,
resistorsCompany.
for battery charging use. Ward
power Thordarson
amplifiers and Electric
power supplies,
Leonard d.c.Electric
cuittions ofdiagrams.
Mfg. Co.with cir113. Cone Loud Speakers — Technical and practical
142.
Use
of
Volume
and
Voltage
Controls. A
information on electro-dynamic and permanent-magnet, complete booklet with data on useful apparatus
and
type cone loud speakers. The Magnavox Company.
circuits
for
application
in
receiving,
power,
amateur
114. Tube Adapters — Concise information concern- transmitter, and phonograph pick-up circuits. Central
ing simplified methods of including various power tubes Radio Laboratories.
in existing receivers. Alden Manufacturing Company.
143. Radio Theory. Simplified explanation of radio
115.
Set Shall
I Ruild?popular
— Descriptive
phenomena with reference to the vacuum tube, and data
ter, withWhat
illustrations,
of fourteen
receiversmatfor on
various tubes. deForest Radio Company.
the set-builder. Herbert H. Frost, Incorporated.
144. Low Filament Voltage A. C. Tubes. Data on
118. Radio
Instruments,
Circular
"J"
—
A
decharacteristics
and operation of four types of a.c.
scriptive manual on the use of measuring instruments
Arcturus Radio Tube Company.
for every radio circuit requirement. A complete listing tubes.
145.
Audio
Units.
Circuits and data on transformers
of models for transmitters, receivers, set servicing, and
and impedances for use in audio amplifier plate and
power unit control. Weston Electrical Instrument
Corporation.
output impedances and special apparatus for use with
dynamic speakers. Sangamo Electric Company.
146. Receiver Circuit Data. Circuits for using
receivers, and in power units with deIn sending the coupon below, make sure that resistances scriptioinns ofother
apparatus. II. H. Frost, inc.
your name and address are included and arc
plainly written. Also make sure that the listing
147. Super-Heterodyne Construction. Construcof booklets from which you choose is that of
tion and operation of a nine-tube screen-grid superthe latest issue of the magazine, as Radio Broadeterodyne. Set Builders'
cast cannot guarantee the delivery of booklets
151.
The hSecret
of the Supply
Super. Company.
Constructional and
not listed in its current issue.
operation
data onCorporation.
the Lincoln 8-80 One-Spot Super.
Lincoln
Badio
USE THIS BOOKLET COUPON
152. Power Supply Essentials. Circuits and data
on power-supply devices, and descriptions of power
apparatus.
Polymet Manufacturing Company.
Radio Broadcast Service Department
153. The Everready Fidelity Curve. An analysis
of the frequency range of musical instruments and the
Radio Rroadcast, Garden City, N. Y.
human ducedvoice
which shows
(tones
Please send me (at no expense) the following
by a receiver
with anhowaudiotheserange
of 60aretorepro5000
booklets
cycles. National Carbon Company.
list
above:indicated by numbers in the published
154. Amplifier and Power Supply Construction
Manual.grams, andA lists
booklet
givingof several
descriptions;
diaof parts
popularcircuit
amplifier
and power supply circuits. Acme Wire Company.
155. The
four-pageto
monthly
bulletinCustom
containingSet-Builder
information— Aof interest
Name
servicemen and custom set-builders. Clark and Tilson, Inc.
Address
156. Photo-Electric Cells — A booklet describing
(Number) (Street)
the applications,
and characteristics
electric cells. The theory
G-M Laboratories,
Inc. of photo157.
Uses
of
Electrical
Meters
—
Set ofandblueprints
(City)
(Stale)
showing correct use of meters in laboratory
testing
circuits.
Weston
Electrical
Instrument
CorporaORDER BY NUMBER ONLY
158. The Truvolt Divider. A circular describing
Note: Radio Broadcast assumes no liability for
tion.delivery of booklets. All requests are forwarded
ten
circuits.Electrad,
Circuits, lists
promptly to manufacturers who mail booklets direct
and popular
pictures power-pack.
are also included.
Inc. of parts,
to you. This coupon filled out must accompany
159.
Radio
Course
of
Instruction.
A
series of fiye
every request.
R. B. 3-29
lessons designed to teach boys the principles of radio
design and construction. Junior Radio Guild.
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WHAT

IS

A

4lr

m "^HREE years ago a series of articles was published in
-«tC2> I
Radio Broadcast as a result of a serious investigation
I Y|
of the characteristics of the radio vacuum tubes then
■ LA fl on the market. Nearly one hundred tube manufacturers
^**~»H be
senttested.
samplesMany
of their
products
to the Laboratory
of these
manufacturers
have sinceto
demonstrated the fact that they had no business in the tube market
— their names are forgotten. At that time, radio listeners and dealers did not have the means of finding out the characteristics of the
tubes, and probably knew little about what the characteristics
meant if they had been able to obtain them. No one knew how long
a tube was supposed to last, least of all the ultimate user. Then the
market for radio receivers was rising rapidly, but was still small.
And so the data collected in the Laboratory and published in this
magazine not only gave the possible users an idea of how to judge
good tubes, but how to use them intelligently, and — if they desired —
simple methods of measuring their characteristics as well.
To-day the picture is different. Th ere are perhaps a dozen reputable
manufacturers of tubes for receivers and power apparatus — and yet
the market for tubes has increased to a degree never dreamed of by
the forefathers of radio. The tubes made by these manufacturers are
more uniform in their characteristics, have longer lives, and look and
act more like their brothers from other factories. The tube business
is "shaking down;" it is becoming more a matter of engineering and
less of cut-and-try. The names of tube manufacturers we still see on
tube cartons are the names of people who have learned by experience
how to make a good tube.
Now data
the question
Whatfollowing
is a goodpages
tube?is" an attempt to answer
The
presented is,in " the
that question. It is presented for the benefit of radio dealers and
servicemen whose responsibility to the users of tubes is great. These
men are in intimate contact with radio listeners and must daily answer
the question,to "What
tube do
recommend?
interesting
the ultimate
useryouof the
tube too, "forThehe data
oughtshould
to knowbe
what to expect and when his expectations have or have not been
realized. The more the serviceman-dealer knows about the tubes
he sells, the better he can satisfy the demands of the user who wants
long life more than he wants a cheap price.
The data are in a form so that they can be clipped from the magazine and filed in a note book. W e suggest each sheet be mounted on a
heavier sheet in the notebook. This information represents the latest
obtainable data on the best-known tube manufacturers and until
something startling occurs in the tube business, something entirely
unforeseen, the data presented here will be representative of what
these better known manufacturers are building into their tubes.
Answering
the question
" What isof a the
goodtubetubeand" the
involves
factors,
the electrical
characteristics
factortwoof
economics. How long will the tube last?
The characteristics of general- and special-purpose tubes have
undergone no radical changes in a year or more. Whether or not
this is fortunate, we are not prepared to state. It is true that every
reputable manufacturer who is interested in his future is doing his
best to build good tubes, tubes whose characteristics are good when
the user purchases them, and good for a long time afterward. The uniformity in the characteristics, as shown by comparing the data in
the following pages, was not true three years ago. Then there was a
wide disparity between the characteristics of one tube as compared
with a similar type made in another plant. Now a 201A-type tube is a
201A-type tube no matter who makes it.
Standard Tube Types are Similar
the products of the tube manufacES among
fDIFFERENC
of construction, differences of material,
turers are differences
characdifferencesare of packing for shipment, etc. The electrical
teristics much the same no matter what the name of the
tube. But the differences in mechanical construction, in pumping,
and in the choice of materials used are the differences that determine life, the second criterion by which one may judge a good tube.
The first factor, the electrical characteristics of tubes, involves
the manufacturer alone. The second involves both the manufacturer
and the user. The best of tubes will blow up if the proper wires of the
receiver are crossed, or if a screw driver in the experimenter's or enlaboratory orThein best
the serviceman's
power
supply bygineer's
accident.
tube will haveshop
shortfalls
lifeinto
if itsthefilament
or plate is overloaded with voltage. The electrons which make the
radio wheels go round are tireless workers, but their supply is limited.
The best tube will suffer with fatigue if it is forced to work under
conditions for which it was not designed.
Generally speaking, tubes from one of the manufacturers represented in the following pages should last as long as from any other,,
+ march
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and, although there may have been a time when manufacturers deplored the fact that their tubes lasted too long, it is true now that
every manufacturer must make his tubes as good as is possible. Competition takes care of that.
And yet all the responsibility for long tube life does not rest with
the manufacturer. The serviceman who recommends the tube, the
dealer who sells it, and the user who employs it must share this responsibility. The dealer-serviceman's share is particularly great
for it is he who knows whether or not the set-owner is operating
the tubes of his set at voltages recommended by the manufacturer.
It is he who must tell the user not to raise the filament and plate
voltages tracted
until
last "ounce" of signal strength or "DX" is exfrom histheradio.
Importance of Correct Voltage
A TUBE manufacturer is much more familiar with his product than anyone else can be, and when the tube manufacturer
sets the voltage limits which his tubes can stand, the user has
no right to assume a new set ratings for himself and to expect
the manufacturer to replace tubes which seem to have premature
failure of emission. In other words, if the correct filament or heater
voltage of a certain tube is 2.5 volts, the experimenter should not
use
tube 3.0
life.volts nor should he use 2.0 volts and expect long healthy
Let us consider the case of a power tube, a full-wave filament rectifier, for example. It seems natural to suppose that it will last much
longer if we don't overload the filament and such is true. But let us
reduce the voltage across the filament, burn it at a lower temperature,
and see what happens. All tubes lose emission as they get old. Rectifier tubes have a certain lower emission limit beyond which they
cannot hope to keep up with the drain of electrons imposed not only
by the receiver, but by the filter and voltage divider as well. Once
the tube emission falls below this figure, the voltages supplied to a
receiver begin to fall. a.c. hum begins to come up — because the
wave-form of the rectified current is no longer halves of sine waves,
but has a flat-topped form, hard to filter — and the regulation goes
bad because of the increase in effective resistance of the rectifier and
hence of the plate-voltage supply system.
When such a tube is operated below its rated temperature the
supply of electrons is not as great as when the temperature is raised.
This means that the useful life of the tube is decreased, because the
lower limit in emission is reached sooner. The tube is still good, and
probably would continue to supply plenty of voltage if its temperature were increased — but the only safe and economical method is to
supply the heating voltage that the tube needs throughout its life.
Low can the user tell a good tube from a bad one? He must first
of all buy a tube whose name is known to him. It is safe to state
that a purchaser of tubes gets exactly what he pays for, and if he
wants freedom from replacement worries, he should purchase a tube
whose name is one he is sure of, one that is nationally advertised and
sold, and backed by a manufacturer who has a reputation for making
good products out of glass, nickel, and electrons.
A purchaser cannot tell by looking at a tube whether it is good or
not.
rely either
on the tube Itmaker's
uponmust
the
adviceHe ofmust
his dealer
or serviceman.
is certainreputation
that the orlatter
not trick the former into buying "just as good" products on the
supposition that they can get away with it. A dealer who has a monopoly on the radio sales in his community might sell the tubes that
cost the least and had the shortest life, but he could be sure that someone would soon furnish his customers with better tubes — even at a
higher price, and that his short-sighted policy would get its merited
residt.
Theretomerishow good
a practice
town" of
a prospective
cusa tubeinis"gyp
by stepping
on showing
a foot switch
which boosts
the plate voltage while the tube is being tested. Of course, the plate
current will be high, and the customer thinks is he receiving a highemission product. The chances are he is getting somebody's shrinkage.
The answer is to buy tubes from well-known dealers, who safeguard their customers as well as themselves. If tubes get weak, as
indicated
on a time,
reputable
or service
organization's
within a short
look dealer's
at the name.
In the
majority oftester,
cases
it is one you never heard of.
From the dealer's standpoint, the rules for successful tube sales are
but three — 1. Sell only well-known tubes, 2. Insist that your serviceman install these tubes so that the voltage will be correct, 3. Make
sure that the purchaser operates the tubes according to the conditions
the manufacturer recommends.
From the user's standpoint, there are three rules, 1. Buy a wellknown tube, 2. Buy it from a well-known dealer, 3. Operate the tube
at correct voltages.
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THE complete chart of average characteristics
of Cunningham Radio Tubes shown below has
been arranged for convenient reference. In the
section
the resistor
heading values
"Amplification"
tabulationunder
of the
required to isfur-a
the C voltage,
whensource.
this voltage nishis obtained
from orthe grid
platebias,
voltage
The
resistor values required when the filament is operated from d.c. differ from those required when the
resistor is connected to the mid-tap of the filament
winding or potentiometer used with a.c. operation,
being higher in the latter case. When the plate
current of more than one tube flows through the
same resistor a lower value must be chosen. The
values shown for a.c. operation are the proper ones
to use when a single tube is operated from a filament
winding, so that the plate current for that lube
alone flows through the resistor.
The difference in grid1 biasC-327required for d.c. and
28000 1400 14
Plate ResConductance
istance
Mutual
Amplification
? 24,000 S 1200 12
vs. Plate lurrerFactorI
j 20.000 5 1000 g 10
7

0.5 1 0 2.0 3.0 4 0 6.0 80 10.0
PLATE CURRENT- MILLIAMPERES
a.c. operation arises from the fact that with battery
operation the plus C is returned to minus A, while
with a.c. operation the plus C is returned to the
filament mid-tap, so that the actual voltage on the
grid
to the (the
extentfilament
of one-half
of theIndrop
acrossis reduced
the filament
voltage).
the
case
of
type
CX-371A
this
amounts
to
2.5 volts,
so that while the bias required for battery operation
atthis180becomes
volts plate
is 40.5 volts; with a.c. operation
43 volts.

TUBE

DATA

CHARTS-301 A
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Curves showing amplification factor (Mu), plate
resistance (rp), and mutual conductance (Gm),
are
shownillustrations
for types CX-301A,
C-327, axis
and isCX-371A.
In these
the horizontal
not plate
voltage, but plate current, and in order to show the
values at low plate currents, graphs with a logarithmic mscale
used. (as
Assuming
the filaent, is inhave
goodbeen
condition
may bethat
determined
by an emission
test),
it
is
probable
that
the
cation factor is slightly above or below theamplifivalue
indicated on the curve as the average value. This
small variation will not affect the operation of the
tube, but will result in the plate current being slightly
below average if mu is above average, and vice
versa. If the plate current is read under operating
conditions, and the value of plate resistance is found
from the curves, this value will be found to be quite
close to the true reading obtained on a bridge
measurement.
This istheparticularly
trueforof each
Cunningham tubes because
passing limits
type
are so close that all erratic tubes are rejected.
With batteries, all voltages are fixed and do not
vary with plate current, while with a.c. operation
the B and C voltages both vary with plate current.
It is, therefore, more convenient to measure only
the plate current to determine the operating point,
rather than to attempt a measurement of B and C
voltages. The readings of the latter are apt to be

INC.

affected by the current taken by the voltmeter, even
when the high-resistance types are used.
Attention should be called to the filament voltage
for power amplifier and rect ifier tubes In view of the
high voltages and the larger currents involved, operof such values
types isat apt
voltages
cent, below theation rated
to resultunder
in the5 per
impairment
of operating characteristics, and in some cases to lead
to overheating of the tubes due to increased internal
resistance. Conservative operation of such types
will be secured if the tube is operated in the range
between rated voltage and a value 5 per cent,
lower. It is true, of course, that normal life will be
obtained over a wider range of filament voltages,
and also that when the plate voltage used is well
below the maximum value specified for that particular type, a greater reduction is permissible.
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2000
4.0 6.0 8.0 10.0 20.0
3000 * 1.0 2.0PLATE 3.0CURRENTMILLIAMPERES
In operating type C-327 as a detector, an average
value of 2.25 volts will insure satisfactory tube performance, When this tube is used as an amplifier it
should
operated
voltage, and the
range ofbe2.25
t.oj2.6Jjatvoltsa ihigher]
is recommended.
The rating of the CX-380 rectifier tube will be of
particular interest to experimenters who prefer
full-wave rectification. The increase in transformer
rating from 300 volts per anode to 350 volts per
anode will permit sufficient voltage to be obtained,
a low-resistance
filter,to to300operate
atwitha plate
voltage of 250
volts. the CX-350

*

AVERAGE CHARACTERISTICS OF CUNNINGHAM RADIO TUBES

TYPE
C-11S
CX-12
C&
CX299
CX-220
CX-322
CX-300A
CX301A
CX-340
CX-326
C-327
CX -112A
CX371A
CX-310
CX-350
SPECIAL
TYPES
CX 380
CX381
CX 374
CX376
C386

GENERAL
FILAMENT FILAMENT
RHEOSTAT
CURRENT
USE FILAMENT
SUPPLY RECOMMENDATION NOTE 1 TERMINAL
VOLTAGE AMPERES BASE
1.1
C-l 1 Special
Detector Dry Cell 14 V.
0.25 cx i: if sto
Amplifier Storage 2 V- 4 to 6 Ohms
Detector OryCell 4H V.
0.063 C-229Sm Bay't
CX-229Sm.StrJ
Amplifier Storage 4 V. 50 to750hms 3.3
3.3
Small
Power Or) Cell 44 V. 20 Ohms
0.132 Standard
Amplifier Storage 4 V.
Large
0.132
Screen-Grid Dry Cell 44 V. with206 V Ohms
3
3
source
add
Standard
Amplifier Storage 4-6 V. 15-Ohm Resistor)
Large
20
Ohms
0.25
5.0
Storage
6
V.
Special
Detector
Standard
Large
5.0
Detector SlorageGV. 20 Ohms
Standard
Amplifier
0.25
0.25 Large
Detector Storage 6 V 20 Ohms
5.0
Amplifier
Standard
Large
1.5
1 05 Standard
Amplifier Transformer
1.5 V.
5 Prong
2.5
Detector Transformer
1.75 Standard
Amplifier 2.5 V.
025 Large
Power Storage 6 V.
5.0
Standard
Amplifier Transformer 6 Ohms
5 V.
Power Storage 6 V.
0.25 Large
5.0
Amplifier Transformer 6 Ohms
Standard
SV
Power Transformer
1.25 Large
7.5
Amplifier
7.5
V.
Standard
Oscillator
1.25 Large
Power Transformer
7.5
Amplifier 7.5 V.
Standard
BASE
FILAMENT
FILAMENT
CIRCUIT
USE FILAMENT
CURRENT
NOTES TERMINAL
SUPPLY
VOTLAGE AMPERES
2.0
Large
Full-Wave
Standard
Rectifier Transformer
5.0 V Full-Wave
Large
5.0
Hall Wave transformer Hal!Circuit
1.75
or
Full7.5
Standard
Rectifier
Wave-Circuit
Large
75V
'late Voltage
Regulator
S'I'd
Mogul
Standard
Ballast
Tians.Pti.of
65V
for use
Screw Base
Tube
onTrans115-V.line
Ballast
65 V forPn useof
Sid
Tube
Screw Mogul
Base
on 115 V line
Advertisement

AMPLIFICATION
DETECTION
MAXIMUM
ACHATE
AMPLIFIER
C
VOLTAGEIGRJO
BIAS)
4'>i6 MAXIMUM GRID DETECTOR
VOLTAGE
B-VOLTACE D C FILAMENT OPERATION A C FILAMENT OPERATION AMPLIFIER
MAXIMUM
AMPLIFIER
PLATE
CONDUCTANCE
OUTPUT
BBATTERY 0ETECT0R
AMPLICATION (MILLIWATTS)
OVERALL
1V
MUTUAL
(mA)
(OHMS) (MICROMHOS)
425
OVERALL
CURRENT RESISTANCE
HEIGHT DIAMETER ViEGOHMS
440 FACTOR UNDIST0RTED
LEAK VOLTAGE PLAIE CUR
RESISTOR-OHM
C VOLTS RESISTOR-OHM
See
Nole
3
C
VOLTS
See Note 2
90
4.5
2.5
6.6
7
2to5 224 to 45 1.5
43 V 1 V
135
3.5
35
6.6
425
4.5
10.5
15,000
2to5
15,500
45
6.6
16,500 320
1 V'V
301.5 - 'SCREE
19,500 380
67.5
224 to 45 1.5
6.666
2.517
7
90
no) apply
1 3V
16,500
16.5
22.5
20
428
33
1.0
6.5
110
500
135
280
3.3
4.5 ) N GRID VOLT
1354590
4H"
7,700 340
1.5
175
6,600
500,000
lies
shown
dr.
e
charge
conr
Character)
135
290
1.5
loi spat
8.0
ection
300
850,000 430
9.2 1,100,000
3.0
4590
8.0
30,000
1.5
0
670
45
350
4.5
30
GE + 4I - og
1 'V 2to3
135
18.500 200
3.01.5
1.7
8.0
14,000
1.5
2 to 5 45
67.5
90
2.5
10,000 200
3.0)
11,000
8.0
s"
5515
"
"t
j
1
l
4
SEE
NOTE
135
30
03
570
2 to 5
160
18045
0.2 150.000
30
4 "is"
150,000 725
9.0 4
800
135
1.700
■2,000
4 'Sc." l 'V"V\s"
13.5
90
875
2070
6.0
3.5
180
45
135
6.0
5h
8.2
1,500
0.4
1.800
9,400
8.2
0.2
5.5
10,000 1,170
0
9.0
180
l 'V
8.0
6.0
900
3.0
7,400
18090
2.0
7,000 1,100
4 'he" 1 "is" 2 to 5
135
90 2,000
5.0
8.2
1159.0
135
1,050
6.0
7.5
13.5
9,000
1,000
1.5*
4.5
7.0 1,800
8,500 1,000
2,250
9.000
9.0 1.300
120
- 16.0
100
1.300
2 to 5 45
195
1.300
5,300
4,700
4 "is"
1,500
1.350
157.5
135
9.0
i.
fl10.5
1,650
8.0
13.0
300
1,050
180 27.0
10.0
100
3.0
.
too
16.0
157
13.5
1,700
1,600
l 'V
9090 16.5
130
190 1,900
3.0
1,600
4,700
1,700
29.5
1,850
2.000
1,360
9.05,000
7.0
1.650 35.5
8.0
33.0
500
1.400
180
2.150
45
1.700
350
8.0
180
2,200 Uoo
16.0
18.0
3.0
43 0 2,150 200
425
4 "-is"4 "te"1 ,3is"
8.03.0 . 925
340
250 40.5 1,850
12.0
2,500 1.330
280
0: .00
33030
1,800
39
8.0
200
1,500
1,500
1,950
5,150
27.0 1,750
250
3.8
1.600
1,950 45.0
4 "-,6"
5,600 1,600
1,550
300
3.8
35.0 1.700 5463
55.0
350
35.0
1,540
1,800
3.8
22
1,550
3.8
1,900
400
1,300
2,100
8.0
1,400
3170
2.100
700
2,000
450
3.8
2.000
2,350
5,000
900
55.0
MAXIMUM
1,500
1,550
2,100
2 He"
4,650
MAXIMUM
NOTES
OVERALL
1,900
OVERALL
OPERATING CONDITIONS
NOTE-1.
When a more
one tube resisisop- 1,800 total plate current,
2 "4s"
erated from
single than
rheostat.the
HEIGHT DIAMETER
V
tance vSize
alue required
is correspondingly
NOTEsupplied
3. T hewithbiasa c.filament
required bycurrent
a 3,250
tube is
Max. A C Voltage Per Plate
.: 350 V.lr.m s ) reduced.
5H "
specified
permits
voltage
84
Max. Rectified Current - - - 125 mA.
tobereduced
below
rated.
underoperslightly
higher
than
when
the
same
Max. A C Voltage to Plate
700 Vlrm s.)
atingconditions.
tubeisusedon
d.cdueto
thecentertap
grid return . Increase
the d.c.value
by9.0 '
Max. Rectified Current . . . _ _85 mA.
5V
NOTEvoltage2. When
C voltage
from one-half the filament voltage
developed
acrossis obtained
resistor through
/olts
Rated
Starting
Voltage
125
V.fd.c
)
Voltaf Voltage., -np90 V.(d.c)
mps,
whichplatecuirentflows.this
4. The1.5correct
for type
Current in-SHmft
shows correct resistor lor singletabulation
tube. NOTE
CX340is
and 3.0C voltage
voltsrespectively
6H"
it Rating
1.7/ \mps.
When through
plate current
for additional
tubes plifier
when usedCharacteristics
in a resistance-coupled
amflows
the
same
resistor.a
smaller
of
the
tube
Voltas
e
Range
_
_
.
...
_
.40
60
2 3 is"
Curre
size will be required The exact value may then identical with values shown ifare
K
Rating
2
05
olts
Curre
where E is required c voltage and 1 the
eRange_-. 40 60)
5%"2 Me"
Pla,e'«'slt" 'S0.25megohms
be determined as: R(ohms) =,;§^b
6•'a" march, 1929
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RADIO BROADCAST'S TUBE DATA CHARTS — II SYLVANIA PRODUCTS COMPANY
on the Sylvania eighth-ampere general-purpose
THE users of vacuum tubes have a right to expect
RADIO BROADCAST LABORATORY 19000
tubes, the SX-201B tubes, prove them to have as
two things from the manufacturer of the tubes;
good or better characteristics than the average
,.r.ar.;3 o
first the proper characteristics at the start of their
18.000
quarter-ampere
tube ofcurves
the 201A-type.
17,000
life, and secondly a long life. Life tests were made
Some characteristic
of Sylvania a.c. tubes
3A-k
16.000
in
Broadcast's
Laboratory
several
of the heater and filament types are shown in Figs.
makesRadio
of tubes.
The life tests
consisted on
of running
15,000
1 and 2. These data are plotted against heater volts
the filaments of the tubes from a.c. and put14,000
Eh, for the SY-227 tube and against filament volts,
ting 100 volts d.c. from a generator on the plate
Ef, for the SX-226 tube. They show the futility
13,000 i
with the grid left free At the end of each hundred
s
of
running these tubes at voltages beyond their
hours each tube was taken off test and its plate
normal rating, and prove that voltages slightly
resistance and amplification factor measured on a
Eg=
under
rated values will produce practically identical
tube bridge. The amplification-factor measurement
11,000^12.000 0
characteristics. For example, the plate resistance
u\- - Plate 10,000
gave an indication of any change in the internal
(Fig. with
1) of a the
plate potential 10,000
of 90
4.0
arrangement of the tube elements, the test of
s£-0.5
!\ 1
volts
zeroSY-227
grid biasat isa approximately
8000
< 1.0 2.0
9000
the plate resistance indicated whether or not the
ohms when using a heater potential of 2.25 volts;
emission of the filament was falling off.
7000
with the same grid and plate voltages the plate
It is a fact that Sylvania tubes not only had the
6000
resistance is about 8500 ohms at normal heater
Ail, \
correct characteristics at the start of such a life
0
temperature.
test and held them throughout the test, but the
0 1.0 2.0 3.0 1.0 2.0 3.C5000
majority of the tubes tested actually decreased
EF VOLTS EF VOLTS
Fig. 2
slightly in plate resistance, and thereby had a somewhat higher mutual conductance at the end of 1000
hours than they did at the start of the test. Tn other
words the tubes improved. The curve in Fig. 3 shows
the average tube of the lot. Its starting resistance
was
and at the end
1500 hours
when 12,700
the testohms,
was discontinued
the ofresistance
had
decreased to 12,000 ohms or about 6 per cent.
The Sylvania Company makes 19 types of tubes,
including two special detectors, the SX-200A and
the
SX-200B.
an eighth-ampere
detector
tube. The
Bothlatter
are iscaesium
vapor tubes,special
and
get special care in manufacture and test. With each
special detector tube is packed a certificate which
guarantees
distance ofreceiving
range than
anil
more volume"greater
in the reception
weak signals
1.0 2.0
2.5 3.0
HOURS IN LIFE TEST
Fie, 3.
Characteristic
curves
made
in
the
Laboratory
E„ VOLTS
EH VOLTS
any other tubes."
A*
AVERAGE CHARACTERISTICS OF SYLVANIA RADIO TUBES
PLATE mA. GRID VOlTS
FILAMENT
PLATE VOLTS
PLATE
HEIGHT
BASE
TYPE
USE
DIAM.
VOLTS
RESISTANCE
SUPPLY
FICATION CONDUCTANCE
(OHMS)
(Max)
MUTUAL
(Max)
AMPS. DETECTOR AMPLIFIER AMPLIFIER
AMPLIFIER
SOURCE
FACTOR MICR0MH0S
1 'Me
4"/,fi
45-135
Detector
11,000
5.0
8.5
Storage 6 V.
1.0 to 3.0
0.25
SX-201-A Amplifier
20-45
0 to 9.0
4 "/,*
1
'M£
0.125
725
AMPLI45-135
Detector
8.5
725
5.0
1.0 to 3.0
20-45
Oto 9.0
Storage 6 V.
SX-201-B Amplifier
4 Hie
5.0
11,000
Detector
Storage 6 V.
0.25
20-45
SX-200-A Detector
30,000
1%
20.0
1.0-1.5
680
1.0-1.5
Detector
5.0
Storage 6 V.
SX-200-B Detector
20-45
20.0
30,000
4%
0.125
1%"
680
4 'Me" 1 'Me
Semi-Power
Storage 6 V.
SX-112-A Amplifier
A.C.5V.
6.0 to 12.0
90-180
5.5 to 13.0
0.25
5.0
4'y1(
1500
Power
Storage
6
V.
8.0
3.0
5,500
0.50
5.0
SX-171
10.0
to
20.0
90-180
A.C. 5 V.
Amplifier
16.5 to 40.5 2,200
1400
Storage
6 V.
90-180
Power
1
'Me"
1400
0.25
A.C.
5
V.
10.0
to
20.0
5.0
16.5 to 40.5
SX-171-A Amplifier
5:0
1 ,346
3.0
Det-Amp.
2,200
200
30
0.25
Storage 6 V.
SX-240 Res.Coupling
0.1 to 0.3
1.5 to 4.5
150,000
4 7i6" 1 'Me"
135-180 135-180
44 V
i/16" 1 3/le Dry Cells 4.5 V.
45-135
425
3.3
SX-199 Detector
0 to 10.0
Storage 4 V.
20-45
0.06
1.0 to 3.2
Amplifier
15,500
Detector
Dry Cells 4.5 V.
425
6.6
2045
SV-199 Amplifier
3.3
45-135
1.0 6.5to 3.2
Storage 4 V.
0.06
Oto 10.0
15,500
3.3
22.5
1
He
Power
Dry Cells 4.5 V.
3.3
SX-120 Amplifier
0.125
Storage 4 V.
4 'Ms
6,300
135
"
1
'Me
e
M
1
525
3>s"
3.5 to 7.5
SX-226 Amplifier
A.C. 1.5 V.
1.05
1.5
4.5 to 15
90-180
1100
"
4H
1.75
1 'Me
90-180
7,400
3.0 to 7.5
8.2
4'V-,6
A.C. 2.5 V.
2.5
SY-227 Detector
6.0 to 13.5
10,000
20-90
5V
900
Dry Cells 4.5 V.
350
8.2
1.5
1.5
SX 222 Amplifier
1.5
Storage 4-6 V.
0.132
135-180
850,400
3.3
300
5V
A.C. 2.5 V.
650
150
2.5
1.75
SY-222A.C Amplifier
1 'Me"
135-180
5.0
1 'Me"
Amp.
10 to 18
A.C. 7.5 V
7.5
18-35
1.25
SX-210 Power
Oscillator
1600
250-425
7.5
2
'Me
200,000'
28-55
Power
Amp
5,000
8.0
2100
SX-250 Oscillator
A.C. 7.5 V
1.25
45-84
250-450
2 Me"
Filament
Supply
Plate
3.8
1,800
Height6% " Diam.
Use
Model
Amps.
Base
Max A.C. Max D.C. Notes:
Volts
(Max)
7.5
Source
(Max)
mA.
Volts
Where only one set of characteristics is given these apply to
2 Me
the mean or most used values of plate and grid voltages.
"
Half-Wave
\
A.C.
7.5
V.
6
1.25
750
SX-281
Rectifier
2 Me
125
be designated by the following letters.according
will styles:
Bases
300
110
to their
Full-Wave
A.C.
5
V.
Both
Plates
2.0
SX-280 Rectifier
X = Standard Push Type.Four Long Prongs. V= Old Navy Type
6Vl
Four Short Prongs Y = Push Type, Five Long Prongs
5.0
per Plate
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MAKING available for public use (usually in.
advance of other tube manufacturers) each
new development

in the tube industry, CeCo

has won the hearty endorsement

of thousands

of radio

pioneers. This carries with it a great responsibility.
For this reason — the public looks for more than the
usual from CeCo. A superior performance is expected
— demanded.

Accordingly, each CeCo

tube MUST

be as painstakingly fashioned, tested and re-tested as
though it were the sole output of the factory.
We

pledge our continued

support to this policy, as

well as to the policy of experimentation

and research

to improve constantly the performance

of radio tubes.

Write today for the interesting CeCo

story.

Don't miss the CeCo Couriers entertaining program every Monday evening at 8:30 Easterntime (7:30 Central time) over the Columbia
Broadcasting System.

Co*, Inc.
(E>© Manufacturing
Providence
Rhode Island

Radio

are
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bu

Tubes

millions.
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HEALTHY"

FIXED SUPPORTS
Top and Bottom
Give extreme rigidity.
Hold elements in place.
Doubly strengthen grid
and plate.

MICA TOP
Anchors and
ments.spaces
Microphonicelenoises impossible.

HEATER
FILAMENT
Extra heavy. Touches no
insulation. Insures
long life.

INSULATING
SPACERS
Hold heater filament
rigidly inoutplace
touchingwith-

4-PILLAR

OXIDE COATED
CATHODE
Newemission
process gives
at lowhigh
temperature.

CONSTRUCTION
, Anchors elements top
■ andmove
bottom.
They tube
can't
to change
characteristics

THE RAYTHEON
TYPE
(Spacing
Insulators
in contact
tvith not
filament)
Heats sorbs
up expansion
quickly— —posi-abtion of filament
rigidly
fixed — long life

The performance and life of a radio tube are largely governed
by the maintenance of the pre-determined fixed position of
the elements to each other. When the elements (filament,
grid and plate) are shifted — due to weak mechanical construction or vibration in shipment — the life of the tube is
frequently shortened by as much as 75%.
Unlike any and all other radio tubes, the relative positions
of all the elements are permanently maintained in Raytheon
tubes and the fragility has been conquered and eliminated.
Raytheon tubes cost you no more and by longer life, they
should reduce your maintenance cost by one-half. And —
most important of all — their performance never varies.

/Raytheon
RAYTHEON

MANUFACTURING

\
COMPANY,
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FLOATING
FILAMENT TYPE
(No Spacing Insulator)
Qheater
nick heatin
g— b u t
often touches
Cathode
causingPosition
burnout or HUM.
of filament not
rigidly fixed

COVERED
FILAMENT TYPE
(SpacingtvithInsulator
contact
full length,in
of filament)
Slow heating
but filainsulation ment.
wears— Short
out
life

Cambridge,

Mass.

RADIO BROADCAST'S TUBE DATA CHARTS — III RAYTHEON
a positive plate, and so a light beam can
IN THE opinion of tlie Laboratory, one of the toward
single most important steps toward bringing release an electric current from a local B battery.
The
strength
of this current should be proportional
radio reception to its present point of near perfec- to the light falling
on the sensitive plate, the tube
tion is torectifier
be credited
the Raytheon
gaseous
tube towhich
was the Company's
first really should not be microphonic, should be of low elecsatisfactory tube useful in supplying d.c. voltages
trical capacity, should have a high order of sensifrom an a.c. source — and which is to be found
local
batterytivity— that
must is,betheas current
high as released
possible from
with thea given
to-day
of plate
voltage A,supply
as
well inas thousands
in equipment
supplying
B, andunitsC amount of incident light — and must be stable in
voltages.
operation.
The experience accumulated in the Raytheon
The the"'Raytheon
tube,'' rectifier
by which
everyone
laboratories since 1920 in the purification and study
means
125-milliampere
tube,
came
at
an opportune time. The tubes used ranged from
of rare gases made possible the development of such
photo-electric cells. A graph gives the characteristic
24;
of There
the typeis 3GS
also Foto-Cell.
a demand for a tube which has
RAYTHEON FOTOCELL TYPE 3GS
opposite
characteristics
Foto-Cell,
Current — Illumination Characteristics a
tube
which
will
give offfrom
lightthewhen
excited that
by anis,
Glow Voltage,142 V.at 65 ft. Candles
electrical
input.
This
light
should
vary
in
direct
Tungsten Lamp Source I
proportion to the strength of the incoming signal.
The tube must be uniform in illumination, low in
power consumption, and as brilliant as possible.
Such a cell is the Raytheon Kino-Lamp. Under
full-voltage
power of
illumination conditions
which canit supplies
be easily10 candle
and positively
controlled by television signals.
High Power Rectifiers
0 25 50 75 100 125 150 175
ILLUMINATION. FOOT-CANDLES
For years the "S" tube was the stand-by of the
amateur.table incident
The —passing
of thethe"S"Raytheon
tube was a regretbutthatnow
an overworked! 201A-type tube with its grid and has
a new rectifier
has characteristics Company
as shown
plate connected together, to some few special two- on
this page. This looks like an ideal tube for the
element
filament-type
which was
able to stand
up undertubes,
the none
heavyof demand
for amateur and anyone who wants a source of high
electrons in plate voltage supply devices. The Ray- voltage! d.c. secured from the a.c. lamp socket. The
curves show that the tube has a low internal resistube stood upadjuncts
— and soto"Bmodern
eliminators''
becametheonsuccessful
radio lost in tancethewhichtube.
indicates that very little power will be
receivers.
When television began to interest development
Low
internal
losses,
characteristics, highpower
efficiency,
and good
high regulation
output voltages
engineers, there was an immediate demand for
are the advantages of this new Raytheon product
photo-electric
cells.
These
are
glass
bulbs,
not
unlike radio receiver tubes, into which a light can be
as theatRay-S
tube. Itis can
be used
directed. When this light falls upon the sensitive known
high current
high voltage
desired.
For wherever
example,
electrode, it liberates electrons which are attracted at an input r.m.s. potential of 2500 volts, a current
AVERAGE CHARACTERISTICS OF RAYTHEON
TYPE

USE

RAY
X-112-A
RAY227

D.C.
Detector
A.C.
Detector

FILAMENT FILAMENT
VOLTS AMPERES
5.0

0.25

Z5

1.75

BASE
4- Prong
Standard
5- Prong
Standard

'16
MAXIMUM MAXIMUM
HEIGHT DIAMETER
1 '16
13/ »

B
VOLTAGE
45
(VOLTS)
45

DETECTION
LEAK
GRID
(MEGOHMS)
2-5
2-5

MANUFACTURING COMPANY
of 200 milliamperes can be supplied at a d.c. voltage
of 2860, which represents a power of 570 watts.
Receiving Tubes
The Raytheon Company has recently begun the
manufacture
of receiving tubes of the types indi~ 4500

800
0 40 80 120 160 200 240 280 300
LOAD CURRENT IN mA. THROUGH FILTER
cated in the chart. All of these tubes have been
tested in the Laboratory and were found to check
the characteristics described by the manufacturer.
They are distinct, in their method of construction,
and their design will permit the building of usable
and practical tubes of types now considered only
theoretical. The rugged construction also assures
the consumer
of receiving asthe are
tubesachieved
with theinsame
factory.
matched
characteristics
the
TUBES
PLATE
CURRENT
5.5
(mA.)

CATION
FACTOR
AMPLIFI9.0
8.0

MAXIMUM
PLATE
MUTUAL
RESISTANCE CONDUCTANCE
(OHMS) (MICROHMS) ED OUTPUT
(MILLIWATTS)
UNDIST0RT1500
5300
1050
8500

AMPLIFICATION
5.0
C
BIAS
VOLTAGE
B
BIAS RESISTOR
VOLTAGE
FILAMENT FILAMENT
(VOLTS) FILAMENT
ON D.C. FILAMENT
ON A.C. ON D.C. ONA.C.
4% *"%1" /16
4 Prong
135
35
90
6.0
1700
875
20
1500
RAY
AC.
4%
3.0
6.0
8.2
1.05
9.0
900
1100
70
X-226 Amplifier
9400
1.5
Standard
7400
7.5
180
60
13.5
1800
70C3
5-Prong
8.2
9.0
6.0
2000
90
20
1170
AC.
1.75
9.0
9000
135
9.0
1000
65
2.5
RAY-227 Amplifier
10,000
8.2
Standard
6.0
9000
1000
180
140
1
13/
"
13.5
1800
4-Prong
2250
135
1900
10.0
or D.C.
1700
3.0
16.5
2500
90
1200
130
5.0
RAY AX.Power
19.0
1500
0.25
2000
1900
1360
1700
330
5.0
40.5
27.0
9.0
29.5
2200
Standard
X-171-A Amplifier
3.0
2150
180
4-Prong
16.0
135
1300
1500
800
4.5
or D C.
90
2000
30
43.0
4%"
3.0
RAY A.C.Power
20.0
1700
1650
7.0
1600
9.0
0.25
5.0
1600
700
Standard
X-112A Amplifier
8.0
1350
5300
180
7.0
300
11.5
1300
.
5000
5.5
8.0
4-Prong
2050
1200
13.5
4700
2200
1600
1750
400
or D.C. 2.5
1%" 150
16.0
120
27.0
1.5
23.0
10.0
RAY AC.Power
8.0
1500
1400
27.0
3.5
1700
200
900
X-245 Amplifier
Standard
16.0
32.0
1330
2000
1609
38.0
22.0
50.0
4-Prong
3.5
1800
1500
12.0
*%'
or D.C.
340
18.0
" 250
1540
RAY A.C.Power
1750
425
39.0
1.25
1950
31.0
1700
8.0
1550
7.5
925
' '16 1% 350
27.0
5600
Standard
X-210 Amplifier
3.5
1600
5000
35.0
5150
4-Prong
8.0
4%"2 3/i6"
1950
3.8
250
1800
2100
900
20
0
1400
1600
28.0
RAY AC. Power
1.25
7.5
3.8
2000
45.0
63.0
8.0
45.0z%
X-250 Amplifier
Standard
1%"350
2300
3.8
84 J
1500
2100
1800
1900
4600
1
716
"
-11/
"
I6
5-Prong
3/
2
450
Screen
AC.
55.0
"
%
RAY Screen-Grid
5
180
1.5
1.75
3
400
800
Grid75Volts
A.C.22 Amplifier. 2.5
Standard
5 5/8"
500,000
AVERAGE CHARACTERISTICS OF RAYTHEON KINO-LAMP
AVERAGE CHARACTERISTICS OF RAYTHEON
6V4" RECTIFIERS
CANDLE BRIGHTNESS
BASE
SURFACE
MAX.
VOLTAGE OPERATING POWER
MAXIMUM MAXIMUM STARTING OPERATING
MAX. A.C
TYPE
0.14 LAMBENTS Per mA
FILAMENT
CIRCUIT
VOLTAGE
TYPE USE FILAMENT
PER
PLATE
DIA.
OUTPUT
"
DIAMETER
8
/
VOLTS
HEIGHT
3
0.03
AMP.
5 (VOLTS)
USE 4-Prong Std
PER mA.
Kino-Lamp Television
210
10
To
80
AMPERES)
4-Prong
Full
350
0.125
Wave
Standard
150
4-Prong
AVERAGE CHARACTERISTICS OF RAYTHEON
FOTO-CELLS
VOLTS
Full
2
V
2"Dia.
0.350
2
V
LUMINS PER(mA) SENSITIVITY
Wave
MAXIMUM
BASE
Standard
MAXIMUM
USE
APERTURE
350
DIA.
23/h
FOOT
CANDLE
MICRO-AMPS
4-Prong
TYPE
PER
FT.
CANDLE
65
ft.Candies
GLOW
2"Dia.
HEIGHT
Full
RAY
0.125
0,04
5.0 2.0 Standard 67V
2/i6
X-280 Wave
0.003
3
GSS
0.03
23
Television
/i
e
4-Prong Std
4-Prong
RAY
Half
3 VS Television 4-Prong Std
0.085
7.5 1.25 Standard
130
2''/is
0.022
X-281 Wave
3 GS Television
150
0.022
4-Prong
4%
RAY
Half
0.10
3VL
0.082
2.5
0.15
0.250
Television
X-866 Wave
Standard
0.0S2
0.35
6"
Television
0.75
Mogul
Half
3 GLL
GL Television
5%'
RAY-S Wave
3
3000
Screw
0.170
153
Advertisement150
y2"x 1"
57/3'
Advertisement,
672"
march
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Unquesti
the

Most

Complete

Testing
TIE SUPREME is sweeping the country
by storm. Radiotricians aud engineers
everywhere are amazed at its performance, and its already long list of users are enthusiastically proclaiming its superiority. Truly
an amazing instrument; it makes every test that
can be made by all other testing devices combined
and many that heretofore have not been available in any service instrument.

Apparatus
Three Weston Meters
Mounted in Bakelite cases.
1 Voltmeter, three scales of
0/10/100/600, 1000 ohms
per volt.
1 Milliammeter, of 125 mils
and 2J<£ amps.
1 A. C. Voltmeter, three large
scales of 0/3/15/150.

Complete,
Handy
Carrying
Case
The case containing the instrument was designed
after careful study by practical radiotricians of
many years' experience in radio service. Its arrangement ismost complete and convenient — a
proper place for every tool, accessory, part, and
material that a service man might need; even a
swinging tube shelf that affords absolute protection to tubes. A complete set of tools, from
electric soldering iron to screw driver, is furnished,
and of course, all necessary adapters and accessories. Everything the service man requires —
all in one case. And still, due to ingenious design, this case is only 18 x 10 J x7 in., and weighs
complete only 25 lbs.

All instruments
are and
manu-60
factured for 110 volts
cycles. Instruments for other
voltages or frequencies can be
furnishedcrease inprice.
special at slight in-

Send No Money
The SUPREME must sell itself to you on sheer
merit and performance. We are willing to place
it in your handc for actual use in your service
work, and allow you to be the sole judge of its
value. Fill out and sign the following request
for six-day trial.
6

Day Trial
Date
SUPREME INSTRUMENTS CORPORATION
318 Supreme Building
Greenwood, Miss.
Please ship me one Model 400A SUPREME.
Upon delivery of the instrument, I will deposit
with the express agent either the cash price of $124.65
or $38.50 cash and 10 trade acceptances (instalment
notes) for $10 each, due monthly, at my option, subject to the following conditions:
It is agreed that the deposit made with the express
agent shall be retained by him for six days. If within
that time, after testing the instrument I am not entirely satisBed, I have the privilege of returning the
instrument to the express agent in good condition,
with the seal unbroken (.see note below) and all tools
and parts intact. Upon such return and upon the
prepayment of return express charges, the deposit I
nave
madeto with
returned
me. the express agent will be promptly
Signed
Firm name
Address
City
State
Please send three or more trade references, including at least one bank, with this coupon.
NOTE:
The sealscrew
on the
of the instrument
covers the — master
in thepanel
assembly.
It is never
necessary to disturb this, and it does not in any way
prevent or restrict the use of the instrument. Factory
guarantee ceases with disturbance of seal.

Radio

Ever

Devise

Prices and Terms
Under our time payment
plan, the Model 4 00 A
SUPREME can be bought
for $38.50 cash and 10 trade
acceptances (instalment notes)
for $10 each, due monthly.
Cash price, if preferred,
$124.65. All prices are net
counts.
and do not carry dealers' discoHcewa&te
Makes
every A test
V^-iti
< . rw I patiently
, . , i ;. , , , i ] .
You l-»o\r*»
have TTToi+£,.-l
waited long and
for an
instrument such as the SUPREME. It is now
here — at your command for greater accuracy and
thoroughness, bigger profits and satisfied customers.

onThe SUPREME
any
Radio
direct reading ofSetamplifying
STJPKFAfF. will give
tnvf direr!
nmnlifvinff
power
all tubes.of tubes and will show actual working condition of
The SUPREME will play radios with open transformers and will give condenser, choke coil output and capacity
output on radios not wired for that purpose.
Access is provided to all apparatus through pin-jacks.
Tubes, power units, loads, breakdowns, volt- Will test condensers for breakdown. Contains various fixed
condensers from .001 to 2 mfd., a 30 ohm rheostat, a 500,000
ages, all instantly analyzed, peaking condensers,
variable resistance, and an audio transformer, for instant
also modulated radiator. Everything you have ohm
use and various combinations.
ever hoped for is there, all contained in one comIt will give plate and filament voltage readings with or
without load; will test voltage and current of all radios, inpact instrument.
cluding those using tubes such as 210 and 250. It will give
The only self- rectifying oscillation tester in existence.
circuit readings up to 100 volts; plate voltage readings
The exact working conditions of any tube from 1}4 to grid
up to 600 volts; will test output of trickle ehargers, or any
15 volts, including screen grid, heater type, and rectifier
to 9% amps.
tubes, are shown by meter readings; [the only service in- outputWhyup wait
longer? Share in the satisfaction and added
strument that shows output of rectifier tubes on meter.
profits that come with SUPREME ownership.
The oscillation tests from alternating current are made
possible by the exclusive self-rectifying SUPREME Power
Plant. Every radio engineer and service man will appreciate The Sign of Efficient
this feature.
The SUPREME radiator sends out a modulated wave.
Simply plug into A. C. line. No more wasting valuable Radio
time on broadcast stations; always at your service and finer
adjustment assured.
Service
Condensers can be balanced or synchronized — not by
the
former
tedious
methods
—
but
with
both
meter
reading
Radio Owners: Look for
and audible click. Easy and much more accurate.
All continuity tests can be made from socket on either this emblem in your radio
A. C. or D. C. sets, with independent cathode readings.
shop or on the button
The SUPREME heavy duty rejuvenator provides worn or card carried by
scientific method of rejuvenation of any thoriated filament your service man. It is
tube. Will reactivate up to 12 tubes at one time without
removal
service. of dependthe rest. from set. Push a plug — the SUPREME does your ableguarantee

SUPREME

Radio
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DATA

'"PHE
chart onCeCothis line
page gives
the characteristics
of
■*■ thetheentire
tubes.
will show
that
line is complete, ofand
thatA theglance
constants
are
such as experience and engineering has dictated to be
the best for the tubes serving the purposes for which
they were made. In addition to tubes whose names
and uses everyone knows, there are several others
on this list that will need some explanation. For
example, type G is a high-mu tube useful for resistance- alow
nd impedance-coupled
to its rather
plate resistance, amplifiers.
25,000 ohmsOwing
at a
plate potential of 60 volts and at zero grid bias, the
tube will make a good detector. In addition to this
tube, CeCo manufactures a special detector, type
H, which has a somewhat lower mu and a lower
Elate resistance than type G. Both of these tubes
ave a fairly high mutual conductance.
TypewithK an
is aamplification
special radio-frequency
tube,
factor of 12.5amplifier
and a
plate resistance of 11,000 ohms. Under normal
operating conditions, viz, 90 volts on the plate and
a negative bias of about one volt, the mutual con-

ductance is equal or better than the average generalpurpose tube, and naturally enough, a somewhat
greater amplification at high frequencies results.
Type L, 15 is a new power tube, as is Type L45.
At the mental
timetubes ofwerecompiling
only thought
experiavailable,these
and data,
it is not
wise to include data on these tubes. Suffice to say,
the CeCo organization is awake to the necessity of
power tubes fitting into the picture somewhere

CHARTS

500

Leo 0A.O
E ) = 135
g=t>7

— IV CeCo MANUFACTURING

heater-type
operating
a C-bias or inplaterectification tube
detector,
and a asmicroammetor
the
plate
circuit
of
the
detector
which
acts as a vacuumtube voltmeter.
The voltage ratio, Eo/ Ei, varies from about 40
at low broadcast frequencies to about 70 at 1500 kc.
This means that an input voltage of 0.1 volt, after
passing
through the
screen- grid
tube andinputits tocoupling transformer,
became
detector
at 500 kc.
and 4.0
7.0 volts
voltsonatthe1500
kc. the
Fig. C gives an idea of the selectivity of a single
stage as illustrated in Fig. B. The primary of the
transformer had an inductance of 350 microhenries,
the the
secondary
inductance
of 235themmicrohenries
and
mutual an
inductance
between
was about
160 microhenries, giving a coefficient of coupling
of about 0.56. The secondary had a diameter of
about 2 inches and was space wound so that its

nio
BROt
ABO RAT0
DCA ST too.ooo
KY_
\
\
300.000
\
l 1

A
>/\

100 <i 2.0
3.0

/
ioo.ooo

E

0 0
-4 -3 -2 -1

>
0 +1 ■rZ +3

7.0

between
ful tube, the
the present
250 type.171 and the much more powerDespite
the
little
has been doneinterest
with init the
in screen-grid
commercial tube,
receivers,
chiefly because it required a source of d.c. current
for its filament. The chart below shows the characteristics ofthe CeCo a.c. screen-grid tube, the A.C.
22. It is a standard heater-type tube, namely,
one requiring
volts and 1.75it amperes,
because of this2.5construction
does notandsuffer
from
many
of
the
faults
of
the
d.c.
screen-grid
tube.
It is not microphonic, its filament (cathode) is
sturdy and it has copius emission of electrons. Its
plate resistance is 450,000 ohms and its mutual conductance over 700 micromhos under normal operating conditions, i.e., 135 volts on the plate, 67.5 on
the screen grid, and a negative bias of 1.5 volts on
the control grid.
Fig. A gives the essential characteristics of the
tube plotted with reference to the control-grid bias.
To see what the tube would do as a radio-frequency
amplifier, the data in Fig. B and Fig. C were taken
in the Laboratory. The circuit diagram is given on
Fig. B and shows a resistance input of 3.5 ohms, a
transformer coupling the A.C. 22 to a standard

TEST

CHARACTERISTICS

OF

COMPANY

ui 6.0

R \DI0
ADC 73
LAB ORA
/
;.22
BRC
o A roR\ AST / \.1
CeC
1
/r /
I

50
4.0

/

/

/

\
5 kc
E

. c\
Ei:0
290 K
c
115

/
/
12 5 0 i=0.1.2-5 5.0V
10 7.5 50/K.C.OFF
RESONANCE 7.5 10
/ i
/ i low. The input resistance of
resistance was quite
the detector was high since it was an overbiased
tube. As Fig. C shows, the selectivity of such a single
stage varies at the two frequencies 1used. At 1290
kc.
selectivity
such that
5000-cycle
wouldthesuffer
a loss ofis about
3.5 dba while
at 735 note
kc.
the loss would be 4.4 db.
/l

CECO TUBES
TEST DATA AVERAGE

MODEL
NO

SPONDING
CORRETYPE

A

OIA
201 B

USE

F

120
112

FI2A
G

112A
240

Detector
Amplifier
Detector
Amplifier
Detector
Amplifier
R.F.
Amplifier
R.F.
Amplifier
Power
Amplifier
Power
Amplifier
Power
Amplifier
Hi Mu

J71

171

Detector
Output

J 71 A
K

171A

Output

L 10

210

OIB
B-BX-C
RF22
AC 22
E

199
222
222

H

L 15
L45
L50
M-26
M-27
R-80
R-81

250
226
227
280
281

R.F.
Power
Amplifier
Power
Amplifier
Power
Amplifier
Power
Amplifier
A.C.
Amplifier
AC.
Detector
Rectifier
Rectifier

Ad ver ti semen t

A
BATTERY FILAMENT FILAMENT DETECTOR AMP.MAX.
PLATE PLATE
VOLTS
VOLTS AMPERES VOLTS
VOLTS
135
0.25
6.0
45
5.0
45
0.125
6.0
5.0
135
0.06
4.5
3.0
45
90
4.5
3.3
0.132
180
2.5
1.75A.C.
180
4.5
3.0
135
0.12
45
6.0
5.0
180
0.50
6.0
45
180
0.25
5.0
5.0
0.25
6.0
90
180
0.25
6.0
67-90
5.0
6.0
5.0
0.50
180
6.0
180
5.0
0.25
6.0
8.0
6.0
8.0

5.0
7.5

0.25

GRID
BIAS
0.5-9.0

90

-1.5/+75

135
180

15.0-22.5
4.5-12.0

90

4.5-12.0
0.5-5.0

90
60
90

1.5-4.5
16.0-45
16.0-45
0.5-3.0

1.25

425

5.0
2.5

1.0
1.5 AC.

180
250

12.0-35.0
15.0
-33 to-50

7.5
1.5

1.25
1.05 AX.
1.75A.C.
2.0
1.25

450
135

45-84
6.0-16.5

135
350

6.0-13.5

2.5
5.0
7.5

45

90

0.5-9.0
0.5-6.0
-1.5/+45

135

45-90

PLATE
VOLTS
90

750
# march, 1929

90
80
80
90
180
180
250
250

ANCE
MUTUAL
PLATE
GRID CURRENT
PLATE RESISTANCE
(OHMSX MICROMHOS
VOLTS
CONDUCT4.5
(mA.)
900
3.1
900
4.5
9500
3.1
2.8
9500
4.5
400
16,000
-1.5/4-45
-1.5/+75
600,000 666
4.0
400,000

16.5

4.0

4.5
4.5

4.8
0.8

MU
8.5

General Pur.3 Types of Bases
400
6.4
420
3.3

5,000
5,000
25,000

1,600

8.0
8.0
20
14.4

14,000

1,030

3.0

90

2,500

1,200

0

4.8
7.0
15.0

1,200
1,130

3.0
12.5

12.0

2,500
11,000

0
16.5
-50
16.5

15.0
45

3.0
9.0

32
28
3.7

90

6.0

90

6.0
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3.0
125
110

General Purpose

8.5

1,050
440

0

NOTES

Special
Circuits
4 Element
Tubesfor
Last A.F.Stage

7,500

7,000
3,750
1,300
2,100
9,400
11,300

1,600
800

1,100
2,000
1,845
1,800
875
725

7.8
7.5
3.8
3.5
8.2

Res.and Impedance Amplifiers
Hard
Detector
Last A.F.Stage

Radio Frequency
Power StageAmplifier

A.C.on Filament
SeparaterHeater" A.C.

8.2
Advertisement
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SHEETS
'T'HE aim of the Radio Broadcast Laboratory Information Sheets is to present, in a
convenient form, concise and accurate information in the field of radio and closely
allied sciences. It is not the purpose of the Sheets to include only new information, but
to present practical data, whether new or old, that may be of value to the experimenter, engineer or serviceman. In order to make the Sheets easier to refer to, they
are arranged so that they may be cut from the magazine and preserved, either in a
blank book or on 4" x 6" filing cards. The cards should be arranged in numerical order.
Since they began, in June, 1926, the popularity of the Information Sheets has increased sogreatly that it has been decided to reprint the first one hundred and ninety
of them (June, 1926-May, 1928) in a single substantially bound volume. This volume,
" Radio Broadcast's Data Sheets", may now be bought on the newsstands, or from the
Circulation Department, Doubleday, Doran & Company, Inc., Garden City, New
York, for $1.00. Inside each volume is a credit coupon which is worth $1.00 toward
the subscription price of this magazine. In other words, a year's subscription to
Radio Broadcast, accompanied by this $1.00 credit coupon, gives you Radio
The of Editor.
Broadcast for one year for $3.00, instead of the usual subscription —price
$4.00.

No. 265

On

the Byrd Antarctic Expedition Only DURHAM S
are Used! another tribute to
the DURHAM Metallized principle !
— another tribute to the extreme
care with which DURHAM Resistors, Powerohms and Suppressors
are made! — another tribute to
DURHAM accuracy and utter dependability!— read the above letter
from Chief Radio Engineer Malcolm P. Hanson of the Ryrd Antarctic Expedition. In effect he
says, "We are using DURHAMS
exclusively because past experience
has taught us that they can be
relied upon for perfect performance under even the most adverse
conditions." DURHAM
Resistances are available for every practical resistance purpose in radio
and television work from 250 ohms
to 100 Megohms and in ra tings for
all limited power purposes. Used
in leading radio laboratories, endorsed by leading engineers and
sold by leading jobbers and dealers.
Descriptive literature on the entire line of DURHAM products
will be gladly sent upon request.
JUCUJ
jgj METALLIZED

RESISTOR
S
& POWEROHMS
INTERNATIONAL RESISTANCE CO.
2006 Chestnut Street, Philadelphia, Pa.

Radio Broadcast Laboratory Information Sheet

March, 1929

Electrifying Battery-Operated Sets
TT IS much easier and generally more satisfactory
The circuit
a typical A-power
unit a.c.
is given
The oftransformer,
T, supplies
voltageon
to change a battery-operated receiver over to tothisthesheet.
rectifier, R, which feeds pulsating d.c. to the
complete
a.c.
operation
by
the
use
of
an
A-power
unit than by rewiring the set for a.c. tubes; in both filter system where the ripple is removed so that
the current
the output
cases a source of B and C voltages is, of course, filter
system isleaving
practically
pure d.c.terminals of the
necessary. The use of an A-power unit to permit
The arrangement of the chokes and condensers in
light-socket
operation
may
be
accomplished
without rewiring the set, and, if the unit is a good one, the filter system varies in different units. In some
one can be sure that the operation of the set from cases both the chokes are placed in the same side of
the line and three condensers are frequently used
the A-power
essentially
when
it was rununitfromwillthebestorage
battery.the same as inst ead of two.
The transformer, T, is generally provided with
An A-power unit is somewhat similar to a Bpower unit, both of them consisting of a trans- taps on the secondary, as we have indicated, so that
of the
system
for difformer, rectifier, and filter system. The A unit dif- the output
ferent current
drains.
The may
greaterbe thecorrected
output current
fers from the B unit simply in the rectifier and
filter system which must be capable of supplying required from the unit, the higher must be the volttwo or three amperes instead of a few milliamperes.
age impressed across the rectifier.

110V
A.C.

No. 266
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Effect of Room Acoustics
TV/TR. IRVING WOLFF, of the Technical and
Test Department of R. C. A., remarks in an
article
on loud-speaker
measurements (Proc. I.
R. E., December,
1928) that,
"We ducted
arelistening
sometimes
annoyed
after having
contests on a loud speaker,
and having
reached the conclusion that it is pretty good, to find
it unsatisfactory when moved to a different room
or even a different position in the same room. It is,
therefore,
important
when taking
loud-speaker
curves to very
consider
the question
of room
acoustics
and loud-speaker position.
'"Some
of
the
factors
which
may
be
expected
to
have a pretty big effect are:
Room
absorption
characteristics
Room resonances
Position of loud speaker in room
Position of listener with respect to loud speaker.
High frequencies are radiated in a beam. If high
response is wanted the speaker should, therefore, be
pointed and placed so as to cover as large a portion
of the audience as possible. Placing the loud speaker

in a corner or in any kind of a cavity will usually
have a tweenbigthe back
effect ofonthetheloud
response.
speakerTheandspace
wall be-or
other obstruction will act as a resonant chamber
whose vibrations will be excited by the vibrations
of the rear side of the loud speaker diaphragm. It
is impossible to say whether this effect will be
pleasing or otherwise.
It will dependandon whether
the unadulterated response characteristic
the resonance is of such frequency as to supply a
region which is lacking.
broadcasting
wherey
the"Under
range of present
frequencies
transmittedconditions
is cut off prett
sharply at 5000 cycles or below, tube overloading
on a loud speaker which reproduces real high freshow up which
as a roughness,
ver^'
often as aquenciessound
resembles rasp,
a paperandrattle.
This is caused by the generation of harmonics and
combination tones. These added notes show up
particularly badly when they are produced at the
higher frequencies, as there is no true transmitted
sound of the same frequency to act as a mask."

Note: The serial number of Lab. Sheet No. 256, iiPower Output*9 in the January issue was duplicated
accidentally in the February issue by a Lab. Sheet, ''Three Types of Graphs,** bearing the same number. In order to correct their records, readers may assign the number 264 to the sheet entitled ''Three
Types of Graphs."
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.RADIO BROADCAST

Impale
PLUG in a Falck Claroceptor between wall
socket and radio set and eliminate
"static" from motors, street cars, telephones
and electrical appliances. This new improvement by a pioneer radio parts manufacturer
grounds and thus blocks out line interference
noise and radio frequency disturbances. Also
improves selectivity and distance. Requires
no changes in set. Measures just 3 54 x sVi x
2>4 inches. Thousands now all over America
use the Claroceptor for clearer A. C. reception. Get one right away — at radio parts
dealers. Write for descriptive folder.
$7.50 complete with
cord and plug

ADVERTISER-

Perform
that
"adeno
id

operat

ion

CLAROCEPTOR
Built by ADVANCE ELECTRIC CO.
1260 W. Second St.
Los Angeles, Calif.
JOBBERS and DEALERS, GET OUR PROPOSITION
Jenkins

on

your

set

& Adair

Microphone Mixing Panel
TYPE 3-B

» X:' m
For Broadcasting, Electrical
Recording, and
Power Speaker Systems
THE 3-B Mixing
is designed toof accommodate almost Panel
any combination
pickup
circuits up to a total of six. Any three of these
may be pound
made
to
pass
through
the
three
Mixing Controls at the same time,Comand
instantaneous
switching is available for the remaining circuits.
Theser transmitters,
incoming circuits
consist oftelephone
condencarbon may
microphones,
lines orvices, ilow
impedance
phonograph
pickup
npractically any combination. When de-a
single input countcircuit
of extremely
low may
level beis cut
enered, the positions
not in use
entirely out of the system, thus causing no loss
whatever to the weak incoming signal.
The panel is 5/16 black sanded Bakelite, 19
in. wide
12-2- isin.shown
high. inDetailed
tion andand
circuit
bulletininformaNo. 7,
which we will be glad to mail to you. The net
price in the U. S. A. and Canada is $275.00,
F. O. B. Chicago.
J. E. JENKINS & S. E. ADAIR. Engineers
1500 N. Dearborn Parkway,
Chicago, U. S. A.
Send for our bulletins on Broadcasting
Equipment

rs,
oids"
forme
"aden
those
the trans
out or
E inferi
TAK
which make your set sound as if
it were afflicted with a bad case
of adenoids . . . Then put in their
place, the standard of excellence
in Audio Transformers — AmerTran DeLuxe.
Ever hear a child talk before and
after an adenoid oper- elation? Well, if you I
have, you will appre-

AmerTran products are built
exclusively for the purpose of
achieving realism in tone. It
cannot be done cheaply, or
haphazardly. AmerTran's 30
odd radio products all play
their definite part in producing the finest tone known
to radio.
Bf"***
Why not perform that
ma

I
(|

ciate the difference [.'•■
AmerTran transformers will make in any set.
AmerTran
De Luxe3.— 2nd1st
stage turn ratio,
stage turn ratio, 4. Price
each $10.00.

"adenoid operation"
today? See your dealer
or write to us. Ask
for
Bulletin No.
1084.

AmerTran
AMERICAN TRANSFORMER COMPANY
Builders of Transformers for more than 29 years
72 Emmet St.
Newark, N. J.
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Power in Broadcast Harmonics
A BROADCASTING station is assigned to a
"In this respect, as in many others, 3xn, the
development of our Laboratordefinite frequency by the Federal Radio Com- latesties,broadcasting
marks a new level of attainment. The transmis ion. In the operation of the station it is essenmitter has a power input into the antenna system
tial that the major part of the radiation take place
within 500 cycles of this assigned frequency. Since, of 50 kilowatts for the carrier wave alone, and the
however, for reasons of economy, the oscillators at instantaneous peak power during the broadcasting
the transmitter are generally overloaded rather of a program may reach 200 kilowatts. And yet
than underloaded, it is always found that they with all that power in the carrier wave, the amount
the second harmonic allowed to escape would not
generate, beside the fundamental frequency, a con- oflight
the tiniest incandescent lamp made. To be
siderable amount ofoperating
energy aton harmonic
cies. A transmitter
a frequencyfrequenof 500 exact,
it is less than 0.005 watt and represents
kilocycles will generate energy at 1000 kilocycles wave.
about one-ten-milliouth of the power of the carrier
so that the program could be heard on both of the
channels — and, of course, it is probable that the
a purity
(lackandof harmonics)
of 80
95 per cent, can
be readily
cheaply attained.
1000-kilocycle wave would produce interference to "Ordinarily,
with a station assigned to that frequency. Some To carry this to 99 per cent, costs considerably more
method must, therefore, be used to suppress the and to carry it to 99.9 per cent, many times as
harmonics since, if they are permitted to get into
extentlefttolargely
which tothethepurification
the antenna, they will cause interference in other much. outTheis now
designers isof carthe
broadcasting channels. The greatest interference is radioriedtransmitter,
and they look upon it as an
caused in the channel corresponding to a frequency economic balance between the job that they would
twice that on which the station is authorized to
to do and the cost of the equipment that can
operate. In the August, 1928 Bell Laboratories Record like
be justified. The more powerful the broadcasting
the following interesting remarks were published transmitter, the more important becomes the
relative to the suppression of harmonics from one problem of attenuating its harmonics, and the
of
the experimental
stations operated by the Bell greater the care which must be bestowed upon its
Telephone
Laboratories:
harmonic filters."
Individual Instruction Cards
for testing
Factory-Built Radio Sets
An Added Service of the

No. 268

Mathematics of
'T'HE tuned circuit and its characteristics are
important. Therefore, in this sheet are presented
a few of the mathematical expressions concerning
such circuits.
The siscurrent
(I) flowing
around
a circuit
conting of a coil and
a condenser
connected
in series
may be determined by the following formula:
Ei
(1)

WESTON MODEL 537
A.C. and D.C. Radio Set Tester
npHESE Instruction Cards, by
covering the specific testing
requirements of individual receivers, make the Model 537 a still
more useful test set for the service

where

They save the service man's time
,by giving a complete outline of
procedure for testing the principal
makes of factory-built sets and, in
addition, give the socket voltages
and tube plate current for every
stage throughout the set, as well as
the comparative grid test on the
various tubes.
The Model 537 is designed to
meet the service requirements of
every type and kind of radio receiver. Its use, however, is reduced
to still greater simplicity when
testing any particular make of set
in conjunction with its individual
instruction card.
Write to us and we will be pleased
to acquaint you with full particulars. Or, better still, address your
inquiry to your radio jobber, supply
house or our nearest representative— and ask for a demonstration.

(2)
At resonance the energy stored in the condenser is
cEJ
2

the Tuned Circuit Eg=IVc
where Eg is the voltage across the condenser.
The energy in the coil is LP
4)
2
(5)
and if the resistance is small in comparison with ti>L
then the energy is equal in both cases and
Eg

whence

= current in amperes
= voltage induced in the circuit
= resistance of circuit
= inductance of coil in henries
= capacity of condenser in farads
= 2xtimesthefrequencyincycles

At resonance &>L equals ^ and equation (1)
is therefore reduced to

(3)

(6)

The last equation indicates that the voltage.
Eg, across either the coil or the condenser is proratio ofcircuit
L to may
c. be defined as the
The gainportionaloftothea tuned
voltage, Eg, generated across thetoLcircuit divided (7)
by
the voltage, Ei, induced in the circuit.
Eg = (2)IwLwith (7) and solving
and combining equation
for the gain, we have
(8)
Gain =
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Importance of Bass Notes
CUPPOSE that a certain note on the piano is
^ sounded
the studio ofof athebroadcasting
tion and theincharacteristic
radio circuitsta-is
such that the fundamental frequency of the tone is
not transmitted but all the harmonics are. Even
though the frequency of the fundamental never
even reaches the loud speaker, if all the harmonics
are reproduced we will be able to tell what note
was
It isto a apeculiar
characteristic
the
humansounded.
ear that
considerable
extent itof can,
in some manner, supply to our consciousness
many of the fundamental frequencies which are
not reproduced by an ordinary radio system.
The fact that t he ear is capable of supplying missing fundamental frequencies under some conditions
does not mean that it is not worth while to design
the radio system so that it is capable of reproducing
them. The results would be much better if the fundamental were transmitted— this may be proved

WESTON ELECTRICAL
INSTRUMENT CORP.
604 Frelinghuysen Avenue
NEWARK, N. J.

, INSTRUMENTS

I
Ei
R
L
c
<i>
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easily
by playing
same note
on the aspiano.
The
difference
would the
be quite
noticeable
the true
note would sound much richer and be somewhat
lower
The qualities
the note
lackedbe
when inthepitch.
fundamental
was which
eliminated
would
quite evident and the advantages, of designing a
radio system to transmit the fundamentals of all
the audio frequencies, of obvious value.
Since there is a large group of instruments in an
orchestra — the trombone, 'cello, double bass, bassoon, drums, etc. — which sound many notes
that are low in frequency, say below 150 cycles, it
would seem that just as these instruments are
essential in an orchestra to give correct balance,
so
the reproduction
of the forfundamental
of their
notes is essential
good quality.frequencies
Imagine
a symphony orchestra with all of these instruments
lacking! produce
However,
it
is
usually
unnecessary
to renotes below 60 cycles.

announces:
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Cxemcliest
To radio's
value Crosley
Crosley introduces
now adds STYLE.
perfection of radiogreat
reception
FASHION.To Chinese
Chippendale is the motif. Three popular, smart, stylish colors
afford your trade a splendid choice. Mandarin Red, Nanking
Green and Manchu Black. All gold trimmed.
The size of this chest is stylishly right. Not too big. Just
enough color to complete the furnishing of any room.

9

In it is built the famous Crosley AC Electric GEMBOX
and the Crosley dynamic type power speaker DYNACONE.
The same cabinet with the Crosley 8 tube SHOWBOX built
in sells for $114. Prices quoted do not include tubes.
Radio excellence! Decorative smartness! Color harmony!
See other side of this announcement for complete line.

Price Correction
After
the black
printingon
this sheet,
analysis
of manufacturing costs made it
possible to reduce prices on
the Crosley Gemchest and
Showchest described on the
reverse side of this sheet.
The price on each model
has been reduced $5.00.
NEW PRICES
GEMCHEST
394
SHOWCHEST

$109

The

New

JEWELBOX
8 tube
Power detector, tuned antenna circuit, UY-227
tubes in all sockets except output and rectifying.

$105

"The finest radio money can buy."
Add to these features other improvements such as NEW
Power detector makes use of plate rectification instead
of grid rectification as commonly used in radio. Result:
volume control, improved audio system, full voltage supancing.
ply, no power pack trouble and genuine neutrodyne balover-loading prevented and tone improved.
Tuned antenna circuit creates selectivity and sensitivity
to a degree of quality never before attained.
Sell this great value — be in radio profitably in 1929.
By use of UY-227 type tubes, except in output, filtering
Write
us for address of nearest Crosley jobber.
of circuits is improved.
CROSLEY

CROSLEY

8 Tube

Line for 1929

SHOWBOX

Strongest in the
Industry

$80
This famous, finely balanced neutroreceiver degree
— sensitive
selectivein
todynea marked
is alsoandavailable
a new black wrinkle finish brushed with
white gold as well as the popular brown
and gold finish.
Features of the SHOWBOX are FULL
VOLTAGE
audio platescondenser
— perfectedin
MERSHON onElectrolytic
power pack which will not break down
— push-pull dial
amplification
— modern
illuminated
and many others
found
in sets at twice its price.
Crosley dynamic type power
DYNACONE $25

THE CROSLEY RADIO
CINCINNATI, OHIO
PowelCORPORATION,
Crosley, Jr., Pres.
ntana. Wyoming, Prices
Colorado,
New
Mexico
and
West
quoted are without tubesprices slightly higher.

Lowest priced FIRST CLASS AC
electric radio on the market — The
GEMBOX at $65. Unusually sensitive and selective. Genuine neutrodyne and operates power speaker.
Crosley battery type sets are same
insuperior
Crosleyneutrodyne
AC Electriccircuits
sets. as found
6 tube BANDBOX — operates power
tpeaker — $55.
5 tube Dry Cell BANDBOX, Jr., for
places where battery recharging is impos ible— operates loud speaker — $35.
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BUILT
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ADVERTISER

BETTER
AND RESISTORS
Both

BYRD

and

WILKINS

Eliminate
Choose
Man-Made
HAMMARLUND

Static
Radio listeners all over the country are
finding welcome relief from the innumerable
line noises caused by motors, elevators, refrigerators, oilburners, bells and other electrical appliances by using Aerovox Interference Filters. These units are also effective
in preventing disturbances from electrical
appliances from being applied to the electric
lines. Detailed information will be sent
gladly on request.
™ith illu
and8trade-"
A COMPLETE CATALOG Hons
tailed descriptions may be obtained free of
charge on request.
The Aerovox
Research
Worker is a
monthly publication that
will keep you abreast of the latest radio developments. Your name will be put on the
mailing list free of charge on request.
AEROVOX

WIRELESS

CORP

^Um^ti.lJ.lll.M.|iJlJ.W.AJ/-N
^ry PRODUCTS THAT endure v™/

Potter
Condensers
'HE selection of
leadingfacturersmanufor the
finest radio receivers.
Insure the operation
of your radio set or'
T
power amplifier with
Potter condensers,
which are known for
their Quality — Uniformity — Long
Life — Economy.
T90(in Condenser Block for the single tOA ftft
-£3UU 250 type tube amplifier «p£U.UU
TOQCA Condenser for the push-pull
-£«/«JlF 250 type tube amplifier $22.50
T9AQC Condenser Block for single $9A AA
-£U»0 2IO type tube amplifier $£U.UU
T40A 171 Condenser Block for fflO Art
-£OU-lll power tube
pack rectifier.
with 280 type "PlO.UU
Potter Interference
Eliminator
Enjoy radio broadcast programs
normally spoiled by interference
from oiltors, fans,
burner,
machine
movioleticerays,
vacuum
cleaners, etc.
Remedy:ferenceconnect
Eliminator 104-04
to theInterline
circuit at the point where interfering device is connected.
Price $3.00
The
Pottei?
North Chicago, Illinois
A National Organization at Your 8*rclce

Condensers

"Ruggedness
and
Simplicity
"TPHE WORLD'S most southerly radio station works perfectly," states Carl
Petersen, Radio Operator of the Byrd Antarctic Expedition, according to
The New York Times.
Heintz and Kaufman, the builders of the Byrd and Wilkins' radio equipment, as
well as that for the record-breaking aeroplane "Southern Cross", selected Hammarlund condensers "on account of their ruggedness and simplicity" — crashproof
qualities — not easily made inoperative in case of accident.
Every radio product of Hammarlund make — condensers, coils, chokes, drum dials
— has the unfailing virtues of endurance and superior performance which make
them the first choice of experts the world over.
Write Dept. RB3 for Descriptive Literature
Hammarlund

Manufacturing
Co.
New
York,
N. Y.
424-438 W. 33rd Street
3<yu Saita*. Radio'
arlund
amm
PRECISION
PRODUCTS

HOOK-UP

WIRE

"The Braid Slides Back*
At All Dealers
25 Feet Stranded
35c
25 Feet Solid
30c
Red, Green, Yellow, Blue, Black
name and address of your dealer
and we will send you a sample package of
Braidite FREE. Include ioc for postage.
FREE Send us the
CORNISH WIRE CO.
38 Church Street
New York City
JULBJLBJLSJLi — • march, 1929
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"OORFit standard
every radioelectrical
need, inswitch
brushedor outlet
brass orbox.Bakelite.
Single
plates and in gang in many combinations.
No. 135— For Loud Speaker #1.00
No. 136— For Aerial and Ground
1.00
No. 137 — For Battery Connections 2.50
No. 138— For A C Connections 1.00
(Bak;lite, 25c additional per plate)
At Your Jobber's
YAXLEY MFG. CO.
Dept. B, 9 So. Clinton St., Chicago, 111.
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Tubes

Formulas for Power Output
'"THE
power output
a tubecanis de-1 fined undistorted
as the maximum
power ofwhich
be
supplied to a load without introducing more than
five per cent, distortion due to the curvation of the
tube's
characteristic.
been determined
the maximum
amount Itofhasundistorted
power isthat
obtained from any given tube when the load resistance
equals twice the plate resistance of the tube. The
power output can be computed from the formulas
(1)
when
P = power in milliwatts
u = amplification constant
Egr = r.m.s. value of signal voltage on the grid
Bp = plate resistance
If peak values of a.c. voltage oii the grid are used
instead of r.m.s. then the9 Bpformula is:
KM

For use
with Fada 110,
Radiola 16, 18. 41,
Stromberg Treasure Chest,
and many other sets.

TUBADAPTA
eliminates the blasts and unnatural noises
of full Volume reception. Output of
receiver is practically doubled, with absolutely no distortion. A simple means
is provided for using.
2

Tubes
in Parallel
in last audio socket. This reduces the
impedance in the power stage, resulting
in much better reproduction of the
ordinarily "hard-to-get" low notes.
The Lynch Tubadapta can be installed
by anyone in ONE minute, and retails
for only $2.50. If your dealer cannot
supply you, let us know, and we will tell
you where to get it.
Other LYNCH

when Egp = peak value of signal voltage on the
Both of these formulas are calculated for the
condition that the load is twice the plate resistance
— the condition forBpmaximum undistorted output.
These general formulas can be simplified if applied specifically to the various power tubes in
grid.
use, fied
and formulas.
the table
this sheet
gives these
For on
example,
the power
outputsimpliof a
I12a is equal to 2.86 times the square of the r.m.s.
value of the a.c. voltage on the grid of the tube.
The column Bp indicates the plate resistance used
in calculating the simplified formulas.

Type171a
of Tube
112a
210
250

Power in Milliwatts
Peak
B. M S.
5000
2000
5000
1800

(2)

(uEgp)''
No. 271
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22..8866
1.78

EEgg52
Eg2

0.5
1.43
1.43
0 .89

Eg2
Eg2
Eg2
Eg2
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Eg*
Test for a Faulty Push-Pull Amplifier
tions consists of placing a meter in the C minus
SEVERAL letters have been received recently
by the Laboratory relative to the operation
lead to the push-pull stages to determine if there
is any grid current. The location of the meter is
of push-pull
amplifiers.
Evidently
men, quite capable
of servicing
any some
ordinaryservicetype shown in sketch A. Under normal conditions
of amplifier, are frequently unable to repair the there will be zero current in the grid circuit but
push-pull amplifier that does not give good qual- if the circuit is oscillating several milliamperes
ity but which is wired correctly, uses good appa- may flow in the grid circuit. If such a test indicates
ratus, and employs tubes that take normal plate that an amplifier is oscillating, then one or both of
current. The trouble is generally due to oscillations the following remedies must be applied.
The first thing to do is to connect a 50,000-ohm
in the push-pull amplifier but to detect these osresistor in the common C-minus lead at the point
cil ations itis necessary to apply to the push-pull
amplifier a somewhat unusual test.
indicated
as " A " in sketcha condenser.
B; this resistance
should
The in
fidelity
The test which is necessary to detect the oscilla- not be bypassed with
will not be affected
any
manner by the inclusion of
this resistor in the circuit but
it is practically always effecions.
tive in suppressing the oscillaIn some cases a second change
may have to be made to suppress
completely
the oscillations. If the
resistance
is not
entirely effective, a choke coil,
such as might be used in a
B-power unit, may be connected at point
B. A choke
coil "C"
must inbesketch
used
here instead of a resistance
because of the loss in plate
voltageducedwhich
would be proby a resistance.

Products
No. 272
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Importance of Correct Filament Voltages
MetfAlized Resistors. Dependable, permanently accurate, noiseless.
Leak-Proof Mountings. Single or double, of
genuine Bakelite.
Grid Suppressors, for radio frequency circuits
to stop oscillation and improve recept on without
broadening tuning.
Filament Equalizers. Used in filament circuits
to keep the filaments at their best operating points.
It will pay to send for 40-Page Free Booklet,
"Resistance, The 'Control Valve* of Radio,"
ARTHUR
H. LYNCH, inc.
1775 Broadway (at 57th St.) New York

THIS
Laboratory
information
on the Sheet
subjectsupplies
covered additional
in Sheet
No. 254 published in the January issue. The latter
sheet suggested the use of somewhat lower than
rated voltage on the filaments of 226- and 227type a.c. tubes. The information which follows
from R. M. Wise. Chief Engineer of E. T. Cunningham. Inc., points out that the use of lower
than rated voltages is not to be recommended
generally.
"Intain using
new very
tubes,satisfactory
and particularly
tube types,
operationwithwillcer-be
obtained
at
considerably
reduced
voltages.below
How-a
ever, we find that reduction of the voltage
certain point has little beneficial effect on tube life,
and in some cases may shorten it due to the fact
that the coated filament at times loses its activity
when operated at very low temperatures.
"As will
an example,
we find performance
that average new
tubes
give excellent
belowc-327
2.0
volts, yet the emission life of the cathode at this
temperature is not as satisfactory as is the case
when it is operated at, or near, rated voltage.
"The with
c-327all ofheater
has while
been
chosen
these voltage
factors inrating
view, and,
for detector service we find it advisable for a time
to recommend 2.25 volts, this recommendation has
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never been extended to the operation of the tube
as an amplifier.
an amplifier
we consider
preferred operatingAsrange
to be from
2.4 to 2.6thevolts,
while as a matter of fact it will show satisfactory
operation over a wider range of voltages. This
recommendation has also been extended to include
tubes used for detector service.
" It is particularly important to operate power
and
rectifier
withinvalue.
a range
+ or — of5
per cent,
from tubes
the rated
Severalof instances
unsatisfactory operation of type cx-350 have been
traced to operation at 6 volts. In each case satisfactory operation was obtained as soon as the filament
potential was raised to 7.5 volts.
"It is trueacteristicsthatwhen thetheretubes
is notaremuch
changesomewhat
in charoperated
below rated voltage. This holds for new tubes, but
the question of maintaining uniform emission
throughout
life of the mentioned,
tube is an important
factor, and, asthepreviously
this is best
realizedages.byThereoperating
tube close that
to rated
is addedtheadvantage
whenvolt-so
operated a moderate change in emission will not
affect operation, due to operation on or below the
knee of the saturation curve, while if operated at
reduced voltages a similar change in emission will
result in impaired performance."
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ADVERTISER.

"Almost as Good as a

VICTOREEN"
The greatest Compliment That
Can Be Vaid Any Radio Receiver
The selectivity, sensitivity, tone quality
and reliability of a Victoreen is positively
unsurpassed
by any "production" receiver on the market.

There

Short Cuts To Quality
engineering, materials and workmanship.
IF YOU demand from Radio the beautiful natural reproduction now possi- Dongan Parts — acknowledged as the
ble with modern power tubes and the Standard of Quality — have always been
proper Parts then you must buy or built to give superlative results. You
can be confident that a set properly built
build a Receiver properly designed from
Dongan Parts will give you thf
the very finest Parts. There is no short with
best that Radio can offer.
cut — Quality demands the finest — in

Victoreen Parts Are The
Standard of Quality
There is no real substitute for them, and
for what they do. Victoreen developments
are continually in advance of the times,
yet they never are offered to the public
until the most exhaustive tests have
proved their merit.
The heart of the new Super Heterodyne circuit
is the Victoreen Super Transformer, vastly improved
for
tunedIn and
matchedthe tocircuit
a precision
of -3-of
one 1929,
per cent.
addition,
itself contains
improvements far ahead of its time.
Complete Kits Available
Either A. C. or D. C.
Blue Prints and Assembly Instructions Are
FREE. Slate whether You Wish A. C. orD. C.

$13.50
For Use with
UX 250 Tubes
No. 7568 Transformer for full wave rectification
using 2 UX 281 tubes to supply B and
C power to receiver and power for 2
UX 250 tubes.
$13-50
No. 85 2Q Transformer similar to No. 7568 with
the addition of 2 low voltage windings,
one for 226 tubes and the other for
227 tubes so that you can build a
power amplifier for either radio receiver or phonograph pick-up. $17.50
No. 6551 Double Choke, for use with above
transformers. $15.00
D-600
Power Amplifier Condenser $16.50
Unit.

GEO. W. WALKER
COMPANY
Merchandisers of Victoreen
Radio 'Products
2825 Chester Avenue
Cleveland, Ohio

Dongan
Parts
are Standard
in many

D-307 A Condenser
Block, used in connection with D-600.
$10.00
No. 1 1 77 Straight power Amplifier Output
Famous
Transformer.
$12.00
No. 1 1 76 Same as No. 1177 but of Push Pull
type.
$12.00
Receivers
Please Mail Item Checked C. O. D.
Please send Detailed Information.
Send 20c for copy of Duston AC Manual.
Name
Address
DONGAN ELECTRIC MFG. CO.
2991-3001 Franklin Street
City
State.
Detroit
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FROST APPROVED
A. C. SWITCH
Single
hole mount
volt
A.C. Snap
Switch.110Tested
to 2 50 volts,derwriters'
3 amps.
approved. 75c.Un-

Ci
FROST GEM
FROST BAKELITE
RHEOSTATS
RHEOSTATS WITH
Made to deliver a service
D. C. SWITCH
that
not usually
expected
from islittle
rheostats
like Cleverly mounted German
these. Mighty
battery switch
rheostats,
takinggood
up little
little silver D.C.attached
to Bakespace and supplied either is firmly
lite
panel
on
plain
stat, affording back
quick ofonrheoand
Easv orto with
solderD.C.to. switch.
Plain,
off
control
of
filament
:r,c With switch, $1.00.
rent. 2 to 75 ohms. $1.35.curHERBERT H. FROST, INC.
Main Office and Factory: ELKHART, IND.
Chicago
San Francisco

No

No. 7568

THE

FROST VOLUME
CONTROL
Gives complete,smooth
steplesscontrol
and
wonderfully
of volume and oscillation.
Wearproof
arm. Bakelite roller
case andcontact
dust
cover. J2.00 and $2.25.

Are

A T Z JR

£M/

Radio

broadcast

JUf / tion
Gentlemen
: rlease
enter my subscripto RADIO
BROADCAST
for two
$6.00of
iu" years a1 llu' special rate
MtF/
Qj*
$2.00 on the regular subsavmSion me
JBr'// script
Si • ■\J?99\J 9JHB
^771 tmm
price.
^liy
/ (If you are already a subscriber your
Mm / subscription will !>c extended for I wo
^U'/
full years front date of expiration.)
JBrf Name
Address

City...
State
/JBT
/i'l A II j
No
order
can
be
accepted
unless
the
clas/MB
r
— ■ ^
sification to which you belong is checked
P/
Manufacturer □ Technician □ Engineer /^mmr
M B M B M /m
FY □ Radio Dealer □ Service Man □ Set Builder /JjLW
M \ F M W /» M
' (Other Occupation)
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RADIO BROADCAST
BOOK
Whatever
Want

to

You
Know

about RADIO — principles,
methods, apparatus — you
will find instantly in
THE
RADIO
MANUAL
A Complete Course in
Radio Operation
In a Single Volume
A Handbook for
Students
Amateurs
Operators
Inspectors
For the first time an
entire course of trainins 'n one
book — and
the
most
complete
up-to-date
work on
radio. Developed
simply
clearly
from the and
elementary
stage right through
all phases of principles, practise, and apparatus so that a beginner
no knowledge withof electricity
may get all he needs either for
amateur operation or to qualify
for ator orgovernment
inspector. licenje as operaPrepared by Official
Examining Officer
The author, G. E. Sterling, is Radio Inspector
and Examining Officer, Radio Division, U. S. Dept.
of Commerce. The book has been edited in detail by
Robert S. Kruse for five years Technical Editor
of QST., the Magazine of the Radio Relay League.
Many other experts assisted them.
16 Chapters Cover: ^u^^ul
tors md Generators; Storage Batteries and Charging
Circuits; The Vacuum Tube; Circuits Employed in
Vacuum Tube Transmitters; Modulating Systems;
Wavemeters; Piezo-Electric Oscillators; Wave Traps;
Marine Vacuum Tube Transmitters; Radio Broadcasting Equipment; Arc Transmitter-; Spark Transmitters;
Commercial Radio Receivers; Radio Beacons and Direction Finders; Radio Laws and Regulations; Handling ami Abstracting Traffic.
New
Information
n™T™%gf^X
of the Western
Electricands Kilowatt
Broadcasting
Transmitter; description
circuit diagram
of Western
Electric Superheterodyne Radio Receiving Outfit type
6004-C; Navy Standard 2 -Kilowatt Spark Transmitter;
etc., etc. Every detail up to the minute.
Free Examination
"The Radio
Manual"
has illustrated.
just been published.
Nearly
700 pages.
Profusely
Bound in
Flexible Fabrikoid. The coupon brings the volume
for free examination. If you do not agree that il is
the best Radio book you have seen, return it and one
nothing.
in ten days.If you keep it, send the price of S6.00 withOrder on This Coupon
D. Van Nostrand Co., Inc.,
8 Warren St., New York
Send me THE RADIO MANUAL for examination. Within ten days after receipt I will
either return the volume or send you $6.00, the
price in full.
(Radio Broadcast 3-29)
Name
St. & No
City and State

REVIEWS

Practical Television By E. T. Lamer,
with a Foreword by John L. Baird.
D. Van Nostrand Co., New York, 1928.
175 pages, $3.75.
This book, as one of the earliest texts on
television, is a volume of some importance,
although, judging by the price in comparison
with the number of pages, the publishers do
not anticipate any considerable circulation
for it.
In his
Mr.truth
Bairdthanasks,
"Where
better
can Foreword
we seek for
in scientific
research? Sport, Business, Art, Music, and
all the other avenues into which man directs
his energies, are tainted with commercialism,
self-interest,
and emotion."
It beis
painful, beside passion,
such iridescent
idealism, to
forced to quote the irresponsible ballyhoo of
Captain Oliver George Hutchinson, Managing Director of Baird International Television, Ltd., who is engaged in promoting Mr.
Baird. Said Captain Hutchinson on a recent
visit to the United States:
"I am happy to say that no longer is the
'Television' in a state of experimentation.
John L. Baird, the inventor, has perfected
the instrument, so that it can no longer be
said to be in a visionary state. It now reproduces, in the minutest detail, the features
and the actions of a human being on a glass
disc
whichcost.can be a part of one's radio set
at little
"A month ago Mr. Baird went a step further, a step which brings nearer the possibility of seeing actions at the time they are
actually taking place, sent from a distance
in their natural colors with their natural lighting— green fields, blue sky, sunset, even the
varied colors and movements of the English
Derby scene. In other words actual vision
in color has been transmitted. This, combined
with the transmission of scenes in daylight,
will mark the greatest advance toward seeing
from afar in their natural state without any
artificial lighting, scenes and people as they
Thus, the duly authorized spokesman of
exist."
Mr.
Baird. "'No longer in a state of experimentation!" "Perfected!" "Reproduces in
the minutest detail!" Any one who knows
the theory and practical status of present-day
television,
including
Baird'sexperimental
brand, will
tell
you that
it is inMr.
a highly
state, far from perfection, and that it reproduces only objects of limited size, moving
slowly if at all, and with details missing. Mr.
B. P. Clarkson, in his television articles in
Radio Broadcast (July and August, 1928)
depicts the present field of television much
more accurately.
Aside from a tendency to act as one more of
Mr. tenBaird's
press agents,
Lamer
has writan informative
book. Mr.After
an introductory chapter he proceeds with a historical
discussion, in which he states truly that the
name of the early inventors in the field is
legion. He mentions Caselli, Bain, Bakewell,
Vavin, Fribourg, the ubiquitous Edison, Mimault, Willoughby Smith, Senlezq, Graham
Bell, Aryton, Perry, Kerr, Middleton, Connelly. McTighe, Hick, Carey, Bidwell, knudsen, De Bernouchi. Ruhmer, Bignoux, Fournier, Szcepanik, Rosing, Campbell Swinton,
Korn. Poulsen, M. J. Martin, the Bell Telephone Laboratories, Thome Baker, Ranger,
Marconi's Wireless Telegraph Company, Ltd.,
The Radio Corporation of America, Belin,
Hollweck, Dauvillier, von Mihaly, Jenkins,
Alexanderson, and Baird. Larner himself is
an engineer of the British Post Office, but,
save in the case of Baird, he seems to have
little pro-Rritish bias in his historical resume.
The chapter on "Photo-Electricity and the
Photo-EIectric Cell" will interest soundmovie technicians as well as experimenters
in the field of television. There is a reasonably
comprehensive discussion of the vacuum and
gas-filled types, with descriptions and curves
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of the British General Electric Company's
potassium and potassium-argon cells, the
Cambridge Instrument Company's potassium-helium cell, a somewhat inadequate
treatment of methods of coupling photoelectric cells to amplifying systems, and a
brief description of the three- and four-electrode type of photo-cell in which the transition
from the photo-electric device to the input
of the amplifier is affected internally in a
single tube.
Reviewing television research in the form
of specific attempts, Larner outlines two general solutions: (1) Imitating the construction
of the eye by using a large number of selenium
cells, forming a mosaic of the scene; and (2)
Using one cell only and causing the illuminated elemental areas of the scene to fall in
rapid succession on this cell. The first attempts followed method (1) and failure was
due to the lag of the cells and the complication
of multiplying cells, controls, and wires. By
the second general method partial success
was attained by a considerable number of the
investigators.
Jenkins's
prismatic disc, theAmong
Moore others
glow lamp,
and Alexanderson's 1927 seven-channel apparatus are
mentioned. Following this chapter there is
one on cathode-ray devices and another on
optical aspects (" Images and their FormaChapter VIII
entirely transmitter
devoted to
the Bairdtion").
televisor.
The isthree-disc
and Baird's other devices are clearly diagrammed. The last two chapters of the book
include a discussion of television technique.
This book has the virtues and defects of
any premature treatment of a scientific problem. Although the major principles of television are old, it is only recently that methods
and apparatus have been refined to a point
where a restricted success could be achieved.
Mr. Lamer has written his account while
methods are still everywhere in flux and before any authentic commercial solution is in
sight. He deserves credit as a pioneer in the
literature, but of necessity his work is incomplete, and to a large extent lacking in
perspective and impartiality.Carl Dreher.

Letters from Readers
Service Men Disagree

the last few months considerable
DURING
space has been devoted in the pages of
Radio Broadcast to articles of interest to
radio servicemen; notable among these was
the series of experiences in radio servicing
which were recounted by Mr. Alcorn, a practicing serviceman. Considerable interest in
material of this nature has been manifest in
recent letters which have been received from
readers. Although much of the correspondence
has been very liberal in its praise, other letters
have contained constructive criticism which
is also appreciated.
In the following paragraph are excerpts
from a letter written by the president of QRV
Radio Service, Inc., one of the oldest and
largest service organizations in New York
City. Although the views expressed in this
letter do not coincide with those of Mr.
Alcorn, the arguments are very interesting.
To the Editor:
We are roused from our literary lethargy
by a driving desire to comment on the service
article
by Mr.
Alcorn, appearing
November Radio
Broadcast.
We stronglyin disagree
with the author's opinion that the cost of
manufactured set analyzers is prohibitive.
We believe that, if a service organization
is to function to the optimum efficiency,
its servicemen in the field must be equipped
(Continued on page 356)
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For

the New

Tubes!

NATIONAL
Single-Dial Tuning-Unit
forNo.A. 222-A
C. Sets
For the new R. C. A. — A. C. Shield-Grid Tube
This improved NATIONAL Tuning Unit
embodies matched condensers for better
single control, and coils designed for use
with this wonderful new A. C. Tube.
For the new R. C. A. Power Tube
A special NATIONAL A-B-Power No.
7180-A furnishes the 250 volts for plate
and 50 volts bias — required for best operation of this latest power-tube.
The NATIONAL A-100 Velvetone AudioTransformer is designed to work into the
same new tube.
Send for Bulletin 130, 150-R.B.
NATDOINAL
RADIO
PRODUCTS
National Co., Inc., Maiden, Mass.

POLYMET
smashes the neck
of the

bottle

ADVERTISER.

You Can Forget the Condensers — If They Are DUBILIERS"
Specially designed
for
Thordarson
Power Packs
Type
574
for
use
with
the
Itatheon Blf tubes or the
Elkon
fier. Metallic EBH rectiType 575 for use with 210
type
tubes.tubes and 281 rectifier
Type 1152 for use with 210
and 250 type
rectifier
tubes.tubes and 281
Type 1120 for use with 280
type rectifier
tubes orrectithe
Elkon
E-80 metallic
fier.

There
is

No

Substitute

No amount of lurid claims by
nimble-penned advertising
writers will take the place of
quality in the final analysis —
the operation in your power
supply.
Ever since the advent of Radio,
Dubilier has been the manufacturers' standard-— and the
set builders' stand-by. Built
in every Dubilier Condenser
is a factor of safety which is
your safeguard for years of service without failure.

for

Quality!

DUBILIER

LIGHT

SOCKET

AERIAL

— eiA Moulded Bakelite Product "
Bring in programs with a
minimum of interference. Do
away with the unsightly and
trouble causing outside aerial
and lightning arrestor. Simply
attach to the set and plug into
the nearest light socket. Uses
no current. Sold by all good
dealers. Price $1.50.

Dubilier
CONDENSER
CORPORATION
10 East 43rd Street, New York Citv
Address34
Dept.
Reg. U

Remember how coils held up 1928 radio
production ? No more of that, for now —
POLYMET MAKES COILS!
The high Quality, quick Service, and absolute
Dependability, long associated with Polymet
Condensers and Resistances are now carried
into the coil industry.
Polymet has the answer to every coil problem
— Polycoils. Blue prints of your coil requirements are especially solicited.
POLYMET MANUFACTURING CORP.
597 Broadway
New York City
POLYMET
PRODUCTS

Helpful Technical Information
A regular feature of Radio Broadcast is the series of
Laboratory Information Sheets, which cover a wide range
of information of immediate value to every radio worker,
presented in a form making it easy to preserve them. To insure your having every issue, send your check for $4.00 for
one year's subscription, to
Subscription Department, Doubleday, Doran & Co., Inc.
Garden City, N. Y.
CUSTOM SET BUILDERS
Browning-Drake has an interesting and
unusual proposition. Take advantage of
the fact that more Browning-Drakes are
built than any other. Write today.
BROWNING-DRAKE CORP.
Cambridge
Massachusetts
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S. Pat. Off.

Prevents
CwFen^^^QP^C
Install Amperite for every tube
smooth
current
$1.10 with mounting and
wabble
that out
ruins"A"reception.
(in U. S. A.) at all Amperite adjusts itself to the
dealers. exact need of each tube. A type
for every tube — A. C. or D. C.
10 FRANKLIN ST, NEW YdRK.
-"Amperite
of modern
circuits
and
WriteDept
rb3.Dlus Boot"
valuable
construction
data.
"SELF-ADJUSTING "J^ar/^

Letters from Readers
(Continued from page 35U)

CARBORUNDUM
DETECTOR
)
— =
"°"SP"orF
1
A
A turn of the pressure screw gives you perfect tone balance.
. Then, position is fixed by adjusting lock nut, soi) that pressure remains permanently sensitive. QJust another improvement to further insure the Perfect Tone Quality you always get
with the Carborundum Detector — and tone quality is everything. (][Recommended by noted radio-circuit designers.
DEALER OR DIRECT — $1.50 IN U. S. A.
Send for Free Book "Carborundum in Radio" D-2
The Carborundum Company, Niagara Falls, N. Y.
Canadian Carborundum Co., Ltd., Niagara Falls, Ont,
Carborundum is the Redstered Trade Ma
of The Carbide
Carborundum'
Company property
for
and ie its exclusive
(SilicoD

ROBERT
S. KRUSE
Consultant and Technical Writer
103 Meadovvbrook Road, West Hartford, Conn.
Telephone Hartford 45327

BROADCASTING From The INSIDE
EVERY month in RADIO BROADCAST appears the departments
"As known
the Broadcaster
It," written
Carl Dreher,
the best
broadcast Sees
engineers
"in thebycountry.
Aliveonewithof
humor,
news,oneaptof and
searching;
comment,
Mr.of radio
Dreher's
writings
have become
the
most
popular
features
writing
where. Are you reading; it? Subscribe by the year and make sureany-of
not missing
a single
issue. Mail
checkInc..for Garden
$4.00 toCity,
Subscription Department.
Doubleday,
Doran your
& Co.,
N. Y.

with the most complete time-conserving testing apparatus obtainable, within the limits of
practical portability. We believe that a good
set analyzer, or diagnoser — as we prefer to
call them — when carried by an intelligent
experienced radio serviceman who is thoroughly familiar with the uses to which such a
device may be put, will pay for itself within
six months, by reason of increased efficiency
in locating trouble exactly, in saving of time,
and also in the very beneficial psychological
effect on the customer.
As one concrete example of the value of a
good-diagnoser,
in rebuttal
Alcorn's
statement to the
contrary, ofa Mr.
really
welldesigned one will accurately show an open r.f.
grid suppressor, as well as other open circuits in the r.f. portion of a receiver.
John S. Dunham, New York City.
A copy
these paragraphs
Mr. Dunham's
letter
was offorwarded
to Mr. ofAlcorn,
and the
following reply has been received to the
opinion expressed above:
To the Editor:
I have read with interest the comment
received from Mr, Dunham on my November
article. I disagree with your correspondent,
because the costly elaborate test equipment is
prohibitive to the small radio dealer who
has only two or three servicemen. Of course,
if an organization is as large as your correspondent's seems to be, judging from his letter,
the cost of testing equipment is not as important, especially if servicing constitutes the
entire activity of the business. On the other
hand, the small dealer finds that an outlay of
about seventy-five dollars for the portable
test equipment
of his
eachfinancial
serviceman
is con-is
siderable, unless
condition
much better than the average.
B. B. Alcorn, Kew Gardens, N. Y.
No. 32 Tinned Hair Wire

A
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e
r
P
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labora"M
are t'*
,ba
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productsbetter.
e
tbey'r

Saving
*L50

ADCAST
both
IO can
BROhave
NOWRADyou
and RADIO sent to your address at a special price. $5.00
for both of these nationally
recognized authorities. Your
subscription to RADIO costs
you only $1.00 for a full year
if you accept this
offer immediately.

For

Both

a subscrib
already
you are
IF either
es youer canto
or both
magazin
ption
extend your subscri
for another year at this special price.
Send coupon and $5.00 ^OfV

L

RADIO BROADCAST
Doubleday, Doran SC Co., Inc.
Garden City, N. Y.
Here is $5.00. Send RADIO BROADCAST
and RADIO for 1 full year.
Name.
Street 4 No.
City
Slate
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articlein" From
n of the er"
publicatio
the ter
SINCE
June
to
Multimet
Milliamme
have
Broadcast
of readers
Radio
a number
asked where the wire specified for the shunts
may be obtained. The author of the article
has come to our aid in answering this question.
To the Editor:
The No. 32 tinned hair wire, specified in the
article
Milliammeter
consists "From
of an annealed
steel to
baseMultimeter,"
on which a
coating of tin has been applied. It should be
obtainable at any good hardware store. The
Pickering Hardware Company, Fifth and
Main streets, Cincinnati, Ohio, can furnish
the wire on five-cent spools. One spool is
more than sufficient to make the shunts
described.
G. F. Lampkin, Cincinnati, Ohio.
Our Policy Appreciated

open onto isdebate
always
QUESTIOaN radio
A whether
justifiedis
publicati
in mentioning in its columns the trade names
of manufactured parts. It is our opinion that
readers derive the greatest benefit from
articles when complete information is given,
but all magazines do not agree on this point.
A letter from South Africa shows the foreign
reader's reaction to our policy.
To the Editor:
I wish to express my appreciation of the
fact that you always mention the name of the
manufacturer when describing a circuit in
your magazine. This is particularly desirable
from the viewpoint of readers in foreign lands.
As you may easily understand, it often takes
months to secure apparatus from the United
States, and when trade names are not included inan article the time required to secure
(Continued on page 358)
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SCREWDRIVER
RESISTANCE

Don't Guess
You can'
values!
ceity.
at
Instead,
electric
foolresistan
use a DUPLEX CLAROSTAT, with its double- «,
barreled resistances, in- P'
le toofany I|
adjustab
stantly
means
values bv
screwan ordinary
ofdriver.
Neat. Com- j^]
Practical
pact.
Just |||
pensive. Foolproof. Inexthe thing for plate and
grid-bias voltages for
any set. And don't forget
There's a Clarostat
for Every Purpose
No matter what your resistance
problems, no matter what circuit,
tubes, power, line voltage and so
on, there's a CLAROSTAT of
proper size, range and type for the
job.
WRITE for literature regarding
the CLAROSTAT line. Better
still, send 25 cents in stamps or
coin for "The Gateway to Better
Radio"happiness.
— the best investment in^
radio
CLAROSTAT MFG. CO., Inc.
Specialists in Radio Aids
284 N. 6th St., Brooklyn, N.Y

MUTUAL

ADVERTISER.

CONDUCTANCE

METER

Tubes are the heart of radio. Engineers, Service Men, Laboratory
Workers must know how good their tubes are. Tube measuring equipment for either the determination of a single tube constant, mutual conductance, orfor the most extensive examination of tube characteristics
has been designed by the General Radio Company.
To test a number of tubes of the same
type, the Mutual Conductance Meter— Type
443 is sufficient to cull the bad tubes from
the good. This Bridge has a single dial calibrated directly in Micromhos with an accuracy ofadjustment that is greater than the
average uniformity of production tubes.
This margin
of accuracy
is the Conductance
user's guarantee that after
the Mutual
bridge has discovered the secret of the tube,
the story is told. This bridge is now used
for production tests in tube p.ants, by dealers
who want to protect themselves and insure
their customers will get wide awake tubes,
and by service men — everywhere, in fact,
where a quick tube test is desired.
Type 443 Mutual Conductance Meter
Price $55.00.
The Mutual Conductance Metei is but one item in an extensive line of laboratory
apparatus, including decade resistance boxes, wave and frequency meters, crystal
control apparatus, inductance, resistance and capacity standards, attenuation networks, and high quality audio frequency amplifying and power equipment.
GENERAL
30 State Street
274 Brannan Street

RADIO

COMPANY
Cambridge, Massachusetts
San Francisco, California

HECK
Everything you want
to know about

through

a

barrage

of inspections

RADIO
Every branch of radio knowledge is covered in
this complete 5-volume Radio Library. For
everybody
in the service
radio field
operators, inspectors,
men— mechanics,
salesmen, owners
of radio stores. Written by such experts as
Harry F. Dart, E. E., Member, Institute of
Radio Engineers; C. H. Vose, B. S. in E. E., of
the Radio Engineering Dept. of the General
Electric Co. ; W. H. Freedman, E. E., Fellow,
American Institute of Electrical Engineers, and
other prominent Radio Engineers. Gives you
the whole science of radio in clear, understandable English, illustrated with nearly 300 pictures and diagrams. Handsomely bound, pockvolumes, stamped
in gold. Includes
Picture et-size
Transmission
and Reception.
Worth
many times its moderate cost. Send the coupon
with $7.50 in check or money-order.
Money back if not satisfied.
International Correspondence Schools
Dept, 8298-F, Scranton, Pa.
I am RADIO
enclosing
$7.50 for Itwhich
please sendthatme Iyour
fivevolume
LIBRARY.
is you
understood
maymoney
return
the
books
in
five
days
and
will
refund
my
if I am not satisfied.
Name
Address

Jtlxammed at every step . . .
checked at every operation and
tested at frequent intervals . . .
that is the lot of each and every
ARCTURUS A-C Tube . . . inter-

cess for ARCTURUS A-C users
. . . that have made ARCTURUS
Tubes the basis by which other
tubes are judged.

minably "on trial."
Not a tube escapes. It must
measure up to the most rigid
standards set by our engineers.
Standards that have spelled suc-

The engineering attainments'
in ARCTURUS A-C Tubes are
sound reasons why critical engineers and manufacturers demand
these Long-Life blue tubes.

ENGINEERING FACTS HAVE A UTILITY
SIGNIFICANCE TO THE BROADCAST LISTENER
ARCTURUS

RADIO

CO.

NEWARK,

N.J.

ARCTURUS
A-C
• march, 1929
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Letters from Readers
(Continued from page 356)

ATCH

apparatus is doubled, due to the necessity of
first writing the publication for the trade
names of the parts required.
B. Strutt Major,
Johannesburg, South Africa.
"AERO-CALL"
SHORTWAVE
CONVERTER
SHIELDED
- FILTERED

Short Wave Stations

sen

Jen

Every radio authority
knows what Peter L.
Jensen did in 1927 and
1928. His perfection of
the dynamic speaker assured the qualities in a
radio
reproducer which
the perfection in audio circuits demanded. His reproducers served as the pattern
for the entire radio industry.
And now watch Jensen in 1929 !
The new Jensen Auditorium
Speaker has already been announced. Itis designed to operate with all types of amplifiers
from the smallest with one tube
to the largest with push-pull
stages employing type 250 tubes.
And in sensitivity, in brilliance
and separation of tones, in its
ability to reproduce ire mend- J
ous volume, this speaker is
unmatched by any other reproducer ever made.
Write today for literature
and technical data.

MANY radio
listeners
equippedto with
shortwave receivers
are anxious
pick up
the
signals of experimental telephone stations
operating on frequencies within the range of
their set. In this connection Radio Broadcast has endeavored to prepare a schedule
of short-wave transmissions, but it has been
found that the hours of operation of these
stations is varied from day to day. The list
which is printed below contains as much
accurate data as it is possible to publish at
the present time. The principal stations of
the world, which may be heard regularly in
this country with a simple short-wave receiver, are listed in the order of their assigned
wavelengths.
Call
Location Length
WaveLetters
pcll
Kootwijk, Holland
18 .4
w2xad
Schenectady
19.56
wowo
Fort Wayne
22 8
w2xab
New York
24 .0
w8 xk
Pittsburgh
25.4
5sw
Chelmsford, England 25 .5
cjrx
Winnipeg, Canada
25 6
2fc
Sydney, Australia 28.5
2me
Sydney,
Australia.
.
.<
28.5
w2xal
New York
30.91
PCJJ
Eindhoven, Holland
31.2
w2xaf
Schenectady
31 . 48
jb
Johannesburg, S. Africa 32 0
3lo
Melbourne, Australia 32 . 0
w2xai
Newark
43 0
WBZ
Springfield
50.002
wlw
Cincinnati
52
wtff
Mt. Vernon, Va
56 .0
ajg
Nauen, Germany
56 .7
w2xe
Richmond Hill
58 5
GC
Paris, France
60.0
3XL
Bound Brook
60 .0
w9xu
Council Bluffs
6106
kdka
Pittsburgh
63.5
w6xab
San Francisco
65 0
w2xba
Newark
65 18
wbz
Springfield
70.0

Factory-Built, Ready to Plug
Into Your Present Radio Set
The
Aero
1929 Converter equipped
is a compact factorybuilt
short-wave
short-wave
coils. Itadapter
is designed for bothwithA. special
C. and
D.
sets. Operates
perfectlyby onan A.auxiliary
C. or D.filterC.
sets C.without
motorboating,
system
It canamazing
be plugged
into any regular radiocontrol.
set. This
radio instrument
now
makes
it
possible
for
you
to
reach
'round
the
world
—
England,
Germany,
Holland,
Australia,
Panama, Java and many foreign countries are
some thatyouareto tuned
regularly onprograms
short-wave.
Permits
enjoy ininternational
and
many
that ityour
receiverothers
cannotfromget.coast-to-coast
What a thrill
is toregular
plug
this into a tube socket on your regular set and
instantlyrequired.
be in AH
another
world!ready
No tochange
or
wiring
complete,
tubes and
coils hidden,
no apparatus
inoperate,
sight,
except the
neat, golden-brown,
cabinet
in crackle
finish. Size, 9x5compact
%x2^ metal
in.
The only converter we know of that really works
onfor allCatalog
sets. Two
— A. orC. send
and D.$25.00
C. Write
and models
literature,
and
name of your dealer.
Model A. without tube, for A. C. sets
Model D, without tube, for D. C. sets
At leading dealers' and jobbers?
INCOB
PORATED
INCORPORATED
4611 E. Ravens wood Ave.
CHICAGO, ILL.
\

Dept. 239
$25

Mexican Short-Wave Stations
The following is a new list of radio-telephone stations in Mexico which has just been
received from Mr. L. Lujuan, Consul of
Mexico.

JENSEN RADIO MFG.
COMPANY
338 N. Kedzie Ave., Chicago, III.
212 Ninth St., Oakland, Calif.
JENSEN PATENTS ALLOWED
AND PENDING
Also Licensed under Lektophone
and, Magnavox Patents

RADIO BROADCASTING STATIONS IN MEXICO*
Call
Power
Owner
Watts
letters
500
Raul Azcarraga. Mexico, D. F.
500
CYL
"El
Buen
Tono,"
Mexico,
D.
F.
500
C stulo Llamas, Mazatlan, Sin.
CYB
500
CYB
Pablo Langarica, Mexico, D. F.
Roberto
Reyes, Monterrey, CYX
200
L. Oaxaca, Oax.
CYM
F. N.Zorilla,
Partido Socialista del Sureste,
CYF
100
Merida, Yuc.
250
CYS
Efrain R. Gomez, Mexico, D. F.
CYY
105
Miguel S. Castro, Mexico, D. F.
CYH
Martinez y Zetina, Mexico,
101
D. F.
500
CZE
Secretaria de Educacion Publica, CYO
Mexico, D. F.

7^ °'t

v\e^

vV^L 0wv

■• '

jAvcS \

,v

AW*6 <■

Oil**

*A11 stations are licensed to operate on
wavelengths between 350 and 550 meters.

70°°

EXPERIMENTAL
MEXICAN
RADIO STATIONS*
Power
Owner
Call
letters
Watts
Constantino Tarnava,
20
terrey,
N.
L.
20
Rodolfo
20
Tamps. Krause, Tampico, 24-a
100
Liceo Fuente, Saltillo, CoahMon- 26-b
23-a
*Experimental stations are licensed to
operate on wavelengths between 100 and 250
meters.
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Characteristics
Rapid

Production

Servicing

Sets

iw Big Is the Radio Market?

IJ

THIS

of Filament-Type

Matching
• • • For

The Meaning

of Coils

Dealers

IERVICIHG

and

Condensers

Servicemen

Uses for Power Amplifiers • • * Also:

actical Helps for Service workers, Kruse sThe Experimenter s Arm-chair/'Power"

THIRTY
) U B L E D fl Y,

DORflH

FIVE
1/

CO., IRC.

SUE

Rectifiers

and

of Selectivity, New

If

Detection, Sound Movies

CERTS

G G RDE

R

CITY,

DEW

YORK

The

Only

Instrument
Make

All

fixed condensers and contains stage of audio —
fixed capacities — 500,000 ohm variable resistance and 30-ohm rheostat.
Besides regular tests, all apparatus is accessible
through pin jacks. Instrument lifts out of case.

Service
That

These

Will
Tests

Absolute Accuracy
Assured

It has the only tube tester giving oscillation
tests from raw A. C, or from radio sockets.
Tests all tubes If to 15 volts, including screen
grid and heater types. Reads direct output of
rectifier tubes. Permits complete and comprehensive analyzing from radio socket of all
type A. C. or D. C. radios with Master plunger
selector system. Voltage readings with and
without load. Gives in dependent cathode
readings.
The modulated tube radiator takes place of
broadcast stations for testing — is a driver for
neutralizing and oscillator for synchronizing,
giving meter dip and speaker click at resonance. Has heavy duty rejuvenator. Bridges
open states of audio — alters outputs — tests

World's
Praise

Leading
The

£T*HE SUPREME Diagnometer is recognized
JL as the outstanding service instrument in
radio. In one gigantic forward stride this
marvelous instrument changed the standards of
radio service. It filled the long-felt need of radiotricians fora single, compact, portable instrument that would not only make all tests upon which
they had previously been forced to rely, but would
also provide those necessary tests and analyses
which had previously been restricted to the most
complete and expensively equipped radio laboratories.
A

Real

Profit

Three Weston meters and SUPREME engineering, combined with the finest of materials
and workmanship, insure absolute accuracy.
A Voltmeter of three scales 0/10/100/600, 1000
ohms per volt; a Milliammeter of 125 mils and
2| amps: and an A. C. Voltmeter, three large
scales of 0/3/15/150, are built into the SUPREME test panel and are housed in Bakelite
cases.
All instruments are manufactured for 110 volts
and 50-60 cycles. Instruments other frequencies
can be furnished special at slight increase in price.

Maker

With the SUPREME Diagnometer the radiotrician
is mechanically equipped to solve any radio problem that may come before him. He is prepared
Day Trial
Date
SUPREME INSTRUMENTS CORPORATION
321 Supreme Building
Greenwood, Miss.
Please ship me one Model 400A SUPREME
Diagnometer.
Upon delivery of the instrument, I will deposit
the express
the cash price(instalment
of $1'24.65
orwith$38.50
cash andagent10 either
trade acceptances
notes) for $10 each, due monthly, at my option, subject to the following conditions:
It is agreed that the deposit made with the express
agent shall be retained by him for six days. If within
that time, after testing the instrument I am not entirely satisfied, I have the privilege of retu ning the
instrument to the express agent in good condition,
with the seal unbroken (see note below) and adapters
and parts intact. Upon such return and upon the
prepayment of return express charges, the deposit I
have
madeto with
returned
me. the express agent will be promptly

Radio

Diagnometer
Supreme
ings. Those who sell radios report that
to handle intricate and technical tasks in a way
that will earn the enthusiastic satisfaction of his the reputation they have gained for dependable and scientific service has increased their
patrons and enable him to command the highest
fees.
receiver sales as well as their service profits.
Radio owners have learned and are telling
Yet the SUPREME is amazingly simple to un- each other that SUPREME Service is the
derstand and operate. Its compact portable car- most dependable and thorough to be had.
rying case weighs only 25 pounds and measures
18 x 10| x 7 inches. The case is ingenious and Order a SUPREME Diagnometer on our
convenient in design, providing handy compart- six-day trial plan. See for yourself what
ments for carrying all necessary tools, adapters, this amazing instrument will do for you.
and accessories, including a swinging tube shelf
Send No Money
which affords complete protection to extra tube.
SUPREME Service League members everywhere
Thousands of owners attest to the supeare securing greater increases in business and earnriority of the SUPREME. PROVE its
value to you by using it six days in actual
service work. We let you be the sole judge.
Look for the Sign of
Sign
mail and
today.fill in the six-day trial request and
Efficient Radio Service

6

Signed
Firm name . . . .Address
City
State
Please send three or more trade references, including at least one bank, with this coupon.
NOTE:— The seal on the panel of the instrument
covers the master screw in the assembly. It is never
necessary to disturb this, and it does not in any way
prevent
restrictwith
the disturbance
use of the instrument.
guaranteeor ceases
of seal. Factory

Radio Broadcast.

Engineers

Radio Owners: Look
for this emblem in
your radio shop or on
the button worn or
card carried by your
serv'ce man. It is your
guarantee of dependable service.

Prices

and

Terms

Under our time payment plan, the Model
400A SUPREME Diagnometer can be
bought for $38.50 cash and 10 trade acceptances (installment notes) for $10.00 each,
due monthly. Cash price, if preferred,
$124.65. All prices net; no dealers' discounts.

SUPREME
Radio

Diagnometer
cuncewalxte

Makes

every

A test

on

any

Radio

April, 1929
monthly
XIV class
No. mail
6. matter.
Published Doubleday.
at GardenDoran
City, & N.Company,
Y. Subscription
office atPublished
Garden City,
N. Y., Vol.
as second
Inc., Gardenprice
City,$4.00
N. Y. a year.
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amazing
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Success

in

RADIO!

M

9

industry . . . And because it sponsors every lesson
in the course, you know you are getting the real
"dope."

M EN . . . here's a contract! No
matter how little you may know
about Radio ... no matter what
branch of the industry you'd like
to get into . . . here's a short-cut
method that guarantees you absolutesatisfaction...orno cost to you!
As a result of this unique home-laboratory method,
hundreds of ambitious men everywhere are making the biggest money of their lives. Their days are
full of adventure and success! For Radio is today
one of America's greatest industries.
A Tremendous Opportunity
Over 20,000,000 Radio sets need servicing. Thousands of ships carry Radio transmitting and receiving apparatus. Long distance Radio telegraph communications are being opened in more and more
countries. Hundreds of broadcasting stations are in
operation. The number of Radio dealers has increased to jo,ooo. And the number of Radio manufacturers has increased to 4,000. And now Television and Radio-telephony too are opening up hundreds of additional opportunities! Thousands of
men are needed! The pay is big and the opportunities for success and adventure are limitless! Don't
pass it by!
This Home-Laboratory Method
Teaches Faster Than Textbooks
Radio authorities are astounded at this new shortcut to success in Radio. For it cuts the time of

theoretical study down to the lowest minimum!
This expert training gives you the real practical
side of every phase of Radio! As part of the course
you get a magnificent outfit of fine standard Radio
apparatus. With it you work out with your own
hands and mind the Radio problems that command
big pay. With it you can build many fine sets and
dozens of different circuits. So that when you complete the training you will not be just a theorist
. . . but a practical, down-to-earth Radio expert!
Training Sponsored by the Radio
Corporation of America
Our graduates are in big demand everywhere. They
enjoy greater success because they're posted right
up-to-the-minute in everything in Radio. Radio's
progress each year is measured by the accomplishment of the great engineers at work in the research
laboratories of the Radio Corporation of America.
This Radio organization sets the standard for the

GUARANTEE
If upon completion of your course you are not thoroughly
satisfied chatyou have received full value and more, the Radio
Institute of America will return to you the entire tuition fee
paid
in accordancelose, with
theagreement-onInthethatcourse,
way, >'Oueannw
for youthe aretermsfullyof protected.
■ (Signet1) President
R. L. Duncan
RADIO INSTITUTE OF AMERICA
tlo of An
Sponsored by the Radii
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Money Back If Not Delighted
The fascinating lessons prepare you for success in
all phases of Radio manufacturing, servicing, selling, ship and shore broadcasting, Photoradiograms,
Television, and airplane Radio equipment. A signed
and sealed agreement assures you of complete satisfaction upon completion of the training — or your
money will be refunded.
Read This Free Book
It tells you all you'd like to know about Radio. Its
50brilliant
fascinating
pages and for
photos
describe andRadio's
opportunities
adventure
success. It describes in detail the famous training
that has enabled us to place thousands of
our students in fine positions, usually from
3 to 10 days after graduation! Read this
great book ... it may mean the turning
point in your life! Mail the coupon now
— the book is absolutely free! Radio
Institute of America, Dept. RB.-a^
326 Broadway, New York.
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Jenkins
Increases
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Microphone Mixing Panel
TYPE 3-B
%•>• '.yr ■
\>* .'if

@

Brings
Out the
Hard-to-Get"
Low Notes

LYNCH
TUBADAPTA
minimizes distortion, while enabling your set
to operate at full volume. By providing for
the use of two lubes in parallel in the last
audio socket, the output impedance of the
power tube will match very closely the input
impedance of the loud speaker. This means
Good, Clear Reception —
The Lynch Tubadapta enables you to get
TONE quality that is the nearest possible
approach to perfection. Dynamic speakers
will give amazing results, irrespective of the
type of power tubes used. The Lynch Tubadapta ismade in four models to fit most
popular radio sets. Can be installed in ONE
minute. Price, $2.50. Write for leaflet illustrating and describing these models. You can
easily decide which model will fit your set.
LYNCH

& Adair

I.

TUBI

Other

ADVERTISER.

v.

V

')■
For V Broadcasting,
Electrical
Recording, and
Power Speaker
Systems
.■
'"F'HE
3-B Mixing
is designed toof accomA modate
almost Panel
any combination
pickup
circuits up to a total of six. Any three of these
may be pound
made
to
pass
through
the
three
Mixing Controls at the same time,Comand
instantaneous
switching is available for the remaining circuits.
Theser transmitters,
incoming circuits
consist oftelephone
condencarbon may
microphones,
lines or low impedance phonograph pickup devices, inpractically any combination. When a
single input countcircuit
of extremely
low may
level beis cut
enered, the positions
not in use
entirely out of the system, thus causing no loss
whatever to the weak incoming signal.
The panel is 5/16 black sanded Bakelite, 19
in. wide and 12j in. high. Detailed information and circuit is shown in bulletin No. 7,
which we will be glad to mail to you. The net
price
the U. S. A. and Canada is $275.00,
F. O. B.in Chicago.
J. E. JENKINS & S. E. ADAIR, Engineers
1500 N, Dearborn Parkway,
Chicago, U. S. A.
Send for our bulletins on Broadcasting
Equipment

Potter
Condensers
.11 never k»oVr
oU try
You
be "nUl y
dionsur v'xl!.. Vuoan
y°

Products

Metallized Resistors. Dependable, permanently accurate, noiseless.
Leak-Proof Mountings. Single or double, of
genuine Bakelite.
Grid Suppressors, for radio frequency circuits
to stop oscillation and improve reception without
broadening tuning.
Filament Equalizers. Used in filament circuits
to keep the filaments at their best operating points.
Write for 40-Page Free Booklet,
"Resistance, The 'Control Valve* of Radio,"
ARTHUR
H. LYNCH, i„c.
1775 Broadway (at 57th St.) New York

can
„,.r radio

250 type tube
single
for the er
Blockamplifi
?Q00 Condenser
XI "til/vU
T1* '"fciftlU
OQCft Condenser
the push-pull
250 type tubeforamplifi
er $20.00
T* """TO
OAQO Condenser
for single
210 type tubeBlockamplifie
r $22.50
$20.00
1 "£OU" 111 power pack with 280 type
nserrectifieBlock
T ?8fi 171 Condetube
r. for
$18.00
Silverfor
Block
er
Condens
YO
amplifier.
power units...
Marshall
oIVl-O
OTlVf /"to and
power supply
$20.00
CD 91 0 Condenser Block for power $1C
Eft
sunplv unit for 210 type tube "P1 0*OV
Potter Interference Eliminator
Enjoy radio broadcast programs normally spoiled
by interference from oil burner, ice machine motors,
fans, violet rays, vacuum cleaners, etc.
to Remedy
the lineconnect
circuit 105-05
at the Interference
point where Eliminator
interfering
device is connected. Price $3.75
The
Potter
Go.
North Chicago, Illinois
A National Organisation at four 8*rcic9
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all of

Proven

the

Pe rfo nuance
of the
Lincoln .8-80

Every

Frequency in the Broadcast Band at Your Finger
MORE POWER
KEEN SELECTIVITY
GREATER DISTANCE
TREMENDOUS VOLUME
MARVELOUS TONE QUALITY
LINCOLN ENGINEERING HAS AGAIN PIONEERED THE WAY FOR
HERE-TO-FORE UNKNOWN RADIO RECEPTION

Tips

The Hollister AC 8 and DC8 are of radical new design, utilizing the famous Lincoln Tunable Intermediate
Transformers which have revolutionized the Super circuit. Eight months ago Lincoln engineers startled the
radio world with a new receiver — THE LINCOLN 8-80 — incorporating many new and radical features, which
hundreds of set builders of wide experience have proven to be the most powerful and selective receiver they
ever built.
Broadcasting stations have installed this equipment in their studios where other equipments have failed.
It has met the most difficult conditions of radio reception in this country as well as foreign countries.
AND NOW — Greater developments are brought forth. You can now have crystal clear reception from a
whisper to a tremendous output of an auditorium amplifier in your home, and selectivity to tune at will in
the most congested broadcasting centers.
The Hollister AC 8 utilizes four AC screen grid tubes, three 27 type and one 210 or 250 tube. Operated complete by a small, compact power supply.
Price: Chassis, assembled, not wired. $110.00
Hollister AB 250 Power Unit wired
60.00
The Hollister DC 8 utilizes four DC screen grid tubes, three 201-A and one 171 or 250 tube.
Chassis, assembled, not wired
$110.00
Lincoln HOB Power Supply
43.50
Lincoln Dry A Power unit
32.50
DO YOU KNOW YOU CAN SUBSTITUTE LINCOLN TRANSFORMERS IN YOUR PRESENT
SUPER AND IMPROVE ITS PERFORMANCE 100%.— Send for complete details.
SET BUILDERS
We offer every established set builder an opportunity to capitalize on the sale of the above equipment.
Progressive builders will demonstrate this equipment to hundreds of people who have no conception of the
performance of the Hollister 8 receivers. Get a demonstrator and arrange with your local civic organizations
and lodges for a public demonstration.
A demonstration of this kind means real money to you.
LINCOLN
329

SOUTH

Fill out coupon and mail
at once for complete descriptive matter and
building instructions.

RADIO
WOOD

ST.

—

CORPORATION
CHICAGO

LINCOLN RADIO CORP., Dept. B
329 South Wood St., Chicago, 111.
Please send literature on the new Hollister
AC & DC 8.

- ILLINOIS.
Lincoln Equipment
Means Performance
Performance
Means
Sales
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YOUR
for

ORDER
the

ALL -ELECTRIC

IN

NOW

new

SCREEN

-GRID

SIX

Take a set that will perform such feats of selectivity as the S-M 720 does every day
right here in New York — get that set as redesigned by McMurdo Silver to work direct
from the light socket — with such revolutionary tubes as the new '24's and '45's — and
you can take our word for it that that set is going to be hard to get!
Your order placed today with Wholesale Radio Service Co. will insure your getting,
within a few days, your share of the first sets or kits to reach the East.
Mail

the Coupon

WE

NOW!

WHOLESALE RADIO SERVICE CO.
6 Church Street, Dept. RB4
New York, N. Y.
Please send your new FREE catalog, listS-M kitsbrands
and parts,
well ingasa full
all line
otherof standard
of radioas
products for the set builder.
Name

Town

IN ALL

S-M

PARTS

AND

KITS

Every item in the S-M line, as well as other popular and high-quality radio parts, can
be shipped immediately from our tremendous stock. Get out our catalog now. Best
discounts to the trade.

Wholesale
Radio
Service
Company
A Service of Excellence to the Dealer
6 Church

Address.

SPECIALIZE

Street

New

York

City

State

New
Shielded Filtered
f
"AERO-CALL"
SHORT-WAVE
CONVERTER
Factory-Built, Ready to Plug
Into Your Present Radio Set
The Aero 1929 Converter is a compact factory-built
short-wave
coils. It isadapter
designedequipped
for bothwithA.C.special
and short-wave
D.C. sets.
Operates
perfectly
onauxiliary
A.C. orfilter
D.C.system
sets without
motorboating,
by
an
an exclusive feature (patent applied for) control,
It can
be plugged
into any regular
This foramazing radio instrument
now makesradioit set.
possible
you
to reachland,'round
thePanama.
world — Java
England,
Germany.
HolAustralia,
and
many
foreign
countries are some that are tuned in regularly on
short-wave.and(Geo.
Morcroft
Australia
Holland
on hisof Pa.
initialreceived
test. )England,
Permits
you
to
enjoy
international
programs
and
many cannot
others
from
coast
to
coast
that
your
regular
receiver
get. What a thrill it is to plug this into a tube
socket otheronworldyour
regular
and instantly
beAllincomanchange orsettubes
wiring
plete, ready! toNo operate,
andrequired.
coils hidden,
no
apparatus metal
in sight,
exceptinthecrackle
neat, golden-brown,
compact
cabinet
finish. Size,
9 x 5 y2 x 2 % in.
The only converter we know of that really works
onCatalog
all sets. literature,
Two models — A.C. and D.C. Write for
name of and
your jobber. or send $25.00 less 40% and
Model A, without tube,
for A.C. sets List
Model D, without tube,
for D.C. sets List
$25.00

1

FROST VOLUME
CONTROL
Gives complete, stepless and
wonderfully smooth control
of volume and oscillation.
Wearproof
arm. Bakelite roller
case andcontact
dust
cover. $2.00 and $2.25.

FROST APPROVED
A. C. SWITCH
Single
hole mount
volt
A.C. Snap
Switch.110Tested
to 250 volts.derwriters'
3 amps.
approved. 75c.Un-

FROST GEM
FROST BAKELITE
RHEOSTATS
RHEOSTATS WITH
Made
to
deliver
a
service
D. C. SWITCH
that
not usually
expected
from islittle
rheostats
like Cleverly mounted German
these.
Mighty
good
little
D.C. battery switch
rheostats, taking up little issilver
firmly attached to Bakespace
andwithsupplied
either
plain
or
D.C.
switch.
lite
panelaffording
on back
stat,
quick ofonrheoand
Easy to solder to. Plain, off control
filament
75c. With switch, $1.00.
rent. 2 to 75of ohms.
$1.35.curHERBERT H. FROST, INC.
Main Office and Factory: ELKHART, IND.
Chicago
San Francisco

INCORPORATED
4611 E. Ravenswood Ave.
CHICAGO, ILL.

Without
a Doubt
The Most Complete Line of
Condensers & Resistors
No matter what your requirements may be
in the fixed condenser or resistor field, you
are sure to find an AEROVOX unit exactly
suited to your needs.
Filter Blocks
Pyrohm Heavy Duty Units
Buffer Blocks
Edison Base Pyrohms
Socket Power
UniversalPyrohm
Tapped Resistors
Resistor
High Voltage & Tapped
Transmitting
"Adjustable" Units
Condensers
Wire Wound Units
Center Tapped A.C. Units
"A
Power"
Bypass
UnitsUnits Grid Suppressors
Bakelite Case
Non-inductive Lavites
Moulded Mica
Grid Leaks & Resistors
Interference
Resistofortner Kits
Filters
Resistor Mountings
A COMPLETE CATALOG with illustrations and detailed descriptions may be obtained free of
charge on request.
The Aerovox
Research
Worker is a
monthly publication that
deradio
will keep you abreast of the latest
velopments. Your name will be put on the
mailing list free of charge on request.
AEROVOX WIRELESS CORP
PRODUCTS THAT ENDURE O
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1950

Will
Try

S-M

72oAC

Reception

be

It NOW

All-Electric

Know How Next dear's Best Will Sound
A SCREEN-GRID tube with A.C. heater-type filaA\ merit, nearly twice as good as the wonderful
UX222— and the '22 in S-M 1929 sets is enabling S-M setbuilders to get station after station never
heard with common factory-built sets. . « A power
tube with more than sufficient undistorted output
capacity to fill the best dynamic speaker — yet without
the high plate voltage required for the 250. . . Every
refinement of precision manufacture as built into the
tremendously successful 720 (D.C.) Screen-Grid Six —
plus improvements which make the new 720AC
All-Electric a set capable of far better reception, both
as to distance range and selectivity, and tone quality
as well, than even the original, never-yet-equalled,
720. . . Be the first on the ground with it! Get your
order in at once to your S-M jobber or dealer.

Different!
and

See — in the New

Screen-Grid

Six

3 UY224
(C324)
Tubes
Required(The
new
A.C.
screen-grid lube.)
2 UY227 (C327)
present(CX345)
popular heater tube.)
1 (The
UX245
(The new super-power moderate voltage output tube.

Used with the new S-M 669 power supply, the
720AC is a complete all-electric receiver designed
especially to bring out the extreme possibilities of
these new tubes. Price, completely WIRED in 700
two-tone shielding cabinet, less tubes and power unit,
$117.00. Component parts total $78.50; cabinet $9.25
additional. S-M 669 Power Unit, WIRED, $57.50.
720 receivers
to S-M
the 720AC
circuit.can be changed over at slight cost

S-M
And
ios-Positively
Guaranteed
Superior
That same unchangeable purity and
plate current entirely out of the trans257 Push-Pull Input Transformer, to
former winding and thereby avoids the
fidelity of tone, which has established
operate from one amplifier tube into
common injurious effect of hysteretic
S-M supremacy even more firmly this
two 171A, 210, or 250 tubes. Each. .$7
year than ever before, can be built into
distortion. Amplification obtainable —
227
Push-Pull Interstage Transformer, to
any receiver or amplifier by using the
running
as
high
as
4Vz
to
1
—
is
far
higher
feed
from two 112A, 226, or 227 tubes
than with any standard transformers of
new S-M. Clough -system audio transinto
twotubes.
112A,Each
226, 227 or 171A, 210
comparable tone quality.
formers. Guaranteed absolutely and unor
250
$8
conditional y to surpass, in their uniform
S-M
Clough
system
audios
are
now
amplification of all notes from 5000 down
258fromTapped
Output
Impedance,
to
feed
obtainable in a complete line, for both
two 171A tubes into any standard
to 40 cycles,
other transformers
obsingle and push-pull amplification, as
speakers. Each
$5
tainable on theanyAmerican
market at any
follows:
price, these unique instruments make use
248 Universal Output Choke to feed out
255
and
256,
for
standard
use
in
first
and
of two 210 or 250 tubes into one to six
of a principle totally different from anysecond stage respectively. Each. . . .$6
or more standard speakers; provided
thing used in standard transformer con225 and 226, similar to 255 and 256, but
struction— built-in resonance to even out
with
taps.
larger and slightly more perfect in both
It willseveral
handleimpedance-matching
over 20 watts without
the amplification curve in the critical
frequency
characteristic
and
amplifirange which ordinary transformers
core
saturation.
Open-mounted.
Each
$7
cation ratio. Each
$9
228 (248 in case like 227). Each $8weaken— and a circuit which keeps D.C.
■For the New Tubes: S-M 335 Power Transformer"
This is the transformer used in the new S-M 669 power unit. It contains one
105 to 120 volt primary; one 5 volt, 2 ampere, rectifier filament winding; two
2.5 100
volt,m.a.
6 ampere,
Plate voltage
with one or'80(335U)
tube, 300
volts
at
Providedfilament
with windings.
iron end terminal
mountings,
in open
mounting; either type $15.00.
Are you getting the Radiobuilder, a monthly publication telling the very latest
developments of the S-M laboratories? No. 11 (Mar. 3929) gives further details of
the new 720AC. Send the coupon for free sample copy, or to enter your subscription
if you want it regularly*
If you build professionally, but do not have as yet the S-M Authorized Service
Station appointment, ask about it.
SILVER- MARSHALL,
Inc.
838 West Jackson Blvd., Chicago, U. S. A.
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Silver-Marshall, Inc.
838 W .Jackson Blvd., Chicago, U. S. A,
Please send me, free, the complete S-Mn
Catalog;
also sample copy of inThestamps,
Radiobuilder.
For enclosed
send me the
following
:
.... 50c Next 12 issues of The Radiobuilder
.... SI .00 Next 25 issues of The Radiobuilder
S-M DATA SHEETS as follows, a 1 2c each:
No.
670ABC
Reservoir
No. 12. . 670B.
685 Public
Address
UnipacPower Units
No.Wave
3. 730.
Sets 731, 732 "Round-the-World" Short
No. 4.223, 225. 226, 256, 251 Audio TransNoformers
. 5 .720 Screen Grid Six Receiver
7 40" Coast-to-Coast"
Screen
Four and
.. .. .. .No
.No.676. 67 ..675ABC
High-Voltage
Power Grid
Supply
Dynamic Speaker
Amplifier
.. .. .. -.No.
No. 9.8. Sargent-Rayment
678PD PhonographSeven
Amplifier
No. 10. 720AC All-Electric Screen-Grid Six.
Name.

©C1B
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EDGAR H. FELIX . . . Contributing Editor

RADIO

B

VOL. XIV. NO. 6

ROADCAST

ENGINEERING
Contents

- THE

LABORATORY*
among

for April, 1929

Frontispiece
- - - The Serviceman s Responsibility 366
New Uses for Power Amplifiers - - Fred H. Canfield 367
The Condenser-Type Loud Speaker
Joseph Morgan 369
The March of Radio
- - An Editorial Interpretation 372
A sion
Well-Balanced Radio Commis- Regulation
tempted of Allocations AtCongress
Considers
Commission's
In
the World
BroadcastingRadio
Record
Amateur
and ofCommercial
More Discussion on Frequency
Control
The Routine of Testing Receivers

- John S. Dunham

375

Strays from the Laboratory - - - - Keith Henney 377
Vacuum-Tube
"Phantom"
PowerBaffle
Tubes
Output
Versus Fuses
Amplification Novel
Dynamic
Causes of Winter Static
Life of a.c. Radio Tubes
Experiments With Pentodes Amateur Intermediates
The Real Size of the Radio Market
-----379
The Experimenter's Armchair - - Robert S. Kruse 380
Grid-Leak Power Detection
Frederick Emmons Terman 382
Sound Motion Pictures
----Production Testing With Oscillators
Rook Reviews
------The Serviceman's Corner - -Practical Radio Service Records -

Carl Dreher 385
Richard F. Shea 387
Edgar H. Felix 388
---- 389
- John S. Dunham 392

Characteristics of Power Rectifiers -

-

Roger Wise 393

"Radio
- - - - 397
No. 19. Rroadcast's"
Fundamental Radio Home-Study
Theory
No. 20. Sheets
Inductance Standards
Real Versus Apparent Selectivity
Kenneth W. Jarvis 399
Rroadcast Engineering ------

Carl Dreher 402

"Radio Rroadcast's" Set Data Sheets - ----The Day-Fan 8-AC Power Set The King Model H Receiver
The Freshman 2N-12 Receiver The Bosch Model 28 Receiver
An Examination for Radio Servicemen J. R. V. Meacham

403
405

In The Radio Marketplace
- - - 406
Radio Rroadcast Laboratory Information Sheets
Howard E. Rhodes 412
No. 273. Neutralizing R. F. Circuits No. 276. Simple Two-Way TeleNo. 274. Bucking Coils for Dy- phone Set
Speakers
267. SetSimple Two-Way TeleNo.namic
275. Loud
Obtaining
Grid Bias No.phone
The
contents ofLiterature,
this magazine
Guide
to Periodical
whichis isindexed
on fileinatTheall Readers'
public libraries
TERMS: $4.00 a year; single copies 35 cents

other things

SO MANY of you have said so many nice things about
the March issue that there was some wonder in the
editorial offices about the possibilities of compliments — and
what is more to the point, real use and appreciation — on this
number. But on examining the contents, which can be found
not far to the left, we are just as proud to launch this issue
as we were the preceding one. Mr. Morgan's story on the
condenser loud speaker packs all the available information
into three interesting pages, beginning on page 369. Mr.
Dunham's article on page 375 gives dealers and servicemen
an interesting outline of set testing routine which is practical down to the last period. The figures on set and tube
sales for the last two years, compiled by the Editor should
prove interesting and useful reading for everyone in the
industry. And then, Mr. Kruse makes his bow as conductor
of the new experimenter's section, Prof. Terman has a corking article on "power" detection, Mr. Jarvis puts a new
angle on the selectivity question which is by no means a
theoretical one, Roger Wise writes of characteristics of filament rectifiers, and there are our regular departments, all of
them unusually interesting.
WE

OWE a general apology for an error which crept into
Mr. Kruse's article in the March issue which described
the work of the Radio Frequency Laboratories. The caption
under Fig. 1 should have read: "A model set using screen grid tetrodes." The caption under Fig. 2 should have made
clear that the device shown was used for checking the design
of single stages which are placed in the central compartment.
T^HE May issue will contain the third of Prof. Terman's
-*■ articles in his series on "Detection" and will deal with the
principles of C-bias detection. In addition there is an interesting article on self-shielded coils, a discussion of audio-transformer measurements by J. Kelley Johnson, and many special
articles of interest to radio dealers and servicemen. The latest
addition to our new news section, "The Radio Marketplace,"
the Radio Dealer's Notebook, is continued with more practical data. Incidentally, the welcome given this feature by
radio dealers has been most encouraging. Dealers who have
not seen this feature are referred to page 407 of this issue and
to page 332 of our March number. The service side of radio
sales — the relation is written in that way intentionally —
will not be neglected in our May number: an address given
by the Editor at the Federated Radio Trades Association convention in Buffalo will be printed for the first time. That
article, "The Inseparability of Sales and Service" emphasizes
a division of the dealer's business that has had all too little
attention.
— Willis Kevgsley Wing.

All rights reserved. Copyright, 1929, in the United States, Newfoundland, Great Britain. Canada, and other countries by

& COMPANY, INC., Garden City, New York
El Eco
West
Radio Broadcast
Le Petit Journal
Short Stories
World's Work . . . The American Home
BOOK SHOPS (Books of all Publishers) . . .
New York: <Lord & Taylor, James McCreery & Company. Pennsylvania Terminal, 166 West 32nd St., 848 Madison Ave., 51 East 44th Street, 420, 526, and
819 Lexington Avenue, Grajjd Central Terminal, 10 Wall Street> Chicago: <75 East Adams Street> St. Louis: <223 N. 8th St. and 4914 Maryland
Ave. > Cleveland: <Higbee Company > Springfield, Mass: < Meekins, Packard & Wheat.
OFFICES . . .
Garden City, N. Y. New York: 244 Madison Avenue. Boston: Park Square Building. Chicago: Peoples Gas Building. Santa Barbara, Cal. London:
Wm. Heinemann, Ltd. Toronto: Doubleday, Doran & Gundy, Ltd.
OFFICERS . . .
F. N. Doubleday, Chairman of the Board; Nelson Doubleday, President; S. A. Everitt, Vice-President; George H. Doran, Vice-President; Russell Doubleday
Secretary; John J. Hessian, Treasurer; Lillian A. Comstock, Asst'l Secretary; L. J. McNaughton, Asst't Treasurer
page 364 #
• april, 1929

MAGAZINES
Country Life

DOUBLED

SERVICING

AY. DORAN

RADIO BROADCAST

your
...

ADVERTISER.

worth
money's
in
musical
performance

Fidelity ... the master
TONE
salesman of radio ... is the
constant companion of the Thordarson equipped receiver. A snap
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collects no commissions . . . has
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unceasingly, delivering his message of quality reproduction to
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for the public will accept no substitute for Tone Fidelity.
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supply and audio transformers to
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PERFORMANCE

Louis B. F. Ray croft
Vice President, National Electrical Manufacturers Association

THE

SERVICEMAN'S

RESPONSIBILITY

is the serviceman's
keep the give
radiothereceiver
TheIt satisfaction
which the responsibility
products of ourto industry
user maysold.be
jeopardized by unskillful installation and failure to instruct the new
owner in the maintenance and manipulation of his new receiver. We
recognize the importance of service and no progressive manufacturer is
without an active and extensive service organization. Indeed, through the
Radio Division of the National Electrical Manufacturers Association, the
industry has collaborated in the preparation of a course for dealer
technicians, with the objective of improving the standards of consumer
contact ivith the radio dealer after the sale is made.

TO

THE

INDUSTRY

As radio retreats from the position of a seventh-day wonder and becomes astabilized fixture in Hie home, the importance of the dealer technician in the radio structure rises proportionately. We have already
observed many instances of dealer success founded upon a reputation
for good
Broadcast's
to belter
ing by itsservicing.
articles forRadio
the instruction
of thecontributions
dealer technician
are servichelping to raise service standards and increasing consumer satisfaction
and confidence in the products of our industry. — L. B. F. Baycroft, Vice-President in charge of the Radio Division, National
Electrical Manufacturers Association.
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Data of Interest

NEW

USES

FOR

By

— and foreverymen world,
RADIO one elsedealerthat
business
in the service
matter — are approached constantly by
promoters and high-powered salesmen who
offer — always very confidentially — some "wonick scheme which must be
get-rich-qutely
derful"immedia
in order to derive the
acted upon
full benefits. These men have their hooks
baited for the novice of the business world and
to this class their arguments sound very convincing. On the other hand, the hard-boiled
business man, recognizing instantly these men
and their schemes, dismisses them from his
office as soon as they are detected. Without
listening to their story he knows the fallacy,
for from experience he has found that earning
money legitimately requires hard steady plugging. Also, he suspects (rightfully perhaps)
that the salesmen themselves hope to get rich
quick by selling him their ideas.
The writer of this article has nothing to sell
(except a manuscript now and then), and it
does not bring an extra cent to his pocket if
radio dealer-servicemen follow the suggestions
presented in the following paragraphs. Therefore, inasmuch as there is no ulterior motive, it is
advised that serious consideration be given the
following plan which points to a way in which
radio dealers and service organizations may
increase their revenue. No guarantee is given
that one's income
be doubled
immediately,
but themay
ambitious
man, almost
who is
not afraid to work hard for his money, may
find that it is a solution to his problem.
Enough valuable space has now been
taken by the introduction so the "meat"
of the article will be attacked without delay.
The first question which it is necessary for
the dealer-serviceman to ask himself is,
"From what sources do I derive the greater
part of my income?" Secondly, he should
debate
over are
the available
question, if" What
otherdecide
sourcesto
of
revenue
I should
increase the scope of my business?"
In most cases the answer to the first question isthat the business includes the repair of
radio receivers, custom set-building, and the
sale of tubes, small replacement parts, and
accessories. To these three items the dealer
may also add the sale of complete receivers.
In answering the second question many dealerservicemen have explained that they have
found it difficult to make a business consisting
exclusively of radio support a large firm ; the
result has been that they were forced to enter
other closely allied fields such as electrical
contracting, sale of electrical appliances, sale
of musical instruments, phonographs, etc.
The writer advises another alternative for
increasing revenue.

FRED

to Dealer -Servicemen

POWER

H.

AMPLIFIERS

CANFIELD

One use of radio apparatus that has
grown in striking fashion in the last
year is the wide application of powerful audio amplifiers to all sorts of nonradio uses. In the installation and
operation of these amplifiers, the local
radio-trained man, whether he be
dealer, independent serviceman, or
whatnot, is best equipped to do the work.
This article by Mr. Canfield, a member of the Radio Broadcast editorial
staff, attempts to show the breadth of
the field and how the real demand for
public-address equipment can be turned
to the profit of the individual.
— The Editor.

every public- or group-address installation is
heard by thousands of persons. Therefore, if
good reproduction is provided by the apparatus, it cannot help but reflect credit on the
firm which engineered its construction. For
this reason it is logical to assume that the
firm making the most successful large installations will lead also in the servicing field,
providing newspaper advertising emphasizes
the fact that such work receives the same
careful consideration.
Another factor in favor of public-address
work is employment of the same staff of
men in all branches of the business. With a
little study a good serviceman may learn
quickly how to build and install the large amplifiers which are required in this work, and
this feature tends to increase the efficiency of
the business. On the other hand, if the firm
enters the electrical or musical field in order
to increase its income, extra trained men are
required.

Public- and group-address work should not
be considered only as an extension to a regular
radio business, as, in most cities, this line of
work alone could be made to provide sufficient
income for a good size firm. Although it is
obviously impossible to build up as large a
clientele as in the servicing field, the income
derived from each customer per year is much
greater, due to much higher cost of the apparatus and the need for more frequent inspections. These factors will be considered in
greater detail later.
It should also be pointed out that specialists
in public- and group-address work may develop other sources of revenue aside from
installing and servicing. For example, many
firms renting public-address systems for
special occasions have found this a very profitable undertaking. Other radio dealers, after
making an amplifier installation, provide an
operator for the apparatus during the hours
it is in use, and, where an operator is not
needed, the amplifier is inspected at regular
intervals rather than waiting for a service
call. It is also possible, in many cases, for the
serviceman to design and build the amplifier
rather than install a manufactured outfit,
thus providing additional work for the shop.
Selling P. A. Amplifiers
PROBABLY this question has already
reached the reader's mind. " How can I
sell
public-hard
or group-address
amplifiers?"
It requires
work in the field
until the
business is established; hanging a shingle outside your door stating that you are a " specialin publicgroup-address
amplification
willist not
help and
in most
cases. However,
even in a"
small town there are hundreds of potential
purchasers who are just waiting for you to
"sell" them the idea. In the following paragraphs afew of the various types of installations which have been made by dealer-

The Solution
THE installation of public- and groupaddress systems is a branch of the radio
business which has hardly been scratched
commercially, although there is a big demand
for specialists in this field. The work provides
numerous opportunities for large profit to
the serviceman who is willing to go out into the
field and dig up prospects. It also has the
added advantage of keeping the activities of
the firm strictly within the radio field, which
is highly desirable for several reasons.
In considering this question a factor wnich
should not be neglected is the good-will
publicitywork.
whichIt may
in publicaddress
must bebe derived
remembered
that

— Amplion Corp. of America
A public-address amplifier is used to produce the hum of a dynamo in any desired
volume in presenting the play Dynamo at the Martin Beck theatre, New York City.
The rear view {left) shows the electrodynamic horn loud speaker inside the
dynamo. The picture on the right shows a scene during the third act of the play
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servicemen in all parts of the country will be
considered.
Dance halls, cabarets, restaurants, and
road houses are places where public-address
systems have been used with great success.
In such places the amplifier is used mostly in
connection with an electric turn-table for the
reproduction of phonograph records, but it
frequently is employed for announcing and
for radio music. In the restaurant business a
public-address amplifier is a real asset as well
as an economy. By connecting the amplifier
with a phonograph pick-up unit it is possible
for the proprietor to provide his guests with
dance music at hours of the day when it would
not be profitable to employ an orchestra for
the purpose. In some cases the amplifier is
used to supplant the orchestra entirely, and
in other cases it is used in conjunction with
the orchestra, thus permitting continuous
music throughout the busy evening hours.
Group-address amplifiers are also used in
some large restaurants to provide music for
the smaller or private dining rooms; in these
cases the music may be picked-up with a
microphone near the orchestra in the main
dining room or a phonograph pick-up unit
may be employed. Also, in restaurants the amplifiers are used as a coin-operated affair.
Small motion-picture theatres everywhere
are beginning to use public-address amplifiers
to provide music during the picture. By using
an amplifier to reproduce phonograph records
they are able to dispense with their pianist,
organist, or small orchestra at a great saving
of expense, and at the same time to provide
much better music. Nowadays, even in the
smallest theatres, one is able to listen to the
best orchestras of the country.
Surprising as it may seem many factories
have found it very profitable to provide their
employees with music, not only during lunch
hour, but throughout the entire day. In this
connection Mr. Cotton of the Samson Electric
Company
writes, "Weof have
in ourmusic
factory, the proposition
using tried
amplified
on the assembly help, mostly girls, and have
found that when running music the production
is increased. The music has a tendency to cut
out talking among the girls and keeps their
minds off the clock. As a result all hands seem
to move faster." This same scheme is used in
other factories and the same results are reported in each case.
There is at present a fast growing tendency
to use amplifiers for the instruction of pupils
in public schools. Many special programs
designed especially for schools are now being
broadcast regularly and for this reason most
school amplifiers are provided with a radio
tuner. However, amplifiers in schools are
also arranged for use with a phonograph
pick-up unit as phonograph records have been
found helpful in the instruction of music,
languages, etc. In many cases a school installation consists of a combination public- and
group-address system. A group of loud speakers are installed on the platform of the auditorium for the instruction of the school as a
group, and in addition a small loud speaker is
located in each class room.
A number of cases are on record where
churches and funeral parlors have made use
of public-address systems. In funeral parlors
they may be used for reproducing phonograph
records of a nature suitable to the occasion
when the people holding the service have been
unable to afford a quartet or musician.
Churches as well as funeral parlors have also
used amplifiers to permit an overflow crowd
in another room of the building to hear the
services. In particular, several Christian
Science churches have found public-address
amplifiers very helpful during special lectures.
Selling Group-Address Amplifiers
THERE are just as many persons interested in group-address amplifiers as in
public-address installations, but the different
uses for the former are slightly more limited.

RADIO RROADCAST
Apartment house landlords are probably the
largest group interested in these systems.
In the modern radio-equipped apartment
house a radio outlet is provided in each apartment and this is supplied continuously with
radio music from a group-address amplifier
located
the apartment
superintendent's
Also, in insome
housesapartment.
a duplex
system is used to furnish a choice of two programs at the same time. In order to receive the
programs it is only necessary for the tenant to
plug the cord from his loud speaker in the jack
of the outlet plate.
Many hotels and clubs are beginning to
provide the same radio service that the apart-

— Samson Electric Company
A large amplifier is used for instructing pupils at the Frank A. Day Jr.
High School, Newtonville, Mass.
ment house landlord is giving. However, in
hotels a much larger amplifier is used, as it is
usually employed for public-address work in
the main dining room as well. Hospitals,
veterans' homes, and charitable institutions
of various kinds are also making use of groupaddress systems but in these cases headphone
outlets are often provided in the various rooms
instead of loud-speaker outlets.
Amplifiers For Special Events
IN ADDITION
the places may
where bepermanent amplifier to
installations
used
there are numerous cases where amplifiers are
requiredawakefor
special should
events;be inablefact,
a wideradio dealer
to rent
his
public-address system several times each week.
This business, which is just as profitable as
installing and servicing public-address amplifiers, also provides excellent publicity. It
should be unnecessary to mention all of the
places where such apparatus may be leased,
as the necessity for a public-address system
will occur to the dealer when he hears of the
event. However, it may be stated that amplifiers are used constantly during banquets,
for
intensifying
the ofspeaker's
voiceroomin remote
corners
and alcoves
the dining
as well
as in other small rooms where guests may be
assembled. Private dances, which are held in
homes or in rented ball rooms, may also use
public-address amplifiers to provide orchestra
dance music in the same manner that they
are used by restaurants. At regular annual
events such as automobile shows, motor boat
shows, music carnivals, etc., public-address
amplifiers may often be leased for an entire
week. During the football and baseball seasons newspapers often find a need for publicaddress amplifiers to permit them to announce
scores and news to the crowds assembled in
front of their buildings. In addition there are
• april, 1929 . . . page 368 •

numerous advertising
stunts where large
x
amplifiers may be used to advantage.
The suggestions given in the above paragraph are of greatest value during the winter
months. However, contrary to most branches
of the radio business, there is just as much
need for amplifiers during the summer as
during the colder months. At county and
state fairs a radio dealer may find it possible
to rent several amplifiers for one or two weeks
at a time. Other tiroes when amplifiers are
really needed are during pageants, church
festivals, water carnivals, horse races, automobile races, beauty contests, baby parades,
etc. In fact, the demand for amplifiers could
be made great enough, by proper sales promotion, to make the summer weeks very
profitable for the radio dealer as other business
is slow and he would be able to concentrate
his entire attention on this work.
The charge which may be made for the
rental of a public-address system varies with
the use to which it is placed. For strictly
commercial purposes where the apparatus is
required for several days or a week the dealer
may ask as much as fifty per cent, of the cost
of the equipment. For semi-commercial
events where the amplifier is needed only
for one evening, twenty per cent, of the cost
of the amplifier is a fair charge. On special
occasions, such as election eve, on the night
of a presidential broadcast, etc., amplifiers
may be rented at a very handsome profit
to motion-picture
theatres,
men's
clubs, banquet halls, and other
places
of amusement
where people assemble. For church affairs a
very low charge, if any, must be made. However, in such cases the dealer or serviceman
can afford to provide the equipment free in
return for publicity received.
Technical Considerations
THE
space toavailable
this article
is not
sufficient
permit anforadequate
discussion
of the technical side of the public- and groupaddress problem. However, a few of the important questions will be considered briefly.
Readers who are interested in a more detailed
description of the type of apparatus required
are referred to constructional and technical
articles which have appeared in previous
issues of Radio Broadcast ("A Dual PushPull Public- Address Amplifier," January,
1929, Radio Broadcast, page 195, "An
Efficient Push-Pull A. F. System," by Kendall
Clough, February, 1929, Radio Broadcast,
page 241). In addition, several manufacturers
(Silver-Marshall, Inc., American Transformer
Company, Samson Electric Company, General
Radio Company, The National Company,
etc.) have prepared excellent literature describing the type of apparatus required and
the method of making installations. In
particular,
Silver Marshall's
house Manual
organ,
The Radio Builder,
and their book,
for Authorized Service Stations, contain much
practical and technical data on the subject.
The question regarding which there seems
to be the greatest lack of information concerns
the size amplifier required for various types
of installations. In general it may be said
that each magnetic-type loud speaker requires approximately 500 milliwatts (0.5
watts) for normal volume in the average size
home living room. In halls or auditoriums
where high volume levels are required one or a
group of several dynamic loud speakers
provide most satisfactory results. Dynamictype loud speakers of standard design should
not be called upon to handle more thau three
and one-half watts of power. Where a distribution system with headphone outlets is being
planned about 14 milliwatts (0.014 watts) per
pair of phones must be allowed.
The usual public-address amplifier employs
three or four stages with two 250-type tubes
in the output circuit. Such an amplifier has an
output of approximately 15 watts. Larger outputs may be obtained by connecting two or <
more push-pull output stages in parallel.
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CONDENSER-TYPE

LOUD

of

SPEAKER

By JOSEPH MORGAN
International Resistance Company

Dolbear anssor conde
IN 1881, Profe
nser renounced the first
ceiver for telephone systems. This
was the fore-runner of the condenser
loud speaker which is being introduced
into radio to-day. While the principle
is interesting and may very well yield
important results, there is nothing
essentially new in the idea. It is to be
noted that the magnetic and condenser
types of loud speakers are about equally
old in principle and, therefore, we must
examine the condenser loud speaker
with great care before we pronounce a
verdict. It must be evident, therefore,
that the condenser loud speaker is no
more nearly ideal in its basic principle
than the magnetic.
In this article the principle of the
condenser-type loud speaker will be set
forth together with its advantages and
disadvantages. Also, a brief account of
some typical loud speakers which are
now being manufactured will be given
together with a description of the
method of application of such loud
speakers.
When two conductors of electricity
are separated in space by a non-conductor of electricity, we have what is
called an electrical condenser. If these
two conductors are charged with electricity of like sign, they tend to repel
Colin Kyle (left), inventor of the Kyle coneach other and if they are charged with
denser loud speaker, is demonstrating his
electricity of unlike sign, they tend to
inven tion to three authorities on radio and
attract each other. Suppose that these
acoustics. In his hand he is holding a sectwo conductors are large, flat, metallic
tion of the loud speaker, and standing on
plates of equal area, separated by a thin
the floor is a completed model
film of air. (See Fig. 1a.) If a difference
of potential or voltage is applied to
these plates, a force will be exerted tending to draw these plates together, and the force
As has been predicted in these pages,
will be proportional to the area, A, of one side of
the
condenser-type loud speaker is apt
one plate; it will be proportional to the square
to attract a great deal of attention in
of the voltage between the two plates; and it
the industry during the coming season.
will be inversely proportional to the square of
What is it? How does it work? How
the distance, D, between the two plates.
does it compare with other types?
From the above paragraph it is seen that
the greater the voltage the greater the force,
These and other questions, Mr. Morthe larger the size of the plates the greater
gan, of the International Resistance
the force, and the smaller the distance beCompany,
whose previous articles on
tween the plates the greater the force. If we
loud speakers in this magazine have
make one of these plates quite heavy and stabeen so well received, attempts to antionary and the second plate very light and
swer. The device is not a panacea; it
movable (see Fig. 1b), the application of a
varying voltage to these plates will tend to
will not "revolutionize" the industry,
draw the light movable plate to the heavy
Here is a straight-forward analysis of
the whole question. — The Editor.
stationary plate with a force which will increase as the square of the voltage. If an alternating voltage, for example, the usual 60uycle, 110-volt house current, is applied
between the two plates, the movable plate
will tend to move in and out at double the be replaced by the voice current from the outfrequency of the applied voltage which, in
put of a broadcast receiver. It must be obvious that the light movable plate, which we
this case, would amount to 120 times per
second. This result would be obtained since shall henceforth call the diaphragm, would
the plates tend to pull together both on the produce a hopelessly distorted sound since it
positive and on the negative halves of the would move in accordance with the square of
alternating-voltage cycle (see Fig. 2, diagrams
the voice voltage and at double the voice frea and b). Thus instead of obtaining a 60- quencies.
cycle tone by virtue of the motion imparted
to the surrounding air by the movable plate,
Minimizing Difficulties
we would obtain a 120-cycle tone. This is a
LET us see how these essential difficulties
perfect instance of complete distortion, since
are minimized. Suppose that we place a
the original tone is absent and is replaced by
one of entirely different frequency.
high direct voltage, for example 500 volts,
across the plates of our crude condenser loud
Suppose that this alternating house current
april, 1929
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speaker. There will be a strong constant attraction between these plates,
due to this constant direct voltage. If
now we superimpose a much smaller 60cycle sine-wave voltage upon these
same plates, this alternating voltage will
tend to increase and decrease slightly
the direct potential which we have
already established between the plates.
In other words, the force will alt ernately
become a little greater and a little less
than the initial force due to the direct
voltage (see Fig. 2, diagrams c and d).
It can be shown mathematically, that
the motion of the diaphragm under
these conditions will be approximately
in accordance with, and proportional
to the alternating voltage applied between the plates. The smaller the ratio
of the alternating voltage to the constant applied direct voltage, the more
accurately the diaphragm will follow
the alternating voltage variations. It is
exceedingly important to note that
there will always be a component of
the motion which is twice the frequency
of the original voltage and also that the
motion will never be exactly directly
proportional to the applied alternating
voltage. In other words, in this type
of loud speaker, as well as in the magnetic and electrodynamic types, there
is always some inherent distortion. A
mathematical analysis of the condenser
loud speaker shows that the greatest
response is obtained when the plates
are as close as possible together and
both the constant direct voltage and
the alternating applied voltage are as
great
We have as
justpossible.
shown that the alternating
voltage must be a small fraction of the direct
voltage in order to minimize distortion. This,
therefore, is our first limitation. Second, the
direct voltage, which we shall henceforth
call the polarizing voltage, must not be increased beyond 500 or 600 volts because of
the danger of break-down between the fixed
plate and the diaphragm. Further, it is not
safe nor practicable to generate much higher
voltages than 600 for such a purpose. Third,
the distances between the plates cannot be
made ^definitely small for several reasons:
(a) because the polarizing voltage would tend
to puncture the insulation between the two
plates (in this case, air) if the distance were
too small; (b) there must be sufficient distance so that the diaphragm may move back
and forth in order to impart a mechanical
wave motion to the air in front of it; (c) if
this distance were too small, the diaphragm
might actually strike the stationary plate
causing a short circuit if too great a voice
voltage were applied or if resonance obtained
either in the electrical circuit or in the
mechanical construction of the loud speaker.
Hence, it is seen that compromises must be
effected throughout the design of this type of
loud speaker just as in the case of the magnetic
and electrodynamic loud speakers considered
in previous articles.
As a result of these compromises, the sensitivity and efficiency of the condenser loud
speaker is, in general, low. Due to the small
permissible distance between the diaphragm
and the back plate the large amplitudes of
motion necessary for the adequate radiation
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Fig. 1 — (.4) An electrical condenser ; (B)
A simple condenser-type loud speaker
of low tones is not practicable. Consequently,
it is difficult to obtain adequate response at
the lower audio frequencies.
Poitits of Superiority
AFTER this more or less discouraging
introduction, let us now discuss the
points of superiority inherent in the condenser-type loud speaker. Chief amongst these is
the great simplicity of construction. The loud
speaker has but one movable part and contains no coils nor elaborate magnetic field
construction. In addition to its simplicity, it
can be made to be exceedingly compact. One
model of this type is scarcely more than one
quarter of an inch thick. A second important
advantage is to be found in the fact that the
diaphragm is attracted as a whole over the
greater part of its surface, instead of being
actuated at a point, as in practically all
magnetic and electrodynamic constructions.
This reduces effects due to complicated modes
of vibration of the diaphragm with resultant
multiple resonances, and makes possible a
smooth frequency-response curve, reasonably
devoid of marked peaks and depressions. The
third important advantage is the practicability of using exceedingly thin, fight, nonmagnetic diaphragms of great flexibility and
low inertia, thereby making possible the radiation of the high audio frequencies which are
so necessary to faithful and intelligible reproduction ofspeech and music. Another advantage is gained by the use of a large flat
diaphragm as contrasted with the small magnetic diaphragms and the conical paper diaphragms used in other loud speakers, since a
large, flat surface is better adapted to the
radiation of sound.

(D)
Fig. 2 — (A) V ariations of alternating voltage applied to a condenser
loud speaker; (B) corresponding
force variations^ IC and D) polarizing voltage eliminates doublefrequency effect of (B)

Some features of condenser loud speaker
design will now be discussed. The back or stationary plate of the condenser loud speaker
must be exceedingly rigid and can be made of
any stiff metal. In practice, either iron or
aluminum is generally used since they combine
the requisite stiffness with low cost. The back
plate is usually perforated to permit free
passage of the air between it and the diaphragm in order to minimize the loss due to
air damping between the plates. A compromise must be secured since too few perforations will allow excessive air damping and too
many perforations will cut down the effective area of the plate and hence the force
between the plates, thus materially reducing
the sensitivity of the device (see Fig. 3).
The diaphragm itself may be made of exceedingly thin, tough metal such as certain
of the alloys of aluminum. When so constructed, itis usually very tightly stretched
in order that its fundamental natural frequency shall be higher than the highest audiofrequency which it is desired to reproduce.
In this way, the natural frequency of the
diaphragm will lie entirely outside of the
usual audio-frequency range and, therefore,
will not cause serious distortion. In one loud
speaker designed by Hans Vogt, the metal
diaphragm for a 14-inch diameter loud
speaker is only 0.015 inch in thickness and
weighs less than 0.14 ounce, and is stretched
to have a fundamental natural frequency
above 15,000 cycles per second.
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Input
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Fig. 4 — Schematic drawing of a
push-pull condenser-type loud
speaker

Push-Pull Design
IN LOUD speakers constructed on
ciple, the insulation between
phragm and the stationary plate is
film of air. In the speaker designed

Diaphragm

this printhe diausually a
by Vogt,

Fig. 3 — Perforated stationary plate
reduces air damping in condenser
loud speakers
the push-pull principle is used as shown in
Fig. 4, i.e., the diaphragm is placed between
two stationary plates, the diaphragm is under
no initial stress with respect to the back plates,
and second-harmonic distortion is eliminated.
A possible
formis ofto construction which objection
occurs to to
the this
writer
be found
in the fact that there is no free passage for the
sound from the diaphragm since both surfaces are masked by stationary plates. However, it is claimed by the inventor that this
form of condenser loud speaker is quite sensitive and has a long, flat frequency-response
curve. The diaphragm sometimes consists of
thin, flexible insulating material such as india
rubber, gelatine or paper, coated on the outside with gold or aluminum leaf or painted
with a conducting material such as graphite.
This type of construction has several advantages. In the first place, such a diaphragm is
exceedingly light and has no pronounced
natural frequency of its own. Second, since
it does not have to be tightly stretched, the
• april, 1929
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sensitivity of the apparatus is increased.
Third, the insulating material has a property
which is known as the dielectric constant and
for most insulators, this is greater than for
air. Since the force between the plates for a
given voltage is proportional to this dielectric
constant, a greater force is obtained with such
a loud speaker than with one in which air is
the sole insulating material.
In one condenser loud speaker recently designed byColin Kyle, the back plate is perforated and ribbed. Over this back plate is stretched
a rubber-like material, called Kylite, on the
outer side of which is cemented a thin, flexible conducting coating which serves as the
diaphragm, as shown in Fig. 5. There are
wedge-shaped air spaces between the diaphragm and the back plate. Under the action
of voltage applied between the diaphragm
and the back plate, these wedge-shaped air
spaces tend to become narrower, hence the
whole diaphragm behaves as if constructed
of a multiplicity of small diaphragms acting
in synchronism. It is claimed by the inventor,
that this construction yields good sensitivity
and
a good
Whileusedit inis
claimed
that frequency-response.
the dielectric material
the Kyle loud speaker has a long life, certain
experimenters have found that non-conducting diaphragm materials are apt to change
their properties with changes in weather
conditions and age. The thickness of the di
electric material in the Kyle loud speaker is
0.005 inch and has a dielectric constant of 3.
However, reference to Fig. 5 will show that
the force for the given voltage is not equal
to three times that of the air-insulation loud
speakers since, in this instance, the actual
dielectric is a combination of Kylite and air.
Therefore, the force is somewhat greater than
for air dielectric, but not nearly as great as
if the dielectric was Kylite solely. The loud
speaker is constructed in units 8 inches by
12 inches. Any number of these units may be
connected in parallel in order to give a large
surface from which to radiate the sound. As
many as 96 of these units have been used together. When a large number are employed
at the same time, it is usual to place them
on a slightly curved surface in order to prevent the radiated sound from being too directional. The capacity of each section of the
Kyle loud speaker is 0.004 microfarads.
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Coating
type loud speaker is
inversely proportional
-Metallic
to the frequency, the
Kylite
zzclzozzqz:
division of voltage between the resistance of
the last stage tube and
-,-Q-U-CL-the condenser-type
:zaz&znz:
ZZOZDZU.Z
--QZHT-DZ loud speaker will
change with the frequency ;the voltage
across the loud speaker
being greatest at low
frequencies
and smallest at high frequencies.
FRONT
REAR
This quality can be
SIDE
compensated by proper
Fig.
5
—
Schematic
drawing
of
design of the coupling
the Kyle condenser loud speaker
transformer or by the
introduction of resistance in series with the
to give the details of such design unless the
condenser-type loud
characteristics of the loud speaker
speaker as shown in precise
to be used are known.
Fig. 6d. The resistor
used must be of the
Conclusions
best quality in order
that no extraneous
noise shall be introIT MAY be seen from the above discussion
duced into the loudthat the condenser-type loud speaker has
speaker circuit. This many advantages and disadvantages. It is
Fig. 6 — Circuit arrangements employed for conlatter method im- impossible, at this time, to make a valuable
necting a condenser loud speaker with various
prediction as to the ultimate survivor in this
proves the frequencytypes of a.f. amplifiers
response characteristic
field. With present-day power amplifiers, the
at the expense of the questions of sensitivity and efficiency are
sensitivity of the loud speaker, hence, a second to that of good frequency-response
Baffleboard Required
be
effected between the and if it can be shown that practical condencompromise must
JUST as with loud speakers of the electro- two. In Fig. 7 are shown curves of the voltage
ser-type loud speakers are capable of better
dynamic type, it is necessary
frequency-response characteristics than magto use a baffleboard or baffle
netic or electrodynamic types, at least for
1 BETWEEN CONDENSER
1
VOLTAGE DIVISION
cabinet in order to radiate the
the time being, this type of loud speaker
AND RESISTANCE FOR DIFFERENT FREQUENCIES
should find a ready market. However, it is
lower audio-frequency tones. The
only fair to say that the issue is not a simple
same rules apply to the calculaone and neither type has as yet been proved
tion of baffles for this purpose as
of last Stage
in the case of electrodynamic
to outclass the other. It is hoped that within
Equivalent
Circuit
ser
Speaker
the near future it will be possible to publish
loud speakers.
The radio set and associated
Tube and Conder
frequency-response characteristics together
with the efficiencies of condenser-type loud
\tRpC=loir •
audio-frequency amplifier must ,
speakers
manufactured
recephave the same properties as those "
tion. Until
this can be for
donebroadcast
no reasonable
required for good reproduction
final judgment can be made for or against
with magnetic and electrodyJ!pC=150
the condenser-type loud speaker as compared
namic loud speakers with the exRpC^O0^-~~^__
with the standard types now available.
ception of the arrangement of
the circuit for the output of the
[Editor's Note: This is the third article on
loud speakers which Mr. Morgan has written
last audio-frequency stage, and
for
Radio Broadcast. The two preceding
the provision of a suitable polararticles discuss the relative merits and disad1000
2000
3000
izing voltage. Whereas the imFREQUENCY |N CYCLES PER SECOND
vantages ofother types of loud speakers and
pedance of the electrodynamicreaders desiring further data on the subject of
type loud speaker is usually very
Fig.
7
—
Curves
showing
voltage
ratio
of
reproducing devices will find them of interest.
low, averaging approximately 25
condenser and tube resistance at various
ohms at 1000 cycles, and the
The first, '"All About Loud Speakers," appeared in August, 1928, Badio Broadcast,
frequencies
impedance of the average magnetic-type loud speaker is about
page
188,
and the second, "All About the
ratio for different values of resistance. RPC
5000 ohms at 1000 cycles, the impedance
Editor]
Dynamic Loud Speaker," appeared in Januin these curves is the product of the resisof the condenser-type loud speaker is very
ary, 1929, Badio Broadcast, page 159. —
high, that is of the order of magnitude of
tance in ohms and the capacity in micro50,000 ohms at 1000 cycles. It is, therefore,
farads. Kylevalue
recom-of
mends
the
evident that circuit arrangements must be
somewhat different in the case of the condenBPC = 65 for a single
ser loud speaker in order to obtain the proper
section; BPC = 100
for
a four section;
impedance relationship. If a transformer is
used to couple the loud speaker with the BPC = 180 for a
twenty-four section
output tube of the audio-frequency amplifier, it must have a step-up ratio instead of loud speaker of the
a step-down ratio such as is usually employed
Kyle type. It is, of
for other types of loud speakers. Such an ar- course, possible to derangement isshown in Fig. 4. The last tube
sign the audio-fremay be impedance coupled as shown in Fig.
quency amplifier
in
such
a
manner
as to
6a. However, if a low plate impedance power
tube is used in the last stage, this is a very
a rising freinefficient method of connection. A method for have
quency-response
characteristic
which
connecting this loud speaker with the pushpull amplifier is shown in Fig. 6b. Where the will compensate the
last tube in the set is a power tube, such as falling frequencythe 210 or 250, the B voltage may also be used response characteras the polarizing potential for the condenser
istic ofthe condenserloud speaker, as shown in Fig. 6a. Sometimes
type loud speaker. In
it is desired to use a separate source of polar- this way, a maximum
izing voltage in which case a step-up trans- response may be
former, a 20lA-type
tube, andas ashown
1-mfd.in obtained with a
filter condenser
are connected
A close-up view of the front and rear of a section of
very flat frequencythe Kyle condenser loud speaker. The perforated
Fig. 6c to provide the polarizing voltage.
response
characterplate is to the rear
istic. Itis not possible
Since the impedance of the condenserSe371
•
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Well- Balanced

THE nomination of Arthur BatcheUer,
Radio Supervisor for the Second Zone,
to succeed O. H. Caldwell as Federal
Radio Commissioner for the First Zone, and of
Cyril M. Jansky, Jr., to the Fourth Zone
Commissionership, both of whom probably
will receive recess appointments from President Hoover before this issue is off the
press, is one of the most encouraging indications of better federal regulation of
radio which has occurred during the last
few months. Both of these men possess
high technical qualifications and long and
intimate experience with allocation problems.
Their addition to the Commission will make
it a well-balanced body, both from the technical and legal standpoints. We look forward
to greater progress from now on and regret
that these men inherit a situation so complex
that it prevents them from exerting their fullest effectiveness.
The testimony before the House Committee
on Merchant Marine and Fisheries on the radio
bill extending the life of the Federal Radio
Commission as an administrative body brought
forward little that is new to those well informed on radio broadcasting. With respect
to the continuance of the Commission, only
Commissioner Caldwell, who has already
left the body, effective February 23, raised
a voice in protest against the commission form of regulation. The remaining
members of the Commission are convinced
that so many of their problems are unsolved
that the present tenure of the Commission
should be continued. Broadcasting interests,
in general, were indifferent as to whether the
machinery of regulation functioned through
the Commission or through the Department
of Commerce.
As this issue goes to press, Congress passed
a bill continuing the Commission until December 31, 1929. There is every hope that President Hoover will seek competent men, who
have some understanding of broadcasting
problems, to fill any future vacancies.
HIGH-CALIBRE MEN NEEDED
While broadcasting is paramoimt in public
attention, the allocation of high frequencies
presents even more difficult technicalities
which make it all the more necessary to appoint Commissioners with considerable specialized knowledge, as is the custom with other
commissions like the Interstate Commerce
Commission. Congress has shown a disposition to meddle with the details of radio
regulation and the past record of the Commission, of failure to tackle its problems
actively and aggressively, makes it difficult to
secure men familiar with the situation and
competent to deal with it. The recent nominations, however, indicate that men of high
calibre can still be attracted to the onerous
duties of Federal Radio Commissioner.
The loss of Commissioner Caldwell, whose
firm adherence to principle often led him into
difficulties, is one which will be felt- most
seriously by those who regard broadcast
allocation in its broad national aspects rather
than from the viewpoint of individual stations
-or political districts. Caldwell has a better
understanding of broadcast allocation as a
national and engineering problem than any
other member of the Commission, past or
present, and he has done more to educate the

Federal

Radio

Adolph F. Linden, president of the
American Broadcasting Company
which operates the ABC Western
Network
public and the politicians in the actual difficulties with which the Commission is faced
than any other Commissioner. May his shoes
be filled by an equally nationally minded commissioner with an equally good engineering
background and fully possessed of the diplomatic ability to make that knowledge effective. We hope that Mr. Batcheller will waive
his natural reluctance to accepting this
appointment.
Sam Pickard, Commissioner for the Fourth
Zone, submitted his resignation to the Commis ion inorder to become Vice-President of
the Columbia system. He has risen rapidly
from chief of the radio service of the Department of Agriculture to Secretary of the
Commission, to Commissioner, and finally
to his present position. The congested conditions ofthe Fourth Zone made his position
as Commissioner especially difficult and frequently necessitated reversals of policy, invariably bringing him new difficulties. He
faithfully represented the interests of his
zone and succeeded in making himself liked
by the broadcasters in spite of the problems
which his duties entailed.
Congress Considers the Commission s
Record

ency
of forty high-frequ
allocation
THE
Wireless Comto the Universal
channels
munication Company was quite severely criticised before one of the committees in
these same hearings. Judging from the testimony, little evidence was obtained by the
Commission as to the competence of the company in making good use of the vast allocation
made to it. If the Universal people ever do get
under way with actual commercial communications, they have at least had the benefit of
nationwide publicity which should attract
business to their channels.
• april, 1929
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Commission
The broad question of whether radio competition with established wire systems of communication isdesirable or not is a delicate
one to discuss. It has been established quite
definitely as a general principle that communication systems are most efficient as monopolies
but, as such, shoidd conduct their operations
strictly in the public interest without discrimination and at a carefully regulated rate
of profit. The Radio Corporation of America
is desirous of establishing a nationwide radiotelegraph network for the distribution and
collection of its foreign trans-oceanic message
business. The Universal Wireless Communication Company is seeking to compete directly
with the telegraph companies.
RADIO VS. WIRE AND CABLE
Radio is equipped to handle such a small
proportion of the total wire message business
that all the fussing, about competition with
wire communication is still considered a
matter of insufficiently significant importance
to the wire companies to be worth opposing
actively. Radio is, however, a severe competitor to the transoceanic cable systems and
has been effective in substantially cutting
cable rates. It is for this reason that the overland wire services, with their extensive cable
affiliations, have not particularly welcomed
the Radio Corporation and have rebuffed its
overland message business, making it almost
imperative for the R. C. A. to establish a
competitive radio distribution service.
Single radio links over long distances can
be maintained at lower cost than corresponding wire links. Therefore, a small independent
communications company could readily compete with a telegraph system between a few
particular points. But the small total volume
of traffic and the comparatively few cities
which could be taken care of under present
conditions would not warrant the scrapping
of telegraph systems in part or in whole, while
any channels which might be so used would
ultimately be required for greatly increased
foreign communications. The technicalities
and economics of the high-frequency allocation problem and the relation of independent radio and wire systems is altogether too
complex for brief annual consideration by
Congress. The more competent the men who
serve on the Commission, the sooner such
problems will be left to it.
IN HIS appearances
before
the House
mittee on Marine and
Fisheries,
HenryComA.
Bellows, former Federal Radio Commissioner,
now Manager of wcco and Chairman of the
NationallativeAssociation
of Broadcasters'
LegisCommittee, testified
that the Association favored a gradual rather than a drastic
re-allocation of frequencies. In such reports
of the Association's deliberations as were
circulated officially, there was no evidence of
any formal declaration to this effect by the
membership of the Association, but Bellows,
undoubtedly, in his position as Chairman of
its Legislative Committee, must have spoken
with authority.
A BILL,
seeking toof appropriate
$50,000 fo'
the erection
a standard-frequency
station somewhere in the center of the United
States, has been placed before the House.
Such a station would be extremely valuable
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to laboratories calibrating crystal oscillators
for use in the broadcast band But who knows
how to maintain the standard station on its
standard frequency?

most desirable stimulant to engineering carefulnes inthis respect.
H. B. Richmond of the General Radio Company states that the cost of a temperaturecontrolled crystal for monitoring by the beatfrequency method is about $1000, but that
control of a station by amplification of the
crystal-controlled oscillator is worth about ten
times that much. It is doubtful whether the
present plan of ten-kilocycle separation can
be maintained in full operation without any
inter-channel heterodyning unless automatic
control of station carriers becomes the rule.
Reliance upon the beat-frequency method is
the principal cause of the widespread disregard of the 500-cycle regulation.
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More Discussion on Frequency Control
ns were submitted
questiotions
S of associa
A SERIE
to various
in the radio
field by Dr. J. H. Dellinger, Chief
Engineer of the Federal Radio Commission.
None of these was more interesting than those
concerning the regulation of frequency stanizing experiion
and
bility
synchro
e of
ments in theregulat
broadcastof band.
The Institut
Radio Engineers Committee reported that
the maintenance of a station on its frequency
within fifty cycles is quite possible and comRegulation of Allocations Attempted
mercially feasible. The National Electrical
Manufacturers Association Committee, howIHE New Jersey State Legislature is conever, stated that the Commission should considering the advancement of radio legislation supplementary to Federal statutes
tent itself in maintaining 500-cycle stability,
because that would affect as great economy
in the effort to "relieve conditions existing
in channels as 50-cycle regulation.
since the new allocations," according to J. K.
These differing opinions seem to us quite Woods
of the New Jersey Broadcasters Association. Since radio communication is distinctly
accountable in view of the sources of inforinter-state function, certainly no state
mation. The engineers'
viewpoint
is that of an
legislation is possible which would interfere
the laboratory
physicist who
has demonstrated
under laboratory conditions and expert super- with or direct Federal regulation. The State
vision that an oscillator may be maintained . of New Jersey is afflicted with many very
within 50 cycles of its average frequency. On \- small broadcasting stations in the metrothe other hand, the manufacturing people 1 pohtan area of New York, necessitating considerable time sharing. The leading New
know that it is next to impossible to grind a
crystal to the precisely correct frequency or to Jersey station, wor, is not considered by the
Association as a New Jersey station, because
determine accurately just what its frequency
is. It must be remembered that the objective it obviously serves the entire metropolitan
of maintaining a station within 50 cycles of its area. The Commission has shown clearly that
frequency is to enable stations to share the New Jersey stations are receiving the consideration which is their due under the Davis
same channels with reduced mileage separation, not to prevent overlapping of carriers Amendment and only by moving the State of
on neighboring channels, that objective being New Jersey into the Fifth Zone can the
present discontent be alleviated. The southern
satisfied with the obviously feasible 500-cycle
and western part of the State could use the
regulation.
smaller New Jersey stations to much greater
A 50-cycle deviation produces a maximum
heterodyne of 100 cycles which is not heard
effect than the over-served metropolitan area
as a carrier whistle in the loud speaker. But of New York.
a sub-audible beat, even as little as 15 cycles,
has the unfortunate result of producing a
In the World of Broadcasting
ragged effect by modulating the audiofrequency carrier component. While it is
rs
Publishe
n Newspa
America
THE
ion has
Associat
made per
a survey
of the
possible to maintain two oscillators which
radio situation. Its report states that
happen to be in step for some time, experience
radio lineage in twenty cities increased but
has proved that sooner or later a fundamental
change takes place in one or the other crystal 29.8 per cent, from January to October. This
and the two oscillators cannot be kept in ought to satisfy any reasonable publisher
step thereafter. Were any advantage taken of approximate
synchronization by closer geographic spacing of stations on
the same channel, then such deviations, suddenly occurring
without apparent reason, would
have the disastrous effect of ruining the service on that particular
channel. The fact that 50-cycle
stability might be possible under
experimental conditions is no immediate indication that any relief
can be obtained or more channel
space uncovered.
PRECISION OF MODERN STATIONS
The suggestion made by the
manufacturers that the Commission first strictly regulate
frequency deviations under the
present 500-cycle
limit has
is been
very
constructive.
This rule
in effect for] over a year, yet the
most flagrant violations are tolerated bythe Commission. Some
difficulty was experienced in obtaining|satisfactory crystals when
the order first went into effect,
but certainly there has been
time for the technical staffs of
stations to solve the problem of
maintaining their carriers within
500 cycles. A good example of
license revocation would be a

that the editorial space devoted to radio is
worth while, but many publishers nevertheless
express the opinion that radio programs ought
to be classified advertising, paid for by the
radio stations themselves. The newspaper
publishing business is immensely profitable
and we feel inclined to offer the ingenious publishers some other suggestions which may
serve to increase their revenues. News of the
courts should be paid for as classified advertising by the community; police news should
be paid for by municipalities at a classified
rate; each stock exchange listing should be
charged for at so much per line; death notices
should certainly be charged to the estates of
the deceased because they cannot protest;
news of disasters could well be paid for by the
War Department, and huge revenues could
be collected from such gentlemen as the handsome Grover Whalen and the stylish Jimmy
Walker. The publishers really have not
scratched the surface; if they had any imagination, they could so increase the revenue of
newspapers
that people could be paid to read
them.
THE tendency to regard broadcasting as a
public utility is further strengthened in
the brief of the Federal Radio Commission in
the wok case which states that "broadcasting
stations, either partly or wholly, contain all
four of the elements usually found in public
utilities. By reason of the laws of nature,
they serve the entire public within their area
without discrimination; if they attempted discriminationcould
byemploying
a formonlyof with
trans-a
mission which
be received
patented device and could not be received
with the ordinary receiving set, the Government would soon put an end to the practice.
That they are under an obligation to give
service during all hours at which the public
usually expects to receive broadcasting has
already
recognized
This isbeen
a clear
statementby ofthetheCommission."
obligation of
a broadcasting station assigned to a channel
to utilize that channel, but there are nevertheless some important differences between radio
and recognized public utilities. There are
technical limitations which strictly define the
amount of traffic which can be handled in
broadcasting or high frequencies. A public
utility must prepare itself to meet all reasonable public demands for the service which
its franchise covers. Public service commissions may order railways to
purchase more cars or to extend
service while, with radio communication,-such extension cannot invariably be made and the
time will come when it will become next to impossible. Certainly the obligation of public utility
regulation, requiring service to all
who apply and can afford the
service under reasonable conditions, cannot possibly obtain in
radio communication.

By means of two 6-foot loop antennas, the U. S Navy are
taking cross bearings on static between Anacostia, D. C,
and Lakehurst, N. J. In this way they are able to forecast
the direction and intensity of storms
april, 1929
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THE
effectiveness
of thelimiting
chain
broadcasting
order,
the radiation of chain programs
to points more than 300 miles
apart, has again been postponed
by the Commission. So long as
the non-chain stations assigned
clear channels are of comparatively low power, chain programs
are bound to dominate the clear
channel region.

National Broadcasti
theComby ng
A STATEMENT
program
pany, analyzing the ystatio
ns,s
offered through theirke
wjz and weaf, indicates the still
further reduction of the percentage of time devoted to jazz
music. The analysis shows 15
per cent., or 36 hours a week,
devoted to that type of music,
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28 per cent, to classical, 10 per cent, to
novelty and ballad, 4 per cent, band music,
2 per cent, radio drama, 14 per cent, to what
is described as balanced features, involving orchestral music, artists, and featured
speakers, that is, the typical commercial
variety program, 8 per cent, religious, 6 per
cent, educational,
per cent,material,
women'sandpro-a
grams, 4 per cent,6 health
varying percentage, from 5 to 25 hours a week,
to national events. The leading broadcasting
systems in foreign countries employ a much
larger percentage of their time in spoken and
educational features. The tendency in the
United States is to appeal to the entertainment demand of the radio public rather than
to present the less broad appeal to the educational feature.
THE final breakdown of the opposition of
vaudeville business to broadcasting was
accomplished when the Radio-Keith-Orpheum
hours were inaugurated as regular N. B. C.
features.
obvious broadening
appeal is An
accomplished
as a result ofof radio's
recent
mergers of the theatrical and concert fields by
the consolidation of Radio-Keith-Orpheum
and Victor. This is the practical consummation ofa trend predicted in past editorials.

Circulating energy at radio frequency, when handled in large
amounts, sometimes goes astray.
The picture shows the result of an
r. f. feedback flashing from the
tank circuit of a 50,000-watt broadcast transmitter (WJZ).
A GREAT deal of publicity attended the
experiments of klcn of Blytheville,
Ark., which transmitted special programs
from one to four a. m. on 1290 kc, using only
seven and a half watts power. At the particular hours involved, freak reception over great
distances is possible. This, however, is so far
short of reliable program service that it is of
no great practical value. Short-wave amateur
communication to all parts of the world on
very small powers is in the same category.
Reliable broadcast reception and reliable
commercial radio communication must be
successful not only under extraordinary conditions but must be of service value at all
hours and seasons. It is to be hoped that the
successful freak reception of a little Arkansas
station in various parts of the country is not
regarded as evidence that much lower powers
in broadcasting are desirable.

STATION kfab announces that it will
broadcast a news service from 9 to 9:30
a. m. and from 6 to 6:30 p. m., the news to be
gathered by its own reporters, stationed
throughout the State of Nebraska and at
neighboring points. Legislative news will be
reported directly from the floor of the legislature. This is the first instance of a broadcasting station relying upon its own newsgathering force.
THE resumption of international broadcasting on a much more advanced technical standard was offered as a surprise to the
radio audience through the N. B. C. networks
on February 1, when a program picked up
from 5sw, the B. B. C. short-wave transmitter
at Chelmsford, England, at Riverhead, Long
Island, was put on the air through that broadcasting system. The noise level was high, but
otherwise the experiment was entirely successfid and promises an increase of international
program exchange.
Amateur and Commercial Radio
ARISTIDE BRIAND opened the first
J\ cation
direct between
radio telephonic
Paris andcommuniBuenos
Aires early in February. This span of 6870
mUes represents the longest commercial radio
telephone link, although this record will be
exceeded when the New York-Buenos Aires
link is put into final operation.
AN INTERESTING instance of the use of
transatlantic picture transmission occurred when sketches of a damaged rudder
were sent from England to the United States.
The cargo liner Silver Maple damaged in
a storm and awaiting repairs in Bermuda, was
saved
than abecause
week's the
time,transmission
estimated at
a value more
of §7000,
of
the sketches by radio enabled a shipbuilding
company in Pennsylvania to begin work on
the needed parts that much sooner.
ALTHOUGH the conference, held in
Canada for the allocation of high frequencies to stations in the North American
continent, did not reach a final conclusion, it
was agreed that Canadian amateurs shall be
permitted to exchange messages with amateurs of the United States and the Philippine
Islands of a nature which woidd not normally
be transmitted by any existing means of
electrical communication and for which no
tolls are charged, for communication with
isolated points, having no regular means of
message exchange, and for special transmis ions ofany essential character in emergencies and floods. This is strictly in accordance with the International Radio Telegraph
Convention.
THE

Mackay Radio and Telegraph Company issoon to place in operation its transoceanic radio service, utilizing the re-conditioned station at Sayville, operated before
the war by the Telefunken interests. Several
transmitters have been installed, including
one with power up to 100 kilowatts. At the
time the announcement was made, the Mackay people were still waiting for a license from
the Federal Radio Commission.
THE rescue of the crew of the Florida by
the America emphasizes again the value
of the radio compass. Due to drift and the
difficulty of determining bearings by navigating instruments under difficult conditions,
those ships relying on the Florida's statement
of position searched for it in vain. The America, radio-compass equipped, was successfully
guided to the spot. Some consideration is
being given to making compass equipment
compulsory.
GEORGE R. PUTNAM, Commissioner of
Lighthouses, suggests that ships hearing
SOS calls triangulate their compass readings
so that the exact position of the distressed
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vessel may be determined more accurately
than is possible .when bearings are taken from
a single point.
AlOO-watt
transmitter,
suited has
for
installationradio
on all
types of aircraft,
been announced by the Radio Corporation of
America. The standard equipment includes
a wind-driven generator, although the transmitter may be powered from a dynamotor,
energized from the usual 12-volt battery sys-

The above illustration shows the
quality of pictures which are now
being sent over telephone wires by
the American Telephone and Telegraph Company. It is actually difficult to detect a difference between
the original and the reproduction
tern aboard the craft. It has a 150- to 200-mile
telephone range and a 500- to 800-mile range
with continuous-wave transmission. The total
weight is 89 pounds. Means are provided to
use the amplifier for an inter-phone equipment. The Radiomarine Corporation has also
developed a special beacon receiver, covering
a range from 580 to 1100 meters.
RADIO
RETAILING'S
annual surveybusiof
radio sales
predicts a $650,000,000
ness for industry during 1928. — E. H. F.
AT Directors
THE January
the Board of
of themeeting
Badio ofManufacturers
Association, Joseph L. Ray, General Sales
Manager of the Radio Corporation of America, B. J. Grigsby, President of the GrigsbyGrunow Company, and Allan G. Messick,
Chairman of the Board of the U. S. Badio
and Television Corporation, were elected
directors, succeeding three who had previously
resigned. It was announced that the Trade
Show at Chicago, starting on June 3, this
year will embrace the Blackstone and Congress Hotels as well as the Stevens. This may
prevent non-BMA members from securing
exhibit space adjacent to the Stevens this
season as has been customary in past years.
An arrangement has been made for the sponsorship under RMA auspices of broadcasting
features presented by certain members of the
association. A tentative schedule for fourteen
weeks of RMA programs has already been
arranged
Progress was reported on numerous other for.
activities.

Practical

THE

ROUTINE

Use of Diagnoser
IF THE routine of testing used is to be
equally applicable to all sets, then testing
equipment must be used which may be applied to all sets with equal facility. The socket
contacts of the average modern receiver cannot be reached when the tube is in the socket,
and that remains true in some sets even after
the chassis has been removed from the cabinet. As it is highly desirable to make some of
the essential tests under load conditions, it
becomes necessary to use a set-diagnoser
"tester")
attain that alone
end.
If("analyzer"
for no otheror reason,
thatto application
would be ample justification for the use of
such a device.
Fortunately, the set-diagnoser has many
other advantages which make its use by all
servicemen imperative if they are to approach
closely the maximum efficiency in doing service work. The set-diagnoser has three distinct
and important advantages. It permits a number of essential tests which either are impossible or would consume a totally unjustified
amount of time with lesser equipment. It
makes all the tests that can be made with
ordinary single meters, in much less time.
And it has an exceedingly beneficial effect on
the
customer's
impression of the efficiency and
ability
of the serviceman.
Cost of Equipment
THERE are a good many servicemen and
service organizations who are of the opinion
that the cost of the manufactured setdiagnoser is prohibitive. We believe a small
amount of simple arithmetic can effectively
dispel that myth. Five minutes is a conservative estimate of the time saved on the aver-

There is nothing mysterious about
any radio. Every trouble in radio can
be found without the aid of spiritualism, psycho-anal-ism, or guess-ism

to Service

TESTING

By

THE value of an efficient, logical routine
in testing radio receivers of all makes,
models, and social standing can hardly
be over-emphasized. The Oxford Dictionary defines the word routine as: "Regular course
of procedure, unvarying performance of cerby rule."
No ofmatter
what tain
sortacts,ofperforme
work oned does,
any part
which
is purely mechanical repetition of the same
acts day after day, even though intelligence
is required to watch, tabulate, and draw conclusions from the results obtained, much time
may be saved and energy conserved by developing an unvarying system of performance of those acts. Fundamentally, there is
little difference between radio receivers, and
it is entirely practical to devise a routine
which may be used universally for the efficient testing of virtually all of them.
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JOHN S. DUNHAM
Q R V Radio Service, Inc.

age service call by the use of a good setdiagnoser (we are assuming that the serviceman knows his business, makes all the tests
he ought to make, and is thoroughly familiar
with his equipment). It is also conservative
to assume that the average serviceman can
make an average of six service calls per day.
Multiplication of six calls by five minutes per
call gives a product of thirty minutes saving
per day. The serviceman ought to bring in at
least two dollars per hour for his organization, or for himself if he is working alone. At
that rate, the saving of a half hour per day
would represent a saving of one dollar per day.
The cost to a service concern of a good setA question many dealers and servicefrequently
ask is, " What
is the
best men
order
of procedure
in servicing
receivers?" Each service problem is at
once the same as every other and different from others. Mr. Dunham, head
of one of the largest New York City
service organizations, here discusses
some of the outstanding phases of this
question, and, while he does not attempt hard and fast rules, his thoughts
should interest and help those doing
this work.
— The Editor.

diagnoser is not over $75.00. Paid for at the
rate of one dollar per day, three 25-working
day-months would accomplish that object.
For the remainder of the life of the instrument, the daily saving would be clear profit.
The foregoing computation considers only the
saving in time, while the money value of
the other advantages, added together, is
certainly equal to that of the time saved. In
the opinion of the author, two months is a
fair estimate of the maximum length of time
required for a set-diagnoser — properly used by
an intelligent, well-trained serviceman — to
payEven
for itself.
some of the radio set manufacturers
have begun to realize the value of their use,
and when manufacturers generally come to
the conclusion that any particular thing
would be advantageous in performing service
on their sets in the field, then you may be
certain that progressive service organizations
came to the same conclusion about two years
previously. The American Bosch Magneto
Corporation says, in part, in their dealer service manual: "With the introduction and
almost universal approval of the a.c.-type
radio receiver by the public, the use of some
standard and approved radio test set is absolutely essential."
Logical Routine Tests
THE ability of a radio serviceman to thoroughly and quickly discover the troubles
in any receiver is largely a function of his
ability to think logically and to approach the
problem, serenely, as one which may always
be solved by a process of orderly elimination
and orderly reasoning out of cause from effect. Every action, whether mechanical, elec• april, 1929 . . . page 375 #

trical, or chemical, which takes place in a receiver or its associated equipment, is governed
by known laws, and any variation from
normal action can be determined by known
methods. There is nothing mysterious about
any radio or any radio trouble, except to the
man who is not familiar with them. Every
trouble in every radio can be found without
the aid of spiritualism, psycho-anal-ism, or
Present-day radio receivers are composed
guess-ism.
primarily of tubes, and secondarily of circuits employed to couple and supply those
tubes. As the tubes are the heart of the machine, and the coupling and supply circuits
both arteries, veins, and nerves, so are the
tube sockets the nerve centers, at which most
of the needed information about what is
"oing on in the rest of the system may be
obtained. Therefore, any logical system of
testing must start at the sockets. More information may be obtained there, far more
quickly, than at all other points. One end of
each plate, grid, and filament circuit terminates at a socket, and the other end of each of
those circuits terminates at the same socket. At
the sockets one may get plate, grid, and filament voltages, and plate and filament currents.
Tube Tests
TUBES are at once the most important
and fragile of the things that comprise a
radio receiver. They are the most prolific
source of trouble, and, as progress is made by
manufacturers in the elimination of other
troubles, the ratio of tube to other troubles
increases.
The serviceman's
testing a receiver
should be tofirst
get asobject
quicklyin
as possible to the business of testing the tubes.
They cannot be tested properly, however,
unless the voltages applied to them are approximately correct. One must, therefore,
test filament, plate, and grid voltages at each
socket before the tube may be tested, a statement which requires a degree of modification
depending upon the type of set.
Obviously, one does not get grid voltage
reading at a detector employing a grid condenser and leak, for no grid voltage is applied
when that method of detection is used. Even
if it were, the drop caused by the very high
resistance of the leak would be sufficiently
great to overcome the small applied voltage.
Neither is it feasible to test tubes from other
sockets to which no grid voltage is applied.
In old battery-operated sets which remain
guiltless of a C battery — of which, fortunately,
there are few left — the only recourse in testing
the tubes is to abandon the set entirely, connect the batteries, and one of the 4.5-volt C

Any logical system of testing must
start at the tube sockets

z.
batteries which every serviceman should
carry, to the prongs at the end of the diagnoser cable — by means of clip-ended test
leads which should also be carried by servicemen— and make the usual IP-Eg test with the
tube in the diagnoser socket. In sets not
quite so senile, which have grid bias on the
last audio tube or both audio tubes, all of
the tubes in the set may be tested from one
of those sockets. In more modern apparatus,
most of the tubes have grid voltage applied
to them, so that those tubes may be tested
properly in the diagnoser from their own
sockets. Detector tubes employing a grid leak
and condenser, oscillator tubes, and sometimes
the first detector in a super-heterodyne, must
be tested from some other socket. Whatever
the type of set, however, all of the tubes should
be tested, at the earliest possible moment in
the routine which is possible without duplication of effort.
It is well to keep always in mind that approximately normal IP alone does not invariably
indicate a good tube. For example, there is
such wide difference between the Ip ranges of
different tubes of the same make and type,
that a tube whose IP range is higher than
normal, but whose emission (and therefore mutual conductance) has fallen off just enough,
can have a remaining IP which, at normal voltage values, is approximately the
normal average for that type of tube. It is also
possible for a tube whose emission has fallen
to a much lower point, but to the grid of
which the normal bias is not applied, by reason
of an internal open grid circuit, to continue to
show normal average IP.
Measuring Merit of Tubes
THE measure of merit of one tube against
another of the same type is its mutual
conductance. Mutual conductance is the rate
of variation of IP with variation of Eg over
the straight portion of the IP-Eg curve. A
determination of that rate is the only method
by which we may know accurately whether
a particular tube is doing all it ought to do.
All good set-diagnosers possess a means of
changing the grid bias, applied to the tube
placed in its socket, from the normal value
to zero. The amount of IP change caused by
that change of Eg is a rough but sufficient
indication of the condition of the tube. Obviously, that change will vary with different
applied voltages, and with different types of
tubes. It becomes necessary, therefore, for
the serviceman to know definitely what the
amount of that change should be for different
tubes and different plate and grid voltages.
While the author does not know of any
printed source of such information (which
doesn't
there is none),
it is innotthea field,
difficult fundprove
of knowledge
to acquire
and to anyone who is the fortunate possessor
of a technically inquisitive mind, the gathering
of that data is rather interesting.
It should be remembered that the gridvoltage reading obtained by even a 1000-ohmper-volt instrument is less than the voltage
applied to the tube when no meter load is
in the grid circuit, by the amount of voltage
drop across the secondary of the preceding
transformer. This drop is equal to the current
drawn by the meter, midtiplied by the d.c.
resistance of the transformer winding. The
drop across the secondary of an r.f. trans-

The customer cannot understand
the failure of "bad" tubes
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former, with its small d.c. resistance, is so
little that it can be neglected, but that is not
always true of the secondary of an a.f. transformer. For example, let us assume that the
grid-voltage reading obtained when testing
a tube from the first a.f. socket is 10 volts on
a 50-volt scale. Assuming a one milliampere
meter movement, its current drain would be
one-fifth of a milliampere, or 0.2 mA. Assuming
the d.c. resistance of the secondary to be
10,000 ohms, that value times 0.2 mA equals
2 volts, the drop across the secondary, so that
the actual grid voltage applied to the tube
with the meter load removed would be 12
instead of 10 volts.
Let us take another example, of an output
tube. Suppose it is desired to test a 171-type

Using a set tester has an exceedingly
beneficial
the customer's
impression effect
of theon ability
and efficiency of the serviceman
from its own socket. Assume the grid-voltage
reading to be 40 volts on a 50-volt scale. The
current drawn by the meter is, therefore, fourfiftl]s of one milliampere, or 0.8 mA. Assume
the d.c. resistance of the secondary to be the
same as that in the previous case, 10,000
ohms. Then the product of the resistance by
the current gives an 8-volt drop across the
transformer, so that without the meter the
voltage at the grid of the tube would be 48
instead of 40 volts. The drop in each of the
two examples given is approximately 16 per
cent, of the no-load applied voltage. The percentage drop will increase with increased
d.c. resistance of the transformer, and with
decreased resistance of the meter. In the
case of the 171-type tube test, with a secondary whose resistance is 15,000 ohms, and
a meter requiring 2 mA. for full-scale deflection, assuming a no-load grid potential
of 48 volts, the drop with the meter load would
be 18 volts, or more than 37 per cent, of the
applied voltage.
The important point about this grid voltage discussion is that, if the serviceman does
not know those factors and does not take
them into account when testing the audio
tubes of a set from their respective sockets,
he may be led to very false conclusions about
the tubes and the grid voltages actually applied to them. And the difference between a
serviceman who has and applies enough technical knowledge to discover such things, and
the serviceman who is devoid both of technical
knowledge and desire to acquire it, is usually
a large proportion of the difference between a
really good serviceman and one who might
possibly be a very good plumber.
From a practical business standpoint, tubes
whose emission, or mutual conductance (IP
change with Eg change), has fallen appreciably below normal should always be replaced
with good tubes. Putting a fairly good tube
in some other socket, where it may perform
practically as well as a new tube, very often
results in a no-charge return call within a few
days, to replace that tube. When the emmission of a tube starts to fall off appreciably, itusually continues to do so at a fairly
rapid rate. That is especially true of thoriated
filaments. You may expound to the customer
the fragility of tubes, the rapidity with which
they can become inoperative, and the fact
that the manufacturer does not guarantee
them, until you are reduced to whispers,
but, while he is usually willing to pay for new
tubes, he is rarely willing to pay for a return
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call made within a short time, and no amount
of eloquence will thoroughly convince him
that such a return call is not due to the negligence or inexperience* of the serviceman. And
in that belief, the customer is usually right.
Microphonic Tubes
NEXT to tubes whose emission has fallen
off, microphonic tubes give the most
trouble. The detector tube is normally the
worst offender, because the audio-frequency
variation of plate current set up by mechanical vibration of the tube elements is amplified
through all of the audio system. While that
same tube may not appear to be microphonic
to the degree that it produces a howl, when
placed in the first a.f. socket, it is not wise to
do so, because the condition usually grows
worse and within a short time the amplitude
of vibration can become sufficiently great to
produce sound from the loud speaker when
amplified by only the second transformer
and last tube. If the microphonic condition in
a set is to be remedied by shifting tubes, it
should, therefore, never be done by simply
exchanging the detector and first a.f.tubes,
but
always
selecting a quiet tube from one
of the
r.f. by
sockets,
Sometimes proximity of the loud speaker
causes a degree of additional vibration. In
these instances moving the loud speaker
farther away also removes the microphonic
condition which existed. In cases where a
separate loud speaker is used, that remedy is
always worth trying. In some cases, when
neither moving the loud speaker nor shifting
and replacing tubes will effect a cure, the
placing of lead weights — manufactured for
that purpose — on top of the detector and first
a.f. tubes may be effective. If none of those
remedies cures the patient, the only remaining
one is to re-mount the socket on sponge rubber, or other shock-absorbing material, and
make flexible leads. In normal cases, when
it is simply a case of tubes themselves, no
tube should be left in either of the two critical
sockets if the ring caused by tapping the
tube sharply with the forefinger is sustained
for more than two seconds.
There are few things more exasperating to
a serviceman than to put into a set one of
the tubes he has with him, and find it to be
open, shorted, or paralyzed. The remedy for
having poor tubes turn up on the job is to
have each man turn in for test, at least once
a week, every tube he has been carrying,
and to enforce rigidly the rule that no tube
shall ever be returned to stock, even if it has
been out only half an hour, without first
having been tested properly. If we may be
permitted to digress briefly, in closing Part
I of this article, it has always seemed to us
that the word paralyzed is the most fitting
word in the English language to express, for
practical purposes, the condition of a radio
tube whose emission has become very low.
Some years ago a radio engineer of our acquaintance took violent exception to our use
of the word, and we were unable to convince
him that Webster's definition describes the
tube's condition perfectly, insofar as its
ability to work goes, which is, after all, the
thing in which we are chiefly interested.

The serviceman' s first object in testing a receiver should be to get at
the business of testing the tubes as
quickly as possible

STRAYS
Vacuum
Tubes as
Fuses

™

IT IS COMMON knowledge that when the A and B
batteries on a radio receiver
— i are mixed up, the tubes are
ready for the wastebasket. It remains for the
General Electric Company to make use of this
sad phenomenon which frequently has expensive economic aspects. A tungsten filament
which will pass 10 amperes at 15,000 volts is
placed in a vacuum. When the current in the
circuit rises to 45 amperes the filament burns
out, and, therefore, the tube acts as a fuse.
If a fuse operating in such high power circuits
is opened in air, an arc forms and it is difficult
to extinguish it. Even when the arc is broken,
strong surges are created in the line which
are difficult to control. In the vacuum tube
fuse, however, there are enough electrons
escaping from the ends of the broken figment
to carry the current for a short period and
prevent a heavy surge, and yet the circuit is
positively opened.
SOME READERS have
Output Vs.
difficulty in Distinguishing
Voltage
between power output and
Amplification
voltage amplification. The
power output of a receiver depends entirely
upon it
the works
final tube
one's amplifier
load
into.in With
a given and
load theit
requires a certain a.c. voltage on its grid to
produce this power output. (See "HomeStudy signal
Sheet from
No. a14").
one voltage
has a
strong
local Now
stationif the
amplification between antenna and grid of
the power tube needs to be only of low value
to produce this a.c. voltage on the grid of the
power tube. If one lives twice as far away he
must have four times the voltage amplification to produce the same voltage on the
tube's
and provide
if he lives
miles hegrid,
must
muchseveral
more hundred
voltage
amplification. The power output has not
changed at all — but the voltage amplification
of the entire reciever may become many thousand times as great.
Suppose a receiver is so sensitive that with a
field strength of one microvolt per meter
across the antenna, it provides 50 milliwatts of undistorted output from the power
tube. To deliver this much power the tube
may require an a.c. potential of 7 volts, r.m.s.
on its grid (A 171 working into twice its plate
resistance). If the antenna is four meters high,
the antenna-ground voltage is 4 micro-volts.

Fig. 1

from

THE

LABORATORY

The overall amplification of the receiver under
these conditions is 7-5- 4.0 x 10~ 6, or approximately 2x 106, or two million.
If, however, the listener lives within a
mile of a 50-kw. station, he may get a voltage
across his antenna-ground coil of 2 volts. He
needs only a voltage amplification of 7-v- 2
or 3.5 to get the same power output.
Possibly power output and voltage amplimous. fication are related but they are not synony-

The following are among the Subjects
discussed in "Strays" this Month:
1. Vacuum Tube Fuses
2. Output versus Amplification
3. Cause of Winter Static
U. Experiments With Pentodes
5. "Phantom" Power Tubes
6. Novel Dynamic Baffle
7. Life of a. c. Radio Tubes
8. Amateur Intermediates
Cause of
" MR. H. C. JACKSON, of
Brooks, Iowa, sends us an
Winter
interesting account of
Static
mm "snow static." Static in
the winter is not uncommon; it must be
something of the same phenomenon which
causes static in a shipboard receiver when the
"old man" blows the whistle in a fog. However, Mr. Jackson's letter gives some data
on
the subject.
"We are
in the
midstwill
of inan
electrical
snow storm
which
I think
terest you. It is of the hard dry variety driven
by a strong wind, and is of the type which the
Middle West designates as a blizzard. The
storm began by a heavy snowfall without
wind but accompanied by heavy static of the
steady crashing variety. That was about 12
to 15 hours ago (Last evening). This morning
no static was noticeable on a HammarlundRoberts
"Hi-Q but
Six" about
receiver
volume
well advanced,
9:00with
a. m.theI noticed
the regular putt-putting usually associated
with a faulty grid connection. As the first step
in locating the trouble I removed the antenna
wire, and, while holding the bare tip of the
wire in my fingers, I chanced to touch the
chassis of the set. The resu't was a considerable shock. Upon holding the antenna wire a
half to three quarters of an inch from the
chassis (which is grounded) a distinct corona
appears which may on occasions be drawn
out to one and one quarter inches, accompanied by a faint hissing. Upon coming within
three eighths to one quarter of an inch of the
chassis, sparking occurs, which becomes a
continuous flame at one sixteenth of an inch.
As I have not connected the set to the antenna
to attempt operation for more than an hour, I
do not know whether there is static or not at
the present time. The strength of the corona
varies with the intensity of the wind and
when the sparking at one quarter of an inch
is permitted, it produces the putt-putt which
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first attracted my attention. My antenna is a
stranded enameled copper wire 100 feet long
plus a 45-foot rubber-covered 14-gauge lead-in
wire dropping direct from a height of 40 feet.
The ground wire is connected to a lightning rod.
I am not using a lightning arrester during
WE HAVE already menExperiments
With the
tioned the Pentode, a new
tube that has, as yet, not
Pentode
winter."
been manufactured in this
country, but which has attracted considerable
attention in England and on the Continent.
George Uzmann gave us the opportunity to
take a Phillips type b-443 valve into the Laboratory to see what would happen when we
put a.c. voltages on the grid. The circuit is
shown in Fig. 1 and the output power as
the load resistance was varied with constant
input voltage is shown in Fig. 2. The output
power at various input voltages with a constant load of 25,000 ohms is given in Fig. 3.
These figures are very interesting. With a
plate potential of only 150 volts, a plate current of only 10.0 milliamperes, and with an
a.c. input potential (r.m.s.) of only 12 volts,
we were able to get 725 milliwatts into a
25,000-ohm load. Compare this with a 171type tube which, to produce 700 milliwatts of
power into a 4000-ohm load, requires an input
r.m.s. potential of about 27 volts, a plate battery of 180 volts and a plate current of about
20 milliamperes.
This tube requires 0.15 ampere at 4.0 volts
for its filament. Whether or not this tube
would stand up in practice we cannot say.
There is one distinct disadvantage — the high
plate resistance. When a 540-aw loud speaker
was placed in the output of this tube, the
quality was poor because of the comparatively
low impedance of the loud speaker at low
frequencies. With an output transformer of
proper characteristics, the transmission of
good quality from tube to loud speaker should
be There
possible.
is this difference between our power <
tubes and this Pentode — which has three
grids, one attached permanently to the filament, one attached to the B plus, and the
third corresponding to our signal grid — and it
is the fact that its much higher plate resistance
implies that much smaller plate current variations are necessary to supply a given amount
of power. For example, the 171-type tube with
a steady plate current of 20 milliamperes,
0.80
ZJia. 0.60
0 0.40
w
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must have a maximum a.c. plate current at
times of this order, i.e., 20 mA. This a.c. current into the load of 4000 ohms gives us the
power output. The Pentode with a steady
plate current of 10 mA. will deliver the same
power into its 25,000-ohm load with an a.c.
current that is much smaller. In other words,
the filament need not be so heavy nor consume
so much power.
The Pentode is distinctly a battery tube.
Its filament and plate power to deliver a very
respectable power output is less than required
with present-day 112-type tubes.
The characteristics of the tube as given by
the manufacturer are presented in Table 1,
and a characteristic curve in Fig. 4.
Table I
Filament voltage
Filament current . ....
Plate voltage
Screen-grid
Amplificationvoltage
factor
Internal plate resistance .
Mutual conductance
C bias
Normal plate current

4.0
0.15
50 to 150
50-150
100
87000 ohms
1500 micromhos
16 volts
10 mA.

Will we have Pentodes in this country?
We don't know. We shall take more characteristics inthe Laboratory and present them
in this department in the near future.
THE FOLLOWING letter
"Phantom"
from Albert Allen KetPower
chum, of Coulterville, IlTubes
linois, describes a phenomenon that has been observed by many
users of oxide-coated-filament power tubes.
It is a kind of fluorescence which takes place
when certain substances, usually organic
salts, are exposed to visible or ultra-violet radiations or cathode rays. During this exposure
these substances give off a light which is of
different color than that color they reflect,
and is related to the color they absorb most
readily. The organic substances are in the
oxide coating and do not indicate, as some
believe, that the tube is defective or short
lived.
a "Phantom"
in the
form"I ofhave
a deForest
171a. At power
least, tube,
there occurs
in it a phenomenon the like of which I have
never seen before in my several years of experience with radio, and I thought perhaps
you could explain it to me, or perhaps it may
be new to you.
"I discovered this freak ghost to-night for
the first time. As I turned on my set and tuned
in a station I happened to be looking at the
power tube and noticed a shadow moving on
the plate. First I thought it was reflection
from my clothing but upon more careful observation noted
I
that the shadow moved in
cadence synchronous with the speaking and
music, up and down along the outside face of
the plate. Then I began to study it. When the
music or speech stopped it stopped, when bass
notes were played it made a deep jump and
when banjoes or lighter instruments were playing it danced a merry little jig up and down
in short quick movements. It was not a reflection from a brightening or dimming of the
filament of the tube, for I studied it and it
seemed as near as the eve can tell to remain
0.40

0c/) 0.20
t<
5
0.10
10

20

constant. Besides the plate is opaque and it
would be impossible for the filament rays
to pierce it. This shadow had the appearance
of a phosphorescent glow, and seemed to be
more greatly agitated with the human voice
than with music.
"Can ever
you hadexplain
it? This ofis seeing
the first
time
I have
the privilege
at least
a part of radio at work!"
Novel
' WE HAVE often mentioned the unsightly baffleBaffle
Dynamic
board which seems necesiii sary for dynamic loud
speaker operation. At least three square feet
of baffle is necessary if notes as low as 100
cycles are to be reproduced. One way to
solve the difficulty is disclosed in the following letter from A. A. Abels, of Dumont, New
Jersey.
"Being the proud possessor of an nh-10
Newcomb-Hawley dynamic loud speaker, I
was particularly anxious to take advantage of
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the utmost of its excellent frequency characteristic.
"I occupy a rented house, and could not,
therefore, secure the infinite baffle effect obtained byplacing the loud speaker in the wall,
as described in the excellent article in your
January
wife's ideas of interior
decorationissue.
were The
an uncompromising
barrier,
when I suggested a 4-foot square baffleboard.
" I studied the interior architecture of the
house for a week before I concurred a plan
which proved both effective and in accord
with the wife's decorative scheme.
" I placed the loud speaker on the top of the
piano,
standsI consider
"kitty-corner"
the
corner ofwhich
the room.
that the inpiano
forms the lower half of the baffleboard, so that
by placing the loud speaker in a baffleboard
about 4' x 2', the 4-foot
dimension
beingin
horizontal,
I have
effect a 4-foot baffle. I
1
1
used a piece of Upson
PHILIPS B 443
Board with a reenforcInput 4.0 Volts r.m.s.
ing framework. With
rounded corners and
Ep = 150
painted to match the
walls, or covered with
tapestry, or with
drapes, or relieved with
Dutch wall paper, such
as can be bought in
the form of panels; the
80
90
100 decorative possibilities
30
40
50
60 70
are"In
great.combination
THOUSANDS OHMS OUTPUT LOAD
with
my Fada special
Fig. 3
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Gain Control

Fig. 5
265-A set, my audio results are as fine as I
Life of
have ever heard "
READERS STILL coma.c.
TubesRadio
plain that their a.c. tubes
seem to have shorter life
than tubes which operate
from batteries. This may be so, but have these
readers actually checked up the number of
hours they operate their receivers now that
battery troubles no longer worry them? An
estimate made recently by a prominent tube
manufacturer indicates an average of nearly
nine hours a day for receivers which operate
from a lamp socket. A combination of good
programs more hours of the day and freedom
from worry about charging the battery is
responsible for this estimated increase in
receiver service. All the old estimates on tube
life were made on the basis of three hours
operation a day — and so an apparent short
life in tubes is only apparent after all.
The following release from the Arcturus
Radio Tube Company is pertinent in this
connection: "On the twenty-first of April,
1928, twenty-five tubes were placed on life
test in a special test rack installed in the office
of the sales manager. With the exception of
such occasions when the tubes have been removed from the test rack for laboratory
measurements, they have been burning constantly for over ten months. This is equivalent
to almost seven years of average home reception service. No tubes have burned out to
date. The tubes under test are Arcturus 2.5volt a.c. detector tubes (type 127)."
BEGINNING January 1,
Arna teur
Approved
1929, amateur stations
Intermediates
started a somewhat different system when calling
each
other.
The
old
"intermediates"
abolished, and the following
list approvedwere
by
the respective governments
stitute on January 10. It was
A. L. Budlong, of the A. B. B.
United States (territorial)
United
GermanyStates (possessions)
England
Mexico
Salvador
Portugal
Denmark
Canada
New Zealand
Australia
Cuba
France
South Africa
Great Britain
Ecuador
Panama
Austria

was the subsent to us by
L.
w
K
G
DVE
X
YS
CT
OZMH-VK (?)
ZS
ZL
HC
CM
F
G
UO

By the international conventionBX the old system of calling and signing is changed to conform with the universal practice of using the

" ■ ' "de".
" AN UNFOBTUNATE erintermediate
A
ror occured in the diagram
Correction Qf the constant impedance
umii».niiii»iui.ni™D nuiiminii resistor in the article on
"An inexpensive audio oscillator," page 187
January Badio Broadcast. The correct diagram of the apparatus is shown in Fig. 5.
Manufacturer's facetiousness : The Clar ostat Manufacturing Company has announced
a variable center-tapped resistor to be used
across tube filaments. The name of this new
— Keith Henney
device is the "Hum-Dinger."
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COLD figures on the
sales of the two chief
products in the radio
industry — r eceivers
and vacuum tubes —
are of great importance
because they furnish a
guide to the history of
the months past and
they give an excellent
measuring stick for the future.
We present below figures on the receiver
and tube sales for 1927 and 1928 which should
prove of wide interest. They are of especial
interest because they include accurate figures
of the tube and set sales of the Radio Corporation and its licensees for these two years,
years in which the radio industry was passing through what may be regarded in the
future as its most critical period.
Previous estimates, while most useful as a
general guide to the progress of the industry,
have been incomplete because of the unwillingness of key manufacturers to give out
their sales figures. These companies, notably
the Radio Corporation and its various licensees, are probably responsible for far and
away the largest sale of receivers, as in this
group alone are more than 30 of the biggest
company
"names"
radio.were gathered by
The figures
which infollow
the Editor in an independent survey in order
to provide the most accurate possible basis
for examining the radio industry tube and
set sales. They were presented during a recent action in the Federal Court at Wilmington, Delaware, in which certain tube manufacturers sought to secure a permanent injunction restraining the Radio Corporation
from enforcing Clause 9 of their license contract with set manufacturers requiring the
purchase of RCA or Cunningham tubes for
each socket of each set sold.

GENERAL SUMMARY
Radio Sets
Sets in use, Jan. 1, 1929
Sets in use, Jan. 1, 1928
Sets in use, Jan. 1, 1927
Sets acquired, 1928
Sets acquired, 1927
Radio Tubes
Tubes sold, 1928
Tubes sold, 1927 .....
Tubes sold, 1928 for new sets
Tubes sold, 1927 for new sets
"1928 Tubes sohl for replacements
'1927 Tubes sold for replacements
'new and old sets

Set

11,000,000
8,080,359
6,352,419
2,919,641
1,727,940
61,552,846
33,662,247
20,472,487
10,332,640
41,080,359
23,339.607

TABLE I
1928. Set Sales Requiring New Tubes.
Sets sold by RCA
569,641
Sets sold by RCA licensees .... 2,025,000
Total sets sold by both
2,594,641
All other set sales
340,000
Total sets sold
2,934,641
Note: non-licensed
"Other set sales"
and included
sets estimated
and kits, home-assembled sets and transmitting and receiving
amateurs. RCA licensee sales were 843,614
sets for first three months. Of estimated
total sets sold, RCA sold 19.3 per cent.,
RCA licensees, 69.05 per cent., and both a
total of 88.35 per cent, of all sets.
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TABLE II
1928. Original Installation and Replacement
Tube Requirements.
Initial Installation
RCA and licensees (2,594,641 sets, av.
7 tubes ea.)
18,162,487
AU others: complete sets, kits, etc.,
(340,000 sets at average varying:
7, 6, and 3 tubes ea.)
2,310,000
Total tubes required . . 20,472,487
Replacements
(required
in
sets
sold
during this year)
RCA and licensees
2,594,651 sets
All others
. . . 325,000 sets
Total ....
2,919,641 sets
'"^Replacement tubes required 8,758,923
Old Sets
**Sets in use as of Jan.
1, 1928 ... 11,000,000
Sets acquired during
1928
.... 2,919,641
**Sets as of Jan. 1, 1928 8,080,359
32,321,436
t Replacement tubes required .
Total Tubes Sold For All Purposes . 61,552,846
***Estimate
At 3 tubesof per
set
Daniel
Starch
t At 4 tubes per set
TABLE III
1928. Tube Sales.
Tubes sold by RCA to set licensees 7,122,123
*RCA tubes for RCA sets .... 3,987,487
11,109.610
Other RCA sales
19,552,510
**TotaI RCA tube sales
30,662,120
Sales by other tube manufacturers
(est.)
30,890,726
Total tube sales
61,552,846
*569,641
sets,
7
tubes
per
set
**Including Cunningham
Note: RCA tubes sold to licensees were 11.6 per
cent,cent,
of year's
sets required
6.5
per
of thesales;
aboveRCAgrand
total; other
RCA sales, 31.8 per cent, and all other
manufacturers sold 50.1 per cent, of total
tubes during the year. In above, "sales
by other
isas necessarilytube
estimatedmanufacturers"
basis.
For derivation
ofwith
totalTable
tubeVI sales,
see
Table II.
RCA (and Cunningham) sales first 6
months, 7,802,324; second 6 months
22,859,796.
TABLE IV
1927. Set Sales Requiring New Tubes.
Sets sold by RCA
324,878
Sets sold by RCA licensees ....
966,542
Total sets sold, RCA and licensees 1,291,440
All other set sales
436,500
Total sets sold
1,727,940
Note: non-licensed
"Other set sales,"
estimated
and includes
sets and
kits, home-assembled sets and transmitting and receiving
amateurs.
RCA and licensees sold 74.8 per cent, of
sets (18.8 per cent. RCA, 56.0 per cent.
RCA licensees); 25.2 per cent, of total
was
all others.
FirstsoldRCAby set
license granted Mar. 10,
1927, and some 24 others at different times
following, so that total of 966,542 sets
does not represent entire sales by makers
during 1927
end of year
were licensed; theirwho
salesat included
in estimate
"other set sales."
TABLE V
1927. Original Installation and Replacement
Tube Requirements.
Initial Installation
RCA and licensees
(1,291,440 sets av. 6 tubes ea.)
. 7,748,640
All others: complete sets, kits, etc.
(436,500 at average varying: 6
and 3 tubes ea.)
2,574,000
Total
tubes
required
for
initial
installations
10,322,640
• april, 1929 . . . page 379 #
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Replacements
(required in sets sold
during this year)
RCA and licensees 1,291,440 sets
All others (est.) . . 421,500 sets
Total ....
1,712,940 sets
(at 2.5 tubes each, replaced)
Replacements (required in old sets)
Sets as of Jan. 1, 1928 8,080,359
Sets acquired during
1927
1,727,940
Sets as of Jan. 1, 1927 6.352,419
(at 3 tubes per set to be replaced)
Total tubes sold
TABLE VI
1927. Tube Sales.
Tubes sold by RCA to set licensees
*RCA tubes for RCA sets ....

4,282,350

19,057,257
33,662,247

5,719,710
1,949,268
7,668,978
14,583,097
22,252,075
11,410,172
33,662,247

**Other RCA tube sales
Total RCA sales
Sales by other manufacturers .
Total tube sales
*324,878
6 tubes each
**includessets,Cunningham
Note: RCA tubes sold to licensees were 16.9
per cent,
required 5.8ofperyear's
cent, sales;
of the RCA
abovesetsgrand
total;
other
RCA
sales
were
43.3
per
cent,
of the total and all other manufacturers
sold 34.0
per cent,
the total.
For derivation of total
tube ofsales,
see Table
V. In
above,
"sales
by
other
manufacturers"
is necessarily estimated with Table V as
basis.
RCA (and Cunningham) sales first 6
months
135,328. 7,116,747; second 6 months 15,-

In the tables above, the RCA set sales and
set sales by RCA licensees are grouped and
all others are estimated and given separately
in order to make it perfectly clear what figures
were known and what were estimated. When
the entire radio industry releases its sales
figures each year, under proper control, it
will no longer be necessary to make estimates. All in the industry agree on the necessity of reliable figures, and the manufacturers
are not least among these, but as yet it is
impossible to secure all figures necessary for
the most accurate report of a year's business.
The estimates given in the tables were arrived at by what is thought to be the best
means possible: the accurate figures of set
sales by RCA and RCA licensees and the tube
sales as
for the
licensees'
setsaddition,
and for RCA
sets were
used
basis. In
the total
tube
sales by RCA (and Cunningham) was known.
It was necessary then, to estimate the sets
sold by all others which are responsible for
installation of new tubes. This estimate (in
skeleton form only) appears in Tables II
and IV. The derivation of the other figures is
apparent from a study of the Tables.
Meaning of the Estimate
IT TAKES no gift of prophesy to read in these
figures, concentrated under the heading
" General Summary," the record of astounding
development in the radio market and, behind
that, the remarkable, and growing public acceptance ofradio broadcasting. The number
of sets in use by the first of January 1929 had
increased by 37.5 per cent, over the number
in use at the same time the previous year.
And the number of sets in use on the first of
(Continued on page 384)
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EXPERIMENTER'S
By

has his static room,
THE radio operator
the adventurer his camp fire, and the
chauffeur the gas station. We Experimenters have been without a place in which to
tell of our adventures and this one is now
opened to us.
Gentlemen, if you are all settled comfortably, we can begin our first meeting. We
will not be formal about it, for these meetings
are open to any experimenter, whether he be
scientist, engineer, laboratorian, operator,
serviceman, or plain tinkerer.
In order that no one will be embarrassed by
having to make the first talk, I will read an
anonymous paper. It is on the subject of
filters, concerning which there is so much
bilious mathematics and so few easily applied
facts. While the writer of the paper speaks
from the transmission viewpoint his ideas
apply to any filter used on the output of a
rectifier fed from a 60-cycle supply. Notice
that he does not agree with our general use of
the "brute-force" type of filter.
FILTERING WITH SMALL CHOKES
Listening to some of the 60-cycle growls
we still hear on the air makes it evident
that in some transmitting filters the growl was
weighed against the price of 30-henry chokes
capable of carrying 200 mA. — and the chokes
lost. Another, and very potent, argument,
against the use of big chokes, is the fact that
their d.c. resistance is high; nobody wants to
waste 200 to 300 volts in a filter when those
volts might better be keeping the oscillator
plates warm. Neither does anyone care for a
plate voltage that swoops wildly up and down
as the load changes.
How can we make a filter which will do the
work
well at
enough
to give
a "fairly
note, and
the same
time,us cost
littled-c."
and
waste very few of our precious volts? This
problem was taken up from a laboratory
standpoint; a rectifier unit was built, as in
Fig. 1, and the output of alternating voltages
at the various harmonic frequencies was
measured by means of a special vacuum-tube
voltmeter capable of indicating the value of
any one frequency in the presence of others,
this being accomplished by means of resonant
circuits tuned to the frequency being measured. Calibration was accomplished by means
of a single-frequency current of known value
flowing through a known resistance, the voltmeter being calibrated at each frequency to
be measured. An accuracy of plus or minus
one
ment.per cent, is obtainable by this arrangeThe power unit used in the tests comprised
an ordinary step-up transformer with a split
secondary and two 281-type tubes as rectifiers (see Fig. I). With this unit working into
a 7500-ohm resistance load, no filter being
used, output voltages were measured; the
result of the analysis is shown in column a of
Table 1. The presence of the 60-cycle and
other odd harmonic voltages is due either to
one transformer secondary having a slightly
higher voltage than the other, or to a higher
plate-filament resistance in one of the rectifiers.
The magnitude of the 120-cycle voltage
explains the growl to be heard in an unfiltered
supply; it also shows that our greatest problem in designing a filter will be to get rid of
this voltage.

ROBERT

ARMCHAIR

S. KRUSE

For the next test the simplest type of filter
(a condenser across the output of the rectifier
as in Fig. 1b) was used. This produced a drop
in the harmonic output voltages for the
following reason. The greater part of these
harmonics is due to the leakage reactance of
the transformer. The addition of the condenser, C3, reduces (in effect) this leakage
reactance and thereby reduces the harmonic
As the title of this contribution of
Mr. Kruses indicates, the main content deals with the experimental side
of radio. Mr. Kruse has been given the
widest latitude in the selection and
treatment of the material that appears
under this heading. In our judgment,
all those who are interested in experimenting with a practical aim will find
these pages each month of benefit to
them. Contributions are invited and
will be paid for if acceptable.
— The Editor.

output. At the same time the d.c. output
potential increased from 530 to 750 volts,
due to the increase in voltage on the tube
which is limited by the leakage reactance
voltage, and — as said above — the addition of
a condenser reduces the effective leakage
reactance. (The same effect as to d.c. voltage
rise may be obtained by connecting 0.1-mfd.
directly across the transformer secondary but
this has almost no filtering action and is not
recommended.) The value of the condenser
C3 was varied from 1 to 10 mfd. More than
3 mfd. gave very little increase in filter
action. (The subscript 3, as in C3, indicates
a condenser of 3.0-mfd. capacity. Thus, in
diagram c of Fig. 1, C10 has 10.0 mfd. capacity.) The results for this test (as shown in the

Vacuum Tube
andVoltmeter
Analy?e
Rectifier
TESTING CIRCUIT Load
(See Text)
NO FILTER
(A)

SHUNT CAPACITY
3£i ONLY
(B)

_I_C' L, C'iL'

(C)
Fig. 1 — Schematic diagrams of the
rectifier and four types of filters
considered in the tests.
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table) make it quite evident that we cannot
afford to omit condenser C3 from our circuit,
even if that is all the filter we have.
RESULTS WITH 120-CYCLE TRAP
For the next test a trap, tuned to 120
cycles, was placed in the negative lead
and beyond that another condenser, C10,
was connected across the circuit, giving the
arrangement shown in diagram c of Fig. 1.
The trap was made up of a choke having 12
ohms resistance and an inductance in the
neighborhood of 1.2 henries. It was tuned to
offer maximum impedance to the flow of
120-cycle current by connecting various condensers across it until the 120-cycle voltage at
the load was a minimum. Approximately 1.1
mfd. was required to do this. Low-voltage
condensers were used and since the trap was
in the negative side of the line it could be
"worked hot" as the greatest potential encountered is50 volts or so at 120 cycles. The
d.c. drop through the choke is insignificant,
and with this connection the output is pretty
fair d.c. The total r.m.s. alternating voltage
at the load is less than 2, which is less than J
of 1 per cent, of the direct voltage.
This should be sufficiently smooth for
any c.w. transmitter, likewise for a number
of other purposes — and we did it with a single
choke having a resistance of only 12 ohms!
The final condenser, Cm, may be reduced to
as low as 2 mfd. and maintain a fairly smooth
output. Here, then, is a good c.w. transmission filter; one small choke, 4 or 5 mfd. of
high-voltage condenser (C3 and C10) and
about 1 mfd. of low- voltage condenser.
A still smoother output for phone work, or
other purposes, may be obtained by using the
circuit shown in diagram d of Fig. 1. The coils
Li, L2, and L3 each have an inductance of
approximately one henry and a resistance of
10 to 15 ohms. The condenser, Cs, in the center
branch has a capacity of 5 mfds. The analysis
of the output of this filter is given in the table
under d. It can be seen that the total r.m.s.
alternating voltage at the load is now only
1.2. volts (less than £ of 1 per cent, of the d.c.)
and that is mostly at 60 cycles where it will
not be particidarly troublesome to a phone
transmitter. The total series resistance of the
filter is less than 50 ohms, so that for ordinary
load currents the voltage drop will not be
more than 10-15 volts, or 2 per cent, of the d.c.
voltage.
This amateur
should helpwhothe wants
"yoop" a problem
of
the c.w.
smooth
tone. Part of this difficulty is occasioned by
large voltage changes when the key is opened
and closed. Of course, no filter can prevent
the rectifier from charging the condensers to
a value former
near
theload
peakis off
voltage
of the
transwhen the
but that
is avoided
easily enough by a resistance permanently
connected across the filter output. There is no
exact value for this resistance and it must be
determined by trial, using the highest value
that will still prevent the rise of voltage when
the load is off. Where a high-voltage d.c.
meter is connected across the circuit no other
drain is needed. Incidentally, such a shunt is
useful in another way. It prevents one from
taking hold of a filter condenser and discovering that the brute is still loaded.
At any rate the 10-15-volts drop is quite an
improvement over the common 150-300-volt
drop. In one case which was tested a set had

RADIO BROADCAST
lto5
mfd.
1000 ohm :- —
t-§ Potentiometer
'
1 ! //

V.T.
Voltmeter
—

Fig. 2 — Test circuitr
for trap tuning
t
*t:
O ^ Series lm-r/W5>v. -3 lis ;pedenceZs
pedenceZL
Shunt lm-'
VL = Vo Zl+LZs
(B)
(A)
Fig. 3 — Method of calculating voltage reduction. (A) Actual circuit,
(B) Equivalent circuit.
an annoying "yoop" when keyed with a
"brute-force"
through
choke
was 175 filter.
volts. The
Filterdrop
circuits
such the
as
shown here cured this almost completely without any change in the r.f. circuits.
TUNING THE TRAP
The question will naturally be asked, " How
am I going to be able to tune the trap without some sort
is simple.
If of
youanalyzer?"
have, canFortunately
make, or this
will
borrow, a vacuum-tube voltmeter, connect it to the output of the loaded filter
as shown in Fig. 2 and juggle the trap
condenser until the vacuum-tube voltmeter
shows a minimum. The 1000-ohm potentiometer is used as a sensitivity control and
enables you to keep the meter deflection
within reason. The isolating condenser Cs
must be capable of withstanding the full
voltage of the output. Always do the testing
with the rectifier and filter operating at their
normal load as the inductance of the chokes
vary with the d.c. flowing through them.
If a vacuum-tube voltmeter is not available,
a pair of phones may be used and the filter
adjusted for minimum sound. Leave the phones
on the table; the condenser Cs might puncture
and electrocution is reported to be unpleasant.
The rectifier shown is of the "centertap"
variety. If the "Bridge" connection is used for
any reason a larger 60-cycle voltage may appear and may call for a 60-cycle trap in addition to the 120-cycle trap. Such a trap will
require about 4 times the capacity (in the trap
circuit) as is necessary for 120 cycles.
No tests were made on a half -wave rectifier
but in this case also a 60-cycle trap is necessary, although the 120-cycle trap may probably be omitted. Incidentally, in the fullwave rectifier discussed some 60-cycle voltage
appears because of an unbalance. If for any
reason
cure. it is objectionable a 60-cycle trap is the
Some measurements of the harmonic currents flowing in various parts of the circuit
were made by inserting a resistor in the circuit
and measuring the alternating voltage drop
across it.
The 120-cycle current flowing in the branch
C3 of diagram c, Fig. 1, was 120 niilliamperes.
This is practically the total 120-cycle output
current of the rectifier, since the 120-cycle
current flowing through the trap to the load
was only about 4.7 milliamperes. From this
latter current and the voltage across the trap
it is easy to calculate the impedance of the
trap to 120 cycles:
0.53
I 0.0047 = 11,300 ohms.
The impedance of do to 120 cycles is 132
ohms, hence we should expect a 120-cycle
voltage at the load of
+ " =0.64 volts.
The voltage measured was 0.60, a fairly close
check. The method of calculating the last
voltage is explained in Fig. 3.

The combination of series and shunt impedances may be considered as a potentiometer, which permits a fraction of the impressed (or rectifier) voltage to appear across
the load. The ratio of these two will be the
ratio of the total impedance, Zs + Zi, to the
shunt impedance, Zi_, which latter is made up of
the load and the last condenser, in parallel. By
varying these impedances we can make the
a.c. voltage reduction in our filter anything
we please. For instance, suppose that the final
condenser, Ci0, is reduced to 1 mfd. Its impedance will then be 1320 ohms, and the 120cycle voltage appearing at the load will be
(neglecting load impedance)
53 x 1320
This simple way of looking at filter action
5 5 V°ltS what reduc+ 1320 =quickly
permits you 11,300
to calculate
tion of voltage you may expect from a given
set of impedances. The impedance of a choke
coil is given approximately by
Z = 6.3 x (inductance in henries) (frequency)
The impedance of a condenser is given by
z= 160.000
(capacity in mfd.) (frequency)
The impedance of the trap was discussed
before.
Of course, the method of calculating drops
does not work out if any choke is in resonance
with one of the harmonic frequencies by
reason of its distributed capacity or if one of
the chokes and one of shunt condensers makes
a series resonant circuit.
COMMENT AND SUGGESTIONS
The difference between this filter and the
"brute-force" type is that it does a very
neat piece of work for the particidar conditions to which it is adapted, while in the
"brute-force" case we squirm out of the
necessity of adjustment at the expense of
tolerating rather bad voltage drop and rather
large expenditure for apparatus.
Probably everyone has found it out before
now that choke inductances and paper condenser capacities usually vary considerably
from the marked values so that a little cutting
and trying is useful. This means changing the
condensers around and adjusting the air gap
of the choke.
A 1.2-HENRY CHOKE
In Fig. 4 are shown a pair of suggested
chokes which can be varied from about J
to about 1.2 henries by changing the air
gap. In both forms (a and b) the core legs are
1 inch square and butt joints are used
throughout. The air gap is adjusted by laying
different thicknesses of cardboard in it after
which the core is again clamped or taped to
reduce humming. About If pounds of No. 24
enameled wire will fill the winding space of a
while No. 23 enamel may be used for b. The
chokes will handle about | ampere without
Table I
ANALYSIS OF FILTERING ACTION OF CIRCUITS
SHOWN IN FIG. 1
Voltages at Load
Frequency
A
B
C
D
750.0
750.0
750.0
530.0
25.0
7.4
1.6
1.1
d.c.
0.01
53.0
0.60
0.3
245.0
0.90
1.06
0.01
Nl
180
14.2
Ol240
17.6
E
1.2
T /\ 120/
0.16
0.075
60
1.9
0.13
w 1300
0.01
12.5
7.5
NAT (360
\1480
0.075
1.0
0.67
Df I 720
600
0.02
3.5
0.05 than ijij
0.151)
6.7
0.19
1 840
1.25
0.085
0.15
0.51
A blank means that the voltage was less
volt.\900
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<B>
Fig. 4— Details of an efficient filter
choke. (A) Usual form, (B) Simplified form u-ilh all legs alike.
saturation and may, of course, be wound for
any other inductance, keeping in mind that
this changes approximately with the square
of the number of turns and that the ampere
turns must not exceed 800.
Unlucky New England

set will itwork
if a Orleans
said that
HAS been
ITthrough
the static
at New
will
work anywhere except in the Caribbean.
To this let us add that if a receiver will give
a good account of itself in southern New England it will be an amazing success elsewhere.
Here at Hartford we sit in the world's largest
nest of high-power radio stations and with
rather decent receivers hear materially less
than does the Kansan with the most ordinary
of home-made apparatus. Weaf is not amazingly strong here, though only 90 miles away
over seemingly favorable country, and this
is the cause of disparaging comments from our
Kansas relatives, who, at 1000 miles, are accustomed to hear the station comfortably in
dayligh
Wgy'ster high-p
defying t.transmit
fades ower
horriblycommiss
and ionis of
little use to us, while wjz fluctuates in a ratio
of as little as or as much as 5r§-Tj if one
speaks of audibilities. As to other stations, and
other types of signals,onmatters are not materially better. Televisi and rayfoto signals
have a rather terrible time of it. Altogether
one is not surprised that the American Radio
Relay League was organized here to relay
messages over the 27 miles to Springfield
while at the same time amateurs in Illinois,
Ohio, Kansas and Missouri conversed freely
and easily over distances well up toward 700
miles.
From Here Forward

The Editors are leaving istheup. nature of
monthto our judgment.
this ial
e mater
futurfor
OURthe time
This is not as reckless as it seems — for the
copy ingpasses under ! the blue pencil before
these pages
reach
Since
this
encouraging
"department"
was
suggested a pleasant
number
of letters have
arrived, bringing material and comment of
the most varied sort. We can, so to speak,
take from stock a conversation on vacuumtube voltmeters, variable a.c. supplies, an
extremely queer short-wave effect, some
ingenious
tuning devices, or several other
things.
These letters assure our immediate future
but
list."beWhatever
you they
have are
done,not area "preferred
doing, or may
planning
is of interest. Do not be too serious about it,
this being neither a literary society nor the
Franklin Institute. The main thing is to learn
of each other's doings, whether they concern
a simple mechanical makeshift, an odd effect
or large plans for investigation of one of the
two score unsettled problems.
Letters — or informal papers — will be welcome. They should be addressed to Bobert S.
Kruse, care Radio Broadcast, Garden City,
New York, and should refer to these pages by
title.
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the sound to be reproduced, and also disIN DETECTING, or what is the same
tortion audio frequencies which have frething, in rectifying large signals, it is
Power
detection!
Not
so
many
quencies that are all the possible comgenerally considered that C-bias detecmonths
ago
we
called
the
attention
of
binations ofsums and differences of the fretion is necessary if good quality of output is
quencies actually present in the original sound.
to be maintained. The common grid leakRadio Broadcast's readers to the
condenser rectifier, so sensitive with weak
Thus if the modulated signal voltage is simultendency toward the use of a single
taneously carrying audio frequencies of 1000
signals, is found to overload with only
stage of audio amplification, and
and 1500 cycles, the detector in addition to
moderate input voltages and; to be entirely
thereby got ourselves into controversy
impossible.
reproducing the desired 1000- and 1500-cycle
with manufacturers of audio equipcurrents will produce weaker double-frequency
The unsatisfactory results generally obment.
In
this
article,
Professor
Terdistortion currents of 2000 and 3000 cycles
tained with grid leak-condenser power detecman
tells
how
it
is
possible
for
a
detion are not an inherent shortcoming of this
and will also produce a sum distortiontector to deliver enough output rectifrequency current of 2500 cycles and a differmode of rectification ; they are merely a conence distortion-frequency current of 500
sequence of using grid detection improperly.
fied plifier
voltagetube.toSuch
"loada detector
up" a power
is usedam-in
Under suitable conditions the grid leak-conFortunately, these various distortion frecycles.
denser method of detection will give less disthe Radiola 60 series, the Sparton retortion when the applied signal voltage is large
quencies are usually weak in the detector outceiver, the new Crosley Jewelbox, the
put compared with the output currents of the
than when it is small. This perhaps surprising
R.
F.
L.
airplane
receiver,
and
there
result is obtained by analyzing the causes of
undistorted frequency. The amount of distortion isproportional to the degree of modudistortion in the grid rectifier and then adjustmay beat others
whose names
don't
recall
the moment.
Power we
detection
lation of the radio-frequency signal voltage,
ing the circuits and battery voltages to eliminis
coming
into
Us
own,
evidently.
and for this reason it is not always desirable
ate the trouble. The result is a power detecThe author is Assistant Professor
for the transmitting station to modulate its
tor giving good quality, and having a high
carrier more than 20-25 per cent. With such a
degree of sensitivity on both strong and weak
in charge of Communication at Standegree of modulation the distortion currents
signals.
ford University. He has another arThere are two kinds of distortion introduced
will be about 5 per cent, as strong as the main
ticle or two on detection in preparation
signal currents. When the degree of modulaby detectors. The first type is frequency distion is 100 per cent, the distortion may rim as
— The Editor.
crimination, that is, the reproduction of some
for us.
high as 25 per cent, but will never exceed this
audio frequencies better than others. The secvalue.
ond type is non-linear or amplitude distortion
The cause of these distortion frequencies in
which is caused by the detector output not
the detector output can be understood readily
being proportional to the size of the signal
voltage. Non-linear distortion causes the pro- square law the amplitude distortion is such from the following explanation. Assume that
duction of audio frequencies in the detector as to introduce distortion audio fre- the carrier wave of the transmitting station is
quencies which are twice the frequency of 1,000,000 cycles, and that this wave is simuloutput which were not present in the original
sound. Both kinds of distortion
taneously modulated by the 1000are, of course, undesirable.
-i SMALL SIGNAL
and 1500-cycle frequencies menLARGE SIGNAL
tioned above. Then the wave actually transmitted from the broadDistortion With Weak Signals
casting station consists of waves
-2
of the following frequencies:
THE fundamental basis of gridleak detection of small signals
cycles
was considered in the first of this
Upper
Carrier side band 1,001,500
1,001,000 cycles
series of articles on detection, and
wwwwlVl)^^M^^•
1,000,000
cycles
Lower side band
999,000 cycles
the problem of selecting grid-leak
998,500 cycles
and grid-condenser values to avoid
(A) Signal Voltage
The carrier wave is much stronger
frequency discrimination was taken
up at length. In general, it was
than any of the side-band frequencies. Now when several waves
found that in order to reproduce
of different frequencies are applied
all audio frequencies equally well
simultaneously
to a square-law
dethe grid-leak resistance should not
tector each frequency
present
be too high and that the grid condenser should be as small as posAverage Value
heterodynes with each other fresible. At the same time if either
present to output
produce that
a componentquency
ofdetector
has
the grid
condenser
leak rather
resistance is less
than or
certain
as
its
frequency
the
difference
becritical values there will be an
tween the heterodyning frequen(B) Instantaneous Grid Current
excessive loss of sensitivity.
cies. The amplitude of this differ(E) Instantaneous Grid Current
ence frequency is proportional to
Proper attention to these circuit
details will eliminate almost comthe
product
of the amplitudes of
1
the two waves producing it.
pletely frequency discrimination
when the grid leak is handling
Applying these principles to the
small voltages. At the same time,
Average Grid Voltage
example aterodynes
hand,
hetand no matter how well adjusted,
with the the
firstcarrier
frequency
the grid leak-condenser detector,
in the upper side band and prodlike all other known detectors, inuces adifference frequency of 1500
troduces amplitude distortion with
cycles.
It also heterodynes with the
weak signals. This is true because
FiO
second wave of the upper side band
the output of all rectifiers is pro(C) Instantaneous Grid Voltage
giving a difference frequency of
portional tothe square of the signal
1000 cycles. The carrier in heterovoltage when this voltage is small
dyning with the two waves in the
(i. e., less than approximately
lower side bands also results in
0.25 volt for grid-leak detection
output currents of 1500 and 1000
and only a few volts with plate
(F) Instantaneous Grid Voltage
cycles, which add in with the outdetection).
put of the upper side band to give
Over this range of signals for
Fig.
1
—
Comparison
of
grid
action
with
grid
leakthe
undistorted
which the detector follows a
detector
output. component of the
condenser detection of large and small signals.
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Fig. 2 — Rectified plate current of a
typical grid leak-condenser detector as a function of signal voltage.
While this is going on the first component
of the upper side band heterodynes with each
of the other side-band components, resulting
in difference frequencies of 500, 2500, and 3000
cycles, while the second component of the
upper side band heterodynes with the lower
side-band components to produce difference
frequencies of 2000 and 2500 cycles. These
numerous output frequencies due to side-band
components heterodyning with each other
are distortion frequencies, but are relatively
weak as long as the carrier wave is strong.
This is because the undistorted components
are obtained by heterodyning of the side
bands with the strong carrier, while the distortion frequencies result from the heterodyning with each other of relatively weak sideband components and so are not very strong
relative to the useful part of the output.
Small and Large Signals
THE mechanism of grid leak-condenser detection when the signals are strong is entirely different from the action taking place
with weak signals. In both cases the radiofrequency signal voltage is rectified in the grid
circuit by virtue of the non-linear relation
between grid current and grid voltage, but
when the signals are weak the grid current
flows continuously while when the signals are
strong grid current flows only when the signal
voltage is at or near a positive crest.
The difference in the two cases is shown in
Fig. 1. With small applied radio-frequency
voltages the variation in grid current caused
by this small signal is not great enough to reduce the grid current to zero. It is to be remembered that in the grid-leak detector there
is always a small but very definite grid current
flowing, and that this current is necessary for
the functioning of the detector. The effect of
the radio signal voltage, such as shown at
(a) in Fig. 1 is to cause this current to vary
with the signal as shown at (b). The dotted
line in (b) indicates the average value of grid
current, which is seen to vary in amplitude in
accordance with the modulation of the signal.
This varying average value of grid current
must flow through the grid leak-condenser
combination, and in doing so produces across
the combination an audio-frequency voltage
drop that, being applied between the grid and
filament of the detector tube, is amplified by
the detector acting as an audio-frequency
amplifier. The effect of this audio-frequency
voltage drop is shown in (c) of Fig. 1, where
the dotted fine represents the average grid
voltage, which is seen to vary in value in
accordance with the signal amplitude and with
the rectified grid current.
When a large radio-frequency voltage is
applied to the grid the situation is changed
because with this large voltage the grid potential goes negative sufficiently to stop the grid

current for the greater part of the cycle. This
is shown in Fig. 1 where (d) represents the
radio voltage and (e) shows the grid current,
which now flows only for a short time each
cycle. The grid voltage during detection of
the signal is shown at (f). The average value
of this voltage, indicated by the dotted line,
is seen to vary in accordance with the signal
modulation, and is an audio-frequency voltage
that is amplified by the detector tube acting
as an audio-frequency amplifier. The average
grid voltage becomes more negative as the
signal increases in amplitude because the
pulses of grid current at each positive crest
of the signal then become larger, charging the
grid condenser with more electrons and making the average grid voltage more negative.
When the detector is adjusted properly some
of the charge leaks off the condenser through
the grid leak during the part of the cycle when
no grid current is flowing. The quantity of
charge leaking off the condenser in this way
between the impulses of grid current is just
equal to the charge supplied by the impulse,
and at the same time the amount the average
grid potential goes negative is proportional
to the size of the impulses of grid current
shown at Fig. 1 (e).
In a properly adjusted power grid detector
the average grid potential goes sufficiently
negative to keep the grid from ever getting
very positive, as shown in Fig. 1 (f). This is
because the impulses of grid current become
very large when the grid becomes a few volts
positive. Thus with large signals the average
grid potential stays sufficiently negative to
allow the grid to become only slightly positive
each cycle, and as the signal strength varies
the average grid potential varies so that this
stays true all the time. Of course, when the
signal is extra large the grid becomes slightly
more positive during the crest of the cycle in
order that the impulses of grid current may be
larger, as shown in (f), but in any case the
amount of positiveness is small compared with
size of the signal voltage because only a small
positiveness will cause the grid current impulses to be very large.
Amplitude Distortion
ONE of the first difficulties that has been
experienced in the past with power gridleak detectors was that the audio-frequency
output of the detector was far from being
proportional to the radio-frequency signal
voltage. For example, the solid fines of Fig. 2
show the rectified plate current of a certain
grid-leak detector as a function of signal voltage, for the case of an unmodulated signal
voltage. It is apparent that the output of the
detector is far from proportional to the signal
voltage for both high and low grid-leak resistances. When the signal voltage exceeds about
lj volts effective value, non-linear or amplitude distortion becomes pronounced. As has
already been explained, the result is then the
introduction in the detector output of audio
frequencies which were not present in the
original sound.
The cause of the non-linear relation between
0,
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SIGNAL VOLTAGE(EFFECTIVE)
Fig. 4 — Rectified plate current of a
210-type tube as a function of signal voltage, showing the possibilities of power detection
able conditions.under suit• april, 1929
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Fig. 3 — Change of average grid potential as a function of signal
strength for the same condition as
Fig. 1.
signal voltage and output for the case of Fig. 2
is not far to seek. If we measure the change of
average grid potential from the grid potential
with no signal, as a function of signal voltage,
we get the result shown in Fig. 3. The average
grid potential is seen to vary in almost exact
proportion to the signal amplitude even for
very large signals. The reason the average plate
current does not also vary in proportion to the
average grid potential is due to rectification of
the radio-frequency signal voltage in the plate
circuit by plate detect ion. Plate circuit detection
takes place with increase of plate current while
grid rectification is characterized by a decrease of plate current. Unless the operating
conditions are correct, the plate rectification
at large signal amplitudes will be sufficient to
neutralize the effects of grid rectification to a
serious extent, as in the case in Fig. 2.
In order to prevent amplitude distortion in
the grid leak-condenser power detector it is
necessary to eliminate all plate detection.
Reference to Fig. 1 (f) shows that distortionless power grid rectification can be obtained
only when the detector tube gives distortionless amplification of grid potentials ranging
from approximately zero to a negative value
of twice the crest amplitude of the radiofrequency signal voltage. This is true because
Fig. 1 (f) shows that during detection the
grid potential varies from about zero to a
negative value approximately equal to twice
the crest amplitude of the signal — twice the
amplitude of the signal measured from its
average value shown by the dotted line in
Fig. 1 (f) — and distortion will be present unless
this variation of grid potential is over a
straightline part of the plate-current characteristic. That is to say, plate rectification can
be avoided only by operating on a straight
line part of the plate characteristic.
The requirement for avoiding amplitude
distortion in the grid-leak power detector is,
therefore, that the power capacity of the detector lube at the plate voltage being used must
be sufficient to amplify the radio-frequency
signal voltage without distortion. Since the grid
of the detector tube is at approximately zero
potential when there is no signal voltage
present, the mu of the detector tube must be
sufficiently high to keep the plate current of
the tube within safe limits for continuous
operation with full voltage on the plate,
and with the grid at zero bias. Power detection
obviously requires a power tube operated at
a high plate voltage, and it is absurd to expect
more undistorted power output from a particular tube at a given plate voltage when acting as a power detector than one could expect
to get out of the same tube operating as an
audio-frequency amplifier with the identical
plate
The voltage.
undistorted audio-frequency power

2.
which can be put out by a grid leak-condenser
power detector is theoretically just one fourth
of the undistorted power which the same tube
can put out as an audio-frequency amplifier,
the plate voltages being the same in the two
cases. This can be seen from Fig. 1 (f), where
it is evident that the average grid voltage
(which is amplified in the plate circuit and
becomes the audio-frequency output of the
detector)
only hah' the signal
range
of
voltageswings
that through
the radio-frequency
goes through. As power is proportional to the
square of the voltage, the audio-frequency
power output is one fourth the power capacity
of the detector tube acting as a distortionless
amplifier.
The maximum allowable carrier voltage of
the radio-frequency signal that can be applied
to the grid of the grid-leak power detector is
approximately one half the audio-frequency
voltage that may be applied to the same tube
when acting as an audio-frequency amplifier.
This is because during moments when the
carrier is fully modulated the radio signal
voltage reaches an amplitude twice that of
the carrier, and the detector must be capable
of handling input voltages of this size.
Of the standard tubes available for gridleak power detectors the moderate mu 112a,
226, and 227 types can be operated at plate
voltages from 90 to 135 volts without drawing
excessive plate current, and under these conditions will put out enough power to run a
171a- or a 210-type power tube, or even two
17lA-type tubes in push-pull. The 17lA-type
tube is not suitable as a power detector because its low mu allows the plate current
to become too high.
By going to higher power tubes it is possible
to operate a dynamic-type loud speaker directly from the detector output, and to dispense entirely with the audio-frequency amplifier. In order to do this it is of course necessary
to go to very large tubes and high plate voltages. By using a 210-type tube at a plate
potential of 250 to 300 volts it is possible to
supply from 110 to 250 milliwatts of undistorted audio-frequency power directly to the
loud speaker from the detector tube.
That real undistorted power can be obtained from a grid leak-condenser power detector under favorable conditions is shown by
Fig. 4 which gives the measured rectified plate
current in a 210-type tube as a function of
radio-frequency signal voltage. It is evident
that rectified output is almost exactly proportional tothe signal up to an applied potential
of about 10 or 12 volts effective. The curves
given in Figs. 1 (d), 1 (e), and 1 (f) are actual
curves drawn to scale showing the measured
performance of this 210-type tube under the
same conditions as in Fig. 4.
Eliminating Distortion
IT HAS been shown that adjusting a power
grid leak-condenser in such a way as to
eliminate plate-circuit rectification will eliminate amplitude distortion, but the problem
of reproducing all audio frequencies with equal
sensitivity still remains. The general tendency
of a grid-leak detector is to be less sensitive
on the high notes than on the low, and this is
even more so when the signals are large than
when they are small.
When the modulation frequency is high the
average grid potential may not be able to
follow the rapidly varying amplitude of the
signal, as is the case in Fig. 5. Here the gridleak resistance and grid-condenser capacity
are too high, and as the signal amplitude decreases the charge on the grid condenser is not
able to leak off fast enough through the grid
leak to reduce the average grid potential as
fast as the signal is changing amplitude, with
the result shown in Fig. 5. A correct value of
grid-leak resistance and grid-condenser capacity will give the conditions of Fig. 1 (f),
in which the distortion is at a minimum.
The rate at which the average grid condenser charge can change is inversely propor-
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tional to the product of leak resistance, R,
times grid condenser capacity, C. Analysis
shows that when the signal voltage is modulated completely, as shown in Fig. 1 (d),
and is at the point "X" indicated in Fig. 1 (d),
the average grid potential can just barely decrease as fast as the signal is decreasing when
the relation 2% i = 1/RC is satisfied, in which
f is the frequency of modulation, R denotes
the grid-leak resistance in megohms, and C
is the grid condenser capacity in microfarads.
Modulation frequencies for which 2icf is
greater than 1/RC will not be reproduced as
well as the lower notes.
It is evident that to reduce frequency distortion to a minimum it is desirable to have
(a) Incorrect Adjustment

Fig. 5 — The grid action of the power
detector with a grid leak too large.
small grid-leak resistances and small gridcondenser capacities. At the same time, however, it is undesirable to go to extremes. A
grid condenser capacity of 0.0001 to 0.000125
mfd. is about right for a power detector. A
condenser much smaller than this will cause
serious loss of signal voltage, since the voltage
drop in the condenser of the radio-frequency
signal voltage will be large enough to make the
actual voltage reaching the grid of the tube
considerably less than the voltage supplied
by the tuned circuit. Grid condensers much
larger than the values suggested are undesirable because they make necessary an excessively low grid-leak resistance, which
lowers the sensitivity of the detector, and
makes the radio-frequency energy lost in the
grid circuit unduly large.
If the highest audio frequency to be preserved inthe output of the power detector is
5000 cycles, and if the grid-condenser capacity
is 0.000125 mfd., a simple computation shows
that the grid-leak resistance can not be higher
than 0.255 megohms. If the grid condenser
was the usual 0.000250-nifd. size, the grid
leak would have to be about -| megohms, an
undesirably low value.
Summary
A will
GRID
leak-condenser
detectorof
deliver
approximatelypower
one quarter
the undistorted power output that the same
tube with the same plate voltage (and suitable
grid bias) will deliver when acting as an audiofrequency amplifier. This means that high
plate voltages must be used with the power
detector, and that the mu of the tube must be
sufficiently great to prevent excessive plate
current at this plate voltage when the grid
potential is zero. If the power detector is overloaded, rectification will take place in the plate
circuit and will cause amplitude distortion.
The power detector will reproduce all frequencies equally well only if the grid condenser
and grid leak sizes are smaller than the usual
values best suited to small signals.
The potential of the grid-return lead of the
power detector is unimportant. It can be
brought back to either the positive or negative
leg of the filament with about equal results.
The decision as to whether the grid return
should go to the plus or minus filament, or to
a plus or minus grid-bias battery should be
• april, 1929 . . . page 384 •

made so as to give the greatest sensitivity with
very weak signals, and can be determined by
experiment, or by the principles given in the
first article of this series.
In conclusion, it is easy to see why the ordinary grid leak-condenser detector used for
weak signals is so unsatisfactory for large
signals. The plate voltages usually employed
are absurdly small for power work, the usual
grid condenser is too large, and the customary
grid-leak resistance is about ten times the
of
energy.
value
best suited for handling large amounts

THE REAL SIZE OF THE
RADIO MARKET
{Continued from page 379)
January 1928 increased 27.3 per cent, over the
number in use on January 1, 1927.
In the tube market an equivalent increase
is noticeable. Total tube sales jumped 82.5
per cent, in 1928 over 1927. The increasing
size of the replacement business fairly shouts
at one in the summary. Tubes sold for replacements in1928 increased 74.8 per cent,
over the year previous while the number of
new sets sold, sets which are in part responsible for the replacement sales, increased in
1928 69.7 per cent, over the year before.
No one can say what the sales in 1929 will
be, but there is no prohibition on forecasts.
Certainly not less than 3,000,000 receivers
will be sold in 1929. Almost that number was
sold in the year just closed. It is fair to assume that with the increasing number of sets
becoming obsolescent, the year, 1929, will see a
tremendous sale of new sets to what one might
call old radio customers. Users who have tired
of the inconvenience of their antiquated battery set, its poor fidelity, which cannot compare with the reproduction of the best of today can be sold new sets. They need not be
sold on radio, but what a sales story radio
dealers have for them in the product they
now have in their shops!
The number of battery-operated sets which
can be replaced with the modern socketpowered set is very large. In 1927, not more
than 500,000 "electric sets" were sold. Even
ifset,every
sold during
1928more
were than
an "electric"
there setwould
be hardly
3,500,000
sets of this type in use. That means on January
1, 1929 there were 7,500,000 sets not of the
modern self-contained type. If 2,000,000 sets
be subtracted from that total to allow for
those in use in districts where a central station
power is not available, there are five and a
half million sets which are obviously not
modern and which can be replaced with the
excellent products the market affords to-day.
Yet the battery set market is by no means
inconsiderable — and it is evidence of the asvitalityinofan the
radio
covered at tounding
length
article
on market
page 331— as
of
Radio Broadcast for March, 1929.
What this examination of the market means
for all in the industry is not difficult to see:
in the manufacturing field, tube and set companies have announced plans for great expansion; mergers and combinations have all
been calculated toward greater production
to meet the 1929 demand which these wise
companies anticipate. In the retail field it
means that the set market will be greater
than ever in 1929, that the sale of tubes for
original installation and for replacement will
be much larger than last year. Some tube manufacturers who ought to know do not hesitate
to say that 100,000,000 tubes will be seld in
1929. The radio dealer can make quickest
capital out of this analysis of the probabilities
for his sales and service staffs are in direct
contact with this public we are talking about.
Here is a rich and profitable field for all who
purvey to the public who see now in radio, if
not a necessity, an almost essential adjunct
to the home.
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IN THE March issue of this department the
general construction and operating principles of standard motion-picture projectors were described. Nothing was said in
that article about the motive power for the
machine. This is normally an electric motor
drive through a system of gears on the left
side of the head, a flywheel being provided to
steady the speed. The projector may also be
operated by means of a hand-crank from the
right side, as shown in the accompanying cut
(Fig. 1) of a Simplex (International Projector
Corporation) machine, where the crank is seen
with the handle over the lower magazine.
This is feasible only with silent pictures,
and then the crank is used only in the rare
event of failure of the driving motor.
When sound pictures are projected the
speed must be kept constant at 90 feet per
minute (24 pictures per second) with a regulation of about 0.2 per cent, in order to hold the
pitch. Unless an a.c. source with reliable frequency control is available this requires
special speed stabilizing circuits of the type
described
H. M. Stoller,
"Synchronization
and Speedby Control
of Synchronized
Sound
Pictures," in the Transactions of the Society
of Motion Picture Engineers, Vol. XII, No. 35.
A synchronous motor operating on a constant
frequency a.c. supply is the simplest means of
securing the proper speed, and can generally
be used in large cities. In projecting silent
films a variable speed control is desirable,
which means the addition of another motor
if a synchronous motor is used for the soundpicture drive.
The lower sprocket of the projector, in the
absence of a sound attachment such as is
described below, delivers the film to the lower
magazine, where it is wound up at a constant
rate, as the diameter of the roll increases, by a
device known as the "take-up." This is
usually an arrangement utilizing a split pulley
and tension spring to allow loss of speed as the
reel is filled up with the film, with a constant
speed drive.
The sound-head attachment shown in Fig. 2
below the picture head is that of the Movietone type, which has been widely illustrated.
The optical principles have been described
in October and November, 1928, Radio
Broadcast. The principal problem in the
sound head is that of preventing the intermittent movement above from influencing the
continuous motion of the film past the point
where the sound is taken off. This is accomplished inthe mechanism shown, by means of
a sound-head sprocket which revolves at
constant speed (special mechanical filters to
smooth out pulsations usually being applied)
and drags the film through a gate similar to the
picture gate, containing a spring tension pad
which holds the film firmly as it slides through.
This sound gate presents intricate problems
to the designer. The tension pad must not
scratch the film or take off the emulsion; on
the other hand, it must not allow the film to
vibrate or buckle in the sound gate, even when
it has been subjected to the heat of a high
intensity arc in the picture gate a few inches
above. As soon as the film is allowed to move
out of the plane of focus in the sound gate,
the output quality deteriorates — high frequencies drop out,
"fuzz"
extraneous
tremolos come
in, etc.
This and
is because
the

for Standard

Picture

sound track, instead of passing through a
sharply defined rectangle of intense fight,
the dimension of which in the direction of film
motion is less than the wavelength, on the
film, of the highest frequency to be picked off,
runs instead through a relatively wide spot
with irregular edges. It must be remembered
that at the standard sound film speed of 18
inches per second, a 6000-cycle note, for example, isrecorded in a space of 0.003 inch for
each oscillation, and it does not take much to
spread the light beam, which is designed to
cover 0.001 inch, so that it will overlap more
than one peak or line of the record. Much,
therefore, depends on the construction of the
sound gate. As shown in the figure, idler rollers
are provided
above
and film.
below to further control the motion
of the
Synchronism is maintained by setting up
the film with the proper loops, so that when a
given picture is at the picture aperture the
appropriate portion of the sound track will
be at the light aperture in the sound reproducing section of the projector. An error
of one or two frames is allowable; beyond this
the defect in synchronism becomes noticeable
to observers. The proper separation of the
picture and sound elements is taken care of
in the printing of the film, the sound preceding
the picture (since the sound head is below and
a given point on the film reaches it after it
has passed the picture aperture) by such an
interval (19 picture frames, or about 14.5
inches) that scene and sound are projected
simultaneously.

Projectors

The Technique of Wax Recording

"Recent Advances
in Wax RecordFREDERICK'S paper on
HALSEYing," A.
printed in the Transactions of the
Society of Motion Picture Engineers, Vol. XII,
No. 35, 1928, contains material of much interest, not only to the sound-motion picture
specialist, but to students of applied acoustics
in general. Mr. Frederick is an engineer of the
Bell Telephone Laboratories. His paper is
concerned with lateral cut records, in which
the groove is of constant depth and undulates
about a regular spiral on a flat disc.
After some preliminary discussion, the
author refers to a curve, here reproduced in
Fig. 3, which shows a typical frequency characteristic for a commercial electromagnetic
recorder. The response is allowed to fall off
below 250 cycles as a commercial compromise
between quality of reproduction, the necessity
for getting a certain amount of music onto a
disc of reasonable size, and the amount of
energy in the form of sound oscillations which
it is desirable to get off the record when it is
played. The intensity of the sound, in playing
a lateral cut record, is a function of the
velocity imparted to the needle, and that is
the product of the amplitude of the oscillation
and the frequency. With the characteristic
shown in Fig. 3 constant velocity is secured
from about 250 to 5500 cycles, with constant
amplitude below 250 cycles. Were the amplitude to be increased below 250 cycles to keep
the output constant, the cutter would break

Close-up view of the picture head of a Simplex motion-picture projector
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through from one groove to the next in the
wax, or, if the pitch of the spiral were increased to allow for a wider swing, the
amount of entertainment which could be put
on a given disc would be much less. The loss
in low frequencies introduced by adhering to
constant velocity cutting only as low as 250
cycles may be compensated in reproduction,
if desired, by means of corrective net-works,
or in the characteristic of the electric pick-up
employed.
Of course the amplitude of the cut as a
whole can be reduced, and the loss in output
made up by increased amplification in reproduction. Inthis way the constant velocity
relationship could be maintained down to a
considerably lower frequency, but when this
is attempted another limiting factor is encountered— needle scratch or surface noise,
caused by the nature of the record material.
It is desirable to keep the oscillations corresponding to the speech or music large in order
to keep the disturbance caused by the needle
scraping the record relatively low. Before the
general amplitude of cutting can be reduced,
therefore, improvements in record material
must be effected.
Frederick states that wax records can be
made with special recorders flat to within 1 db
from 250 to 7500 cycles, and not deviating
more than plus or minus 4 db between 30 and
8000 cycles. Such a characteristic, or even the
characteristic shown in Fig. 3, can be secured
only by flat amplifier design and by constructing the cutting mechanism mechanically on
principles analogous to the electrical ones
now generally employed. One of these principles, in telephone transmission practice, is
to terminate the system with an impedance
of such a value as to avoid reflection of energy.
In modern electrical recording this is accomplished, in the mechanical portion of the
system, by not using the rather variable load
imposed by the wax on the cutting stylus as a
termination, but instead supplying a relatively large mechanical load in the form
of a rubber rod, which dissipates the energy.
The work done at the stylus is then incidental mechanically, although functionally
it constitutes the whole purpose of the
machine.
The actual cutting takes place on what is
essentially an accurate lathe with a vertical
shaft. The groove cut is generally between
five and six mils wide, and 2.5 mils deep. The
space between grooves is of the order of four

Fig. 1 — General view of the
Simplex projector

Fig. 2 — Schematic diagram of
mechanism in a standard motion-picture projector with, sound
adjunct
mils. The number of grooves per inch varies
between 80 and 100 in normal practice, with
90 as the average. This gives a pitch, or distance between turns of the smooth spiral, of
0.011 inch, (11 mils). Since the space between
grooves is 4 mils, the permissible amplitude
of oscillation is not over 2 mils. If this limitation, for the reasons stated above, is set at
250 cycles, then for a constant velocity cut
(amplitude varying inversely with frequency)
the amplitude will be 0.0001 inch (0.1 mil)
at 5000 cycles. These are microscopic dimensions, and the work is, indeed, best done
under a calibrated microscope, which moves
across the disc with the recorder stylus.
It is interesting to note that in wax recording and reproduction the linear speed of the
record past the cutter or reproducing needle
varies between 70 and 140 feet per minute, a
figure of the same order as sound film speed
(90 feet per minute). For a minimum linear
speed and fixed groove spacing, there is an
optimum relation between the size of record,
rate of rotation, and playing time. This may
be mathematically expressed and drawn as a
family of curves, here reproduced as Fig. 4
By means
of a special
"playback
which
is lighter
and more
elastic pick-up,"
than the
usual electrical reproducing pick-up, the
newly cut wax may be played immediately
through an amplifier and loud speaker system, with quality sufficiently close to that of a
hard record to allow an accurate judgment of
the performance. This is a valuable feature
both in phonograph recording and soundmotion picture applications.
The material of the finished record, or
"pressing,"
has to beofhard,
in order
a sufficient number
playings,
and toit afford
must
contain enough abrasive material to grind a
new needle quickly (in 10 to 30 seconds) to
fit the groove. Most of this wear is in the starting spiral, in which no sound is recorded.
Since pressure is force divided by area, the
pick-up, with a weight of about 4.5 ounces,
exerts an enormous pressure through the
microscopic area of a new needle, and even
after the needle is worn to a fit the pressure is
of the order of 50,000 pounds to the square
inch.
Contrary to a general impression, the
finished pressing is a faithful copy of the wax
record and loses practically nothing in es• april, 1929
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sential frequencies. Its defect is in the addition
of surface noise. By improvements in the
material, as well as in the electro-plating
process by which the wax is copied, Mr.
Frederick states that a reduction of 3 to 6
db in surface noise has been secured during
the last two years. Further improvements
may be expected in this line, without change
in
the present size of records and amplitudes
of recording.
By an interesting calculation, Mr. Frederick
shows that the diameter of the bearing portion
of existing commercial needles used in electrical reproduction is not too great to follow
the groove undulations at 7000 or even 10,000
cycles, with standard methods of recording, so
that this factor is not a limitation in reproduction of high frequencies by this method.
Advances in electrical pick-up design have
been in the direction of reduced mechanical
impedance at the needle point, elimination of
resonances in the tranmission chain, and
reduced weight. These factors combine to
secure better reproduction of the higher notes
and less wear on the record.
The comment of an engineer who is not a
specialist in the wax recording field, based on
observation in theatres, would probably be
that Mr. Frederick's paper shows interesting
and important improvements, but that much
still remains to be done before an entirely
satisfactory technique is evolved.
Mils, and What They Are

the
certainlymatpapers
theatrical
THE
in technical
but are
on earth,
snappiest
ters, however simple, they are about as
ignorant as one can be without trying. Last
summer there was considerable speculation
among the Broadway savants regarding standardization ofsound track width on talking
films, and the trade papers found numerous
occasions to write about 80-mil sound tracks,
100-mil sound tracks, and so on. But they
hardly ever printed it "mil." Frequently it
was "mill."
"mile."But Again
became
nor
a mile And
is neither
a mil it
"millimeter."
a millimeter. A mil is a thousandth of an inch,
and nought else.
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Method

PRODUCTION

of Matching

TESTING

By

VARIOUS different types of apparatus
have been devised and tried by the
author in order to obtain accurate
matching of coils and condensers with a minimum maintainence cost. These types have
included aural and visual tests of all sorts,
and the final system has been an adaptation
of the beat-frequency audio oscillator. In a
preceding article ("A Simple Unit for Measuring Impedances," September, 1928, Radio
Broadcast) the importance of closely matching the mdividual coils and condensers in a
radio receiver was stressed.
In the beat-frequency audio oscillator we
utilize two radio-frequency oscillators, one
having a fixed frequency and the other a
frequency varying from the fixed frequency
up to any desired difference. For instance, one
oscillator might be fixed at 500 kc. and the
other vary from 500 to 510 kc. This produces a
frequency difference between the two varying
from zero to 10,000 cycles, and if these two
oscillators are loosely coupled to a detector
this beat will appear in the output as a variable audio frequency. This system has been
used extensively to produce a compact audio
oscillator with a continuous range and fairly
constant output. The maximum frequency is
obviously dependent only upon the frequencies ofthe two oscillators and the size of
the variable tuning condenser. If both oscillators are tuned to very short waves and a
large variable condenser is used, the beat
can be made to go from low audio notes to
radio frequencies far above the broadcast
band. The lowest obtainable note depends
entirely upon the degree of coupling between
the two oscillators. If they are coupled closely
they will "pull in" at comparatively high
frequencies, and that will set the lowest obtainable note. To lessen this tendency it is
customary to set one oscillator at a harmonic
of the other. For instance, one might be fixed
at 500 kc. and the other vary from 250 kc.
to 255 kc. (the second harmonics being 500
to 510 kc), thus producing a 10,000-cycle
maximum beat.
To adapt this device to production testing
in a manufacturing plant we see that the audio
beat note will pass through zero when the two
oscillators are identical in frequency. To
match two condensers we merely need to
make up two oscillators whose frequencies
depend upon the capacities of the condensers
under test, and if they match we will get a
zero beat. This is the principle of this [system
applied to condenser matching.
The apparatus (Fig. 1) consists of two
oscillators, a detecting system, and an audio
amplifier. One unit of the condenser gang is
connected to one oscillator and the other oscillator is connected alternately to each of the
other units of the gang by means of switches.
A small compensating condenser, C4, is connected across the tuned circuit of one oscillator and a variable midget condenser, C3,
across the other. These are adjusted so that
when the vernier, C3, is set at mid-scale
and the two condensers under test are equal,
a zero beat will result. If the condenser C2 is
greater than Ci, the dial on the vernier C3
will have to be moved to one side of midscale to reestablish zero beat. The amount of
motion necessary is a measure of the unbalance between Ci and C2. The vernier, O,
should be about 35 mmfd. maximum capacity, and for such a condenser one division
on a hundred-division scale corresponds to
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approximately three-tenths of one mmfd.
Let us now take these parts and dispose
them to make a satisfactory production tester.
To fill this purpose the apparatus must be
sturdy, reliable, and quick of operation. The
whole should be mounted on a base of strong
steel and should have a jig so that the condenser gang will mount quickly and securely
on the base and always in the same position.
This latter consideration is important as the
position of the gang makes a great deal of
Mr. Shea describes in this article an
instrument suitable for use in the production testing of coils and condensers
for use in manufactured receivers.
The author has been connected with
the radio division of American Bosch
Magneto Company.
Obviously the sensitivity and selectivity ofa modern single-control receiver depends to a large degree on the
accuracy with which the coils and tuning condensers are —matched.
The Editor.
difference in the stray capacities which are
shunted across the gang. All the wiring should
be of heavy bus to insure remaining in place
and great care must be taken to make it
uniform for all the units of the gang. The drawing of Fig. 2 suggests a successful layout.
The coils Li and L2 must be identical, and
to insure this fact they should be measured
for inductance in the shields. The capacities
of the tubes can be compensated by the adjustment of C4, so that the matching of Li
and L2 and the uniformity of leads are the
only strict requirements.
To adjust this device place the condenser
gang on the jig and set it at zero, i.e., minimum
capacity. Set the vernier, C3, at 50° (on a
100° scale) and adjust C4 untd you get a zero
beat. To check this and also the uniformity

of the wiring, test about ten gangs and note
the readings on all three switch positions. If it
is
that the average
in all
cases is 50°
thenfound
the adjustment
is correct.
If, however,
all
averages
are offbethechanged
same amount
then
C4 should
to bring from
them 50°
to
50°. If the average on any one switch position
is off it means the wiring is non-uniform, and
it can be fixed by pushing the bus wire nearer
to or farther from the base. When the tester
is correctly
adjusted the average of a larger
on
C3.
number of gangs should be very close to 50°
We are now ready to set limits. If our gang
has a capacity of 20 mmfd. at minimum, 200
mmfd. at mid scale, and 500 mmfd. at maximum, and we wish to hold units to within
1 per cent., then our allowance is 0.2 mmfd. at
0°, 2 mmfd. at 50° and 5 mmfd. at 100°. In
setting these limits it must be borne in mind
that the strays also add to the capacity, and
the total minimum will be 40 to 50 mmfd., so
that 0.2 mmfd. is holding them much closer
than 1 per cent. In such a case 0.5 mmfd.
would be the proper tolerance at zero, 2.25
mmfd. at 50°, and 5.25 mmfd. at 100°. If our
vernier has 0.3 mmfd. per division this becomes approximately two divisions at zero,
7 divisions
at 50°, our
and gang
17 divisions
100°. the
Then in testing
we set itatupon
jig and denser
turnone with
on switch
S]. This
condenser
two.matches
We set conthe
gang at zero and rotate C3 to get zero beat.
Let us say it comes at 51°. Snap on switch
S2 and readjust C3. This time we get 50°.
Lastly turn on switch S3 and here we get 49°.
This
gives us
51°,two50°.readings
and 49°differ
for the
four units,
and 50°,
as no
by
more than 2 divisions the gang comes within
the limits specified above. A similar process at
50° and 100° gives us the deviations at those
So much for condenser matching. Now let
positions.
us turn to the application of such a system to
coil matching. Here we have a much simpler
problem and are able to obtain even greater
accuracy
evident. for reasons which will soon become
2 STAGE AMPLIFIER
UX201-A

Note: toC|first
goesCondenser,
directly
C2indicated.
is switched as

UX201-A

C j — C 2 Condensers to be matched.
C3 4035 mmfd.
-C4
mmfd Vernier.
Neutralizing Cond.
L!" Mf" L2-L2' 90broken
turnsat No.26
30 turnson 2"Coil,
for
Plate Coil. Coils in Copper
Cans 3"diam.

To Frame
Fig. 1 — Circuit of beat-frequency oscillator for testing gang condensers
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Fig. 3 shows the set up of the coil tester. It
comprises two oscillators and a radio receiving
set. One of these oscillators is fixed, say at 300
meters, the wavelength to which the receiving
set
tuned.
The other's
depends
uponis the
inductance
of thewavelength
coil Lx under
test
and is brought to 600 meters by the vernier
C3. C4 is a compensating condenser which can
be adjusted to bring the reading of C3 to
exactly
50° whenthatusing
standard
coil. Itis
will be noticed
the asecond
harmonic
used here for greater sensitivity and also that
the coupling between the oscillators is extremely loose, as we have the r.f. gain through
the receiving set to make up for it. Thus we
are able to get a very sharp reading on this
tester.
It will also be noticed that the two oscillators differ in wiring in this tester. The fixed
oscillator uses a modified Hartley circuit, i.e.,

3T

utilizing a coupling coil for feedback, whereas the other oscillator
gets its sistance
feed-back
throughto aboth
rewhich is common

„50mmfd.
plate and grid circuits. This eliminates the need of a tickler coil,
■ UX201-A
and the coil under test has only
0.006 mfd.
two connections made to its extremities. Also a filter is provided in Lf, Cf which reduces
the coupling between the two
oscillators. The two oscillators
are shielded from each other by
partitions and the only coupling
is through the common batter-Circuit of beat-frequency oscillator for
ies, as in the case of the contesting coils
denser test, except that it is
reduced still further in the case
of the coil tester by the use of the Fig.
filter.3- is very rapid if the coils are at all close,
as an audible beat will usually be heard the
In using this tester set C4 so that an average
of a large number of coils will minute the coil is placed in the jig, denoting
that
6V.the^ coil is easily within required limits,
come at 50° on C3. Limits may
so
that in most cases it is unnecessary to
Coil in Shield
Phone i 0 ___ 0 i
Coil in Shield be obtained for C3 by measuring the extremes of a large adjust C3.
Jacks"7!— ^ '
OscSocket
A word of caution is proper here regarding
number of coils. For instance,
the use of B-power units to operate these
if
the
average
coil
is
200
microOscillator
henries and a coil giving a testers. While the testers themselves will
AF. LyJ AF.
operate satisfactorily on such devices they
reading of 60° is 195 microA.F.Transformers •'
will usually cause considerable external anhenries,
and
a
coil
reading
40°
is 205 microhenries, then ten
noyance tonear-by receivers due to radiation
through the power lines. If sets are being
degrees on the tester corretested
in
the
same building they are apt to pick
sponds to five microhenries
in 200 or 2| per cent. If 1 per up the beats when they are tuned to the same
Insulated Strip carrying contacts
cent, tolerance is allowed this wavelength as the tester.
for Stators of gang Condenser
The foregoing discussion will no doubt show
means 4 degrees. It has been
found possible to hold coils to that the use of beat frequencies in inspection
tenths of one per cent, with apparatus is much to be preferred to previous
this tester, as it will easily methods of aur;d and visual measurement, not
Toggle Switches to switch to different
show a difference of a few only for accuracy but for speed as well, and
units of gang
hundredths of one per cent, consequently is well worth adoption in all
between two coils. In actual plants when precision is desired at low
Fig. 2 — Suggested layout for oscillator of type shown in Fig. 1
use the operation of this tester cost.

BOOK

Advertising By Radio, By Orrin E.
Dunlap, Jr. The Ronald Press Company,
1929. Price $4.00.
In this new volume on radio advertising
appear figures for the returns of many recent
commercial broadcast features. The author
has had access to the sales-promotion material and tabulations of mail return of the
National Broadcasting Company and its
affiliated stations and also those of won.
These are quoted liberally throughout his
book and should make the volume of immediate interest to all solicitors selling time
for broadcasting stations, because any shred
of material giving tangible proof or suggestion
of
proof toofthem.
the medium's effectiveness is
welcome
To one familiar with all the problems of
commercial radio broadcasting the rather
broad scope covered by the title of the book
and the headings of the chapters is hardly
fulfilled. But Dunlap provides the complete
answer to the question, "Does commercial
broadcasting on bring
mailprograms
response?"
His
observations
broadcast
are those
of any expert listener and critic. He levels
a few richly deserved shots here and there at
announcers for faux pas familiar to radio
listeners. In common with the entire broadcast industry he sidesteps the most important point in appraising the value of the
good-will program, namely, " Does broadcasting actually proof
influencethatsalesthousands
and at what
cost?"
Conclusive
of people

REVIEWS

send for a cross-word book or a bridge score
pad is only indirect and inconclusive evidence
as to actual sales return.
Considering that commercial broadcasting
is now entering its eighth year, the advertiser
certainly has the right to expect some tangible
proof that that warm feeling around the heart
which the radio listener is supposed to have
for those who sponsor programs has in one
instance or another actually increased sales
volume by a definite number of dollars and a
definite cost per dollar increase in sales.
With reference to the practical utilization
of broadcasting by an advertiser and such
specific and relevant problems as the method
of procedure for the selection of stations, programs, management of artists, methods of
preparing script, personnel and organization
required, and methods of tabulation of returns, little if any information is given. It is
characteristic
of the
writer's
style method
in this
particular volume
to use
the primer
of asking a question and then attempting to
answer it. "Of course if you were an advertiser
seeking good-will on the radio, what would
you send through the microphone to entertain
a million listeners and hold them spellbound
on a series of wavelengths until the program
concludes? Would you contract for the Goldman Band, Will Rogers, Irvin Cobb, or would
you fink the name of your product with
George Gershwin, Galli Curci, Al Jolson, a
prize fight or Paul Whiteman's orchestra, or
would you select an opera, etc., etc.?"
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One chapter is devoted to selecting the
broadcasting station for the commercial
program. Dunlap calls attention to the fact
that the station used must have a good wavelength and that it should reach an area which
constitutes a market for the type of product
involved.
The selection of broadcasting stations has
become much more than a matter of merely
selecting one with the best wavelength, covering the area desired. Many complex questions
now enter such as chain affiliations, habitual
program character and its effect in establishing a particular type of audience at different
hours, transmission quality, conditions on the
frequency to which the station is assigned,
suitability to the particular type of program
which the sponsor desires to present and
numerous other factors, now habitual considerations when advertising agencies are
called upon to select broadcasting stations for
a particular client. It is obvious that Mr. Dunlap's tent
roleobserver
has at
beentheone
skillful and
loudof speaker
rathercompethan
actual contact with the problems of managing
directing and placing broadcast advertising
features. He deals very fairly with his true
subject,tisers,the
returns
by radio
adverand the
book obtained
is certainly
enlightening
to one interested in this subject. It falls short,
however, of a complete study of radio advertising and a guide to the advertising manager
who would use the medium of radio broadcasting.— E. H. F.
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SERVICEMAN'S

quite numerous problems that beset
THE
the serviceman can be cleared up best
by a general discussion of them by several workers who have encountered and solved
similar difficulties. A half dozen or so suggestions on the elimination of categorical troubles
are always better than the isolated experience
of any one serviceman.
Six servicemen can give their brothers a
better idea on how to go about curing a power
pack that overheats than any one of them
who may have run across only one of the several possible causes of hot transformers.
From month to month, as we scan our correspondence, we are going to pick out the
more general attributes of poor reception, and
put
them before the serviceman for open discussion.
The topic this month is noise. The serviceman every day runs into complaints of this
sort. Needless to say an objectionable noise
should not be present in any receiver, and it is
often the job of the local expert to eliminate it.
Many things may cause noise in a receiver,
from proximity to the lighting mains to an
ageing rectifying tube. The cures for noise
are as many and as varied as its causes.
What cases of hum have you run into?
What is your general procedure in tracing
and rectifying trouble of this nature?
Short articles on this subject of hum reduction will be welcome in "The Serviceman's
Corner" — and paid for at our usual rates.
Service Equipment and Procedure
IDEAS on test equipment and the procedure
of locating radio troubles are about as diversified as the possible ways of making
stuffing for chicken. The tools and
methods vary with the individual. It
turns out that this business of fixing a
radio set is rather a personal affair,
and is cut and dried only in its fundamentals. This departmenthas received
many contributions from servicemen,
describing their favorite equipment
and their systems of using it. While,
offhand, it might appear that the selection of the proper tools, and the
knowledge of how to use them would
be kindergarten stuff to the readers of
these pages, so much interest has been
displayed in the matter, as is evidenced bythe many contributions on
the subject, that we feel justified in
publishing the more representative
letters, and drawing from them such
conclusions as we can.
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set-tester consists of a 0-8 d.c. filament
voltmeter, 0-300 high-resistance plate voltmeter, a0-15-100 milliammeter, and an a.c.
voltmeter with a range of 0-15-150 volts.
The tester is also supplied with a cable and
tube bases to make the various tests. This
equipment is all contained in a small carrying
case, very compactly and neatly arranged. I
designed and built this service kit myself.
"When servicing a radio receiver this is the
routine I always go through: First, upon entering the house and while checking the battery connections, I ask the owner a series of
questions as to how the set has been acting,
how long it has been out of order, etc. This
will often save a lot of trouble as the owner
will generally give you some information that
will point directly to the trouble. I then check
the A- and B-battery connections, test the
batteries, and then place the plug from the
tube tester in the first radio-frequency socket
and test all the tubes in this socket. I then remove the plug and place it in each socket and
note the plate and filament voltages, and also
the plate current which tells at a glance if the
plate, filament, and grid circuits are all complete. Next I replace the loudspeaker with
headphones and inspect the antenna and
ground connections. Any further continuity
tests are very seldom necessary."
ANOTHER SERVICEMAN'S IDEA
Bor Brooke, of Minneapolis, Minn., goes
into more details, and a bit of reminiscence.
"Here I am sort of down with the flu or
something and I figured it would be an opportune time to scribble a couple of lines to you

about
the "Serviceman's
Corner." Among
other things
I am a radio serviceman,
and as
some satisfied customers think I'm not so bad
as a serviceman, I thought possibly I had a
chance
getting
a line
into Itheam " Serviceman's
Corner."of The
other
things
are: amateur
radio operator — w9dsh-w6awr, commercial
radio operator,
salesman
(house-tohouse
once whenwgdj-nog,
broke and
in a small
town
on the Pacific coast while waiting for my ship
to come in), broadcast operator, knrc, radio
engineer in a B-power imit manufacturing
company. So now that I've explained myself
I'll start on some ideas I have on radio service.
"First,
will give ofa list
whata serviceman
I consider
about
the Iminimum
toolsof for
out on the job:
1. A good test kit for a.c. and d.c. sets.
2. A flashlight (I find Burgess snaplights to be the
handiest).
3. A kit of tools containing:
a. several
varioussetssizesof good pliers and cutters of
b. several assorted screw drivers
c. a complete set of spintites
d. a rat-tail and several small files
e.f. aa pair
of phones
few fine
drills and a hand speed drill
g. a box of assorted screw nuts and junk
4. A bakelite balancing stick with a hex hole A"
"The test kit has two uses, it gives the customer ahigher impression of the serviceman
from the start and it makes a positive and
quick check of the set and nearly all the circuits in the set as well as testing tubes, voltages, etc. It is the best investment a serviceman can make for himself and often gives or
loses you a job. I found mine handy once when
I was stranded
on theI woidd
Pacific get
coast
and Ididn't
know when
a ship.
took

SUGGESTIONS FROM KANSAS
Raymond E. Snoddy, of Leavenworth, Kansas, boils it all down in a
few paragraphs:
am making which
a service
this"When
is the Iequipment
I use:calla
meter with a range of 0-50 volts and
0—35 amperes, a long and a short screw
driver, two pairs of pliers, file, soldering iron, headphones, hydrometer, test leads, tape, pipe cleaners,
spare wire, a large cloth, and a
tube- and set-tester. The tube- and

The Weston tube-checker is an excellent piece of
shop equipment for the dealer-serviceman. Any
4 or 5 prong tube may be tested with this set
page 389 •
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my
test kit
made that
house-to-house
canvass
in aand
district
was bound
to be good. I offered free tests on the
customer's tubes and batteries and
told them truly just the condition of
their set. In case they needed anything
invariably they bought it from me. I
also had a Sterling tube rejuvenator
along and brought their tubes up for
two bits apiece. I also sold several sets
during the month I worked the district, and although it was hard work
and very discouraging at times it was
better than going hungry. I played
the game fair and square, made a good
many friends, and worked up a good
little business that I passed on to a
friend whom I had met — that was another example of the helpfulness of a
test kit.
"The Burgess snaplight is the
handiest little light for a serviceman
that I have ever seen as it gets into
small places and you hold it in your
hand and work with the hand too.
I buy them by the half dozen as I lose
them or leave them all over town.
They cost 26 cents apiece wholesale
andin last
it
a daytwoor weeks
two. if you don't lose
"As for the tools, that is another
thing that a customer looks at when
the serviceman arrives. A neat kit and
a good clean set of tools makes a great
impression on the average set-owner."
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ANOTHER SUGGESTED ROUTINE
A few additional points are adduced by
Newell N. White, of Wichita Falls, Texas,
who skims the milk of eleven years of servicing
as follows:
"I have
in the gamesetssince
service
workbeen
on broadcast
since1917,
1921 doing
with
the exception of the two years I was with
S. W. Bell Tel. Co. Therefore, I feel at liberty
to tell the way I go about checking a set in
the home of a customer.
"First I will give the routine I follow on
battery-operated sets.
"First the A battery is checked. If it is an
acid battery the test is made with a commercial current-drain tester (I find the Hoyt CellCheck good enough). A hydrometer is never
used in the home. A cell checker is sufficiently
accurate and there is no danger of spilling
acid. Next the B batteries are tested (with no
set load) with a low-resistance pocket voltmeter, which puts a heavy enough load on
batteries to cause a voltage drop if they are
weak. The C battery is checked next. All batteries found defective are replaced before test
continues, as all other tests require voltage to
give meter readings.
"The next step is to remove tubes from set.
When this is done all circuits should be open
leading from batteries to set. A high-resistance
voltmeter is connected in series with each
lead from batteries. This will show up any
shorted batteries, leads or filter condensers.
"The next and final step in testing the set is
with a Jewell a.c. -d.c. box (would not trade it
for all the rest of the equipment a serviceman
could carry in a truck). This is done with all
batteries connected and all tubes in their
sockets, except socket under test. The Jewell
box tests the filament, grid, and plate circuits
of all sockets. In this test, open grid suppressor, open grid coils, poor ground connections, open plate coils, open audio transformers, etc., can be detected. If still no trouble is
found the loud speaker is tested by placing
it in series with an a.c. plug from a convenient
outlet and the a.c. voltmeter of the Jewell
test box.
"Next spected.the
and have
ground
are the
inIfnone antenna
of these tests
located
trouble apparently the repairs will have to be
made in the shop where I have an oscillator,
stationary test board, output meter, etc.
mighttested
add that
while are
the also
various
sockets
are" Ibeing
the tubes
tested.
"
In
a.c.
sets
the
troubles
are
less
numerous
as I find most calls are made on account of
bad 227-type tubes or a noisy volume control.
In testing these receivers the line vo'tage is
first checked to give me an idea of whether the
set voltages are high or low. After this is determined each socket is tested with the Jewell
test box which shows the trouble very easily.
Since the power pack should be under "set
load"
is being
tested,
like to
test fromwhile
the itpack
terminal
strip.I never
The antenna
and ground are also inspected on electric sets.
"In this letter I also wish to comment on
the article by Thomas Glose, in January, 1929,
Radio Broadcast. Probably Mr. Glose was
using a high-resistance voltmeter to make his
continuity test. If so, the sensitive meter
would still show full voltage, because no current to speak of was being passed through
corroded contact.
" Now don't get me wrong. I would not start
on a call or try to fix a set without my highresistance voltmeter, but, fellows, you better
watch the things. I will bet that a meter of low
resistance that had a fairly heavy current
consumption, as meters go, would have shown
up that poor connection."
SUMMARY
The amount of test equipment the serviceman should carry with him is determined to
quite an extent by just how much work he
thinks he ought to do in the home of the setowner. This too, is a matter of personal opin-

ion, but a consensus would limit this to rather
elementary tests and repairs. Actually it is a
compromise involving convenience and economy. Major repairs can be effected more
efficiently in the serviceman's shop than on
the library table of the set-owner.
In summation, it would seem that the following equipment is adequate for making all
the adjustments and minor repairs that should
be made outside of the workshop:
One a.c. and d.c. tube test set;
Two screw drivers, one large and one small;
One diagonal cutter;
One six-inch pliers;
One
One long-nose
small file; pliers;
One sheet emery cloth;
One piece of cloth;
One coil
One
knife;of wire;
One roll of tape;
One Burgess snaplight ;
One pencil with an eraser.
The procedure should be altogether logical.
Spend two minutes in finding out the past history of the receiver — then proceed to diagnose
the trouble. This will fall into one of four
main classes: no reception at all, weak reception, noise, and distortion.
If there is no signal response, endeavor to
localize the difficulty without immediate recourse to the test set. If the tubes light, hit
the detector tube lightly with a pencil. A ring
in the loud speaker shows the a.f. circuit to
be o.k., locating the difficulty in the r.f. circuit. (No ring is, of course, indeterminate, and
the usual systematic checking of power and
tubes should follow.) If the trouble is in the
r.f. end of the set, connect the antenna to the
plates of different tubes in an endeavor to
locate the faulty stage, and then go to work
on it. Cases of weak reception should be similarly investigated. The possible causes of
noise are many and are treated to some extent
elsewhere in this department. If the trouble
is distortion, the a.f. circuit should immediately be suspected, and tests made for emission, and incorrect A, B, and C potentials.
The point to be emphasized is that service
time can often be cut by using a bit of common
sense before resorting to a test set — invaluable
as this may be. As John Dunham points out,
in his article in March Radio Broadcast, a
knowledge of radio engineering fundamentals
is a servicing tool second to none.
Bad Tubes and Service Troubles
W\ S. HARTFORD,
the Kellogg makes
Switch-a
board and Supplyof Company,
concise
and interesting
observation:
may
be interested
in knowing
that 65 per "You
cent,
of the reported cases of no reception were
traced to incorrect insertion of one or more
tubes. About 15 per cent, of the cases were
due to low B voltage. In consumer complaints, many owners felt that advancing
the rheostat to the tubes will cause shortened
tube life. The actual effect is to impair the
selectivity and sensitivity of the receiver with
a gradual
weakening Company
of the tubes."
The Arborphone
broadcasts a
somewhat similar warning on sheet 8 of their
servicetion to the
manual:
"We thewishgreater
to callpercentage
your atten-of
fact that
power pack trouble may be attributed to defective tubes. After through tests and reports
from various sections we find the following
troubles are caused by defective tubes:
Lack of sensitivity, lack of volume, a.c.
hum, noisy reception, and fading. However,
the most serious of all the defects is that many
of these tubes, after being in use a short time,
will develop a short in the plate circuit,
thereby frequently burning out the power
transformer."

Miscellaneous

How Much Current Does My Receiver Consume ?: The serviceman is often asked just
how much current the particular a.c. set he is
page 390 •
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servicing consumes — a reasonable bit of curiosity on the part of the owner. Malcolm
Chase of Taunton, Mass., suggests a simple
way of determining just what it costs to operate any a.c. set, as far as current consumption
is concerned.
" In order to determine the approximate cost
of electricity consumed by an electric set
without any accessories the following method
may be used. A fifty-watt lamp which consumes five-hundredths of a kilowatt hour
per hour should be turned on and, if a kilowatt
costs say eight cents, multiply eight by fivehundredths. This will give you the cost per
hour to operate a fifty-watt lamp. Now consult your electric watt-hour meter and count
the number of revolutions the aluminum disc
turns in one minute.
"Now turn on your radio set or battery
charger. Suppose the disc makes one and onehalf times as many revolutions as it did for
the fifty-watt lamp in one minute. Obviously
the radio set will cost one and one-half times
as much to operate as the fifty-watt lamp.
Make sure of course that the only load on the
line is the device you are interested in comoperating
cost of." The Fordham
Sellingputing theA.C.
Tube Insurance:
Electric Company, dealers and service in the
Bronx, New York, are selling the Ward Leonard Vitrohm Line- voltage Reducer, shown on
page ricts
391,whereto the
manylineclients
a.c.above
distvoltagein outlying
often rises
safe limits. This is good business. The good
will of the customer is more than worth the
sale of replacement tubes.
The latest merchandizing scheme at this
store will interest the small-town serviceman
who is also generally the main source of radio
supplies. Hundreds of burned out tubes are
heaped in the window surmounted by a sign
reading: "For Sale Cheap." A second sign
tells the story of the fine-voltage reducer as
a means of preventing blown-out tubes. Dozens of customers have been brought in the
store by this window display and sold on the
spot. Many of them spent only two dollars
for one of the line units the first time, but
came back later to spend much more money
for a set and accessory equipment.
Elimination of Noise
THE following trouble is quite common,
although the first time it is encountered it
might cause a lot of extra work. It starts out
like a microphonic howl and grows to a roar
of rather low pitch. The usual routine tests
indicates everything o. k. except that when a
certain 226-type tube is inserted in the settester the howl stops. However, when it is returned to the set the noise starts again.
Upon examining the tube it will be noticed
that the filament and grid are nearly touching
each other.
When the tube is in the set the vibrations
from the loud speaker cause the filament and
grid to short, thus causing the howl. When
the tube is inserted in the tester, which was
away from the set the vibrations do not affect
the tube and everything seemed o.k. The .
remedy is obvious. A good way to find the
offending tube is to hold each tube with one
hand and tap it lightly with the other. A
defective tube will cause a prolonged scratchy
noise in the loud speaker.
H. Weimar, Appleton, Wis.
DATA FROM KING MFG. CO.
The service bulletins of the King Manufacturing Company, of Buffalo, N. Y., contain
some interesting "dope" on the elimination of
noise.
"Some radio tubes are microphonic in action and when used will cause a ringing sound
in the loud speaker. This will be especially
noticeable when the set is jarred or when the
lid is closed. Usually microphonic tubes cause
the
stage.greatest trouble in detector and first-audio
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"To
overcome
this difficulty
try changing tubes
into different
sockets first
to isolate
the
microphonic ones. If this does not eliminate
your troubles ballast the tubes mechanically.
To do this either use the commercial devices
marketed under the name of "Howl Arrestors," etc., or ballast with rubber tape.
"Wire- wound rheostats will at times, in
spite of all precautions, become noisy and produce a grating sound when turned. This is
due to the natural wearing of the resistance
wire and can be overcome easily. Simply take
a soft lead pencil and rub the lead over the
wire winding of the rheostat. This slight application of graphite lubricates the rheostat and
in no way changes its electrical characteristics."
INSULATION CAUSES NOISE
C. W. Mangold, of Richmond, Ind., sends
along the following that is typical of the many
exasperating cases of noise one encounters
when the receiver is jarred.
"Just recently I serviced a Bremer Tully
six-tube receiver. The only station that could
be brought in was wiw and the signals were
very weak. After checking the tubes, antenna,
loud speaker and power supply, and finding
them in good condition, I started to test the
set.
moving position
the firstthea.f.signals
tube, would
and getting
it in"Bya certain
come
in very loud, but just as soon as the tube
would go back to its normal position the signals would become weak again. I then removed the set from the cabinet and looked
for a bad tube socket or connection to the
socket but they were all right. In placing the
tube back in the socket and moving it around,
I found that the tube prongs were moving
some wires that run to the r.f. coils which
were covered with a metal shield. The insulation had worn off of one of the wires and was
shorted on the shield.
tube it would
moveand the
wire"Byfar moving
enough the
to eliminate
the short
of
course the signals would increase. After the
wire was wrapped with tape the set worked
satisfactorily."
DETERMINING LOCATION
The Freshman service bulletin contains the
following suggestions in reference to checking
up on noise:
"Disconnect antenna and ground leads.
If set becomes quiet, and signals, though now
very weak, are heard, the trouble is in the
antenna system or it is caused by electrical
disturbances. If due to antenna system, repair
same. The location of interfering electrical
disturbances may be found with the assistance
of the local power company.
" If removing
antenna
and ground
eliminate
the noise
the trouble
is indoes
the not
receiver or power supply. A defective tube may
cause noise, and poor or dirty contact at tube
prongs or between volume-control arm and
winding may be the cause of noisy reception.
A poorly soldered or broken connection in
the receiver may be the cause of noise. Check
the by-pass condenser for leak or intermittent
short circuit.
Very often noise is picked up by the antenna system. Such noises are generally caused
by line leaks, battery chargers, and static.
But the fact that a noise disappears when the
antenna is disconnected, or when a station is
detuned, does not necessarily mean thai the noise
is not in the set itself. Noises of all kinds, set
and external pick-up, are always accentuated
when a signal is being received. The detection
of a carrier wave sensitizes the receiver to all
sound disturbances.
If it is impossible to determine whether or
not the noise is arriving by way of the antenna
by ordinary means, an oscillator should be
coupled to the receiver, and its wave picked
up. The oscillator should be so closely coupled
that the pick-up is not affected through the

usual antenna system. Then the change in
sound intensity with the removal of the
antenna is a reliable indication of conditions.

history of this particular installation and the
results expected from it under normal operation, would speed up the next service job on
that receiver.

The Service Forum

ff SEVERAL servicemen have suggested
that it would be a boon to the independent serviceman if he could buy a test set on
the installment plan. Such purchase plans
must generally be arranged with through the
dealer rather than the manufacturer, and in
such cases the serviceman loses the discount
that is legitimately his.
A CALIFORNIAN serviceman, in the
a dealer,he writes
one of
B. B.employ
Alcorn'sof articles
stressedus:the"Innecessity
of good testing equipment. I had a hard time
getting mine together and when I came to
the Jewell Analyzer thought I never would be
able to get the $97.50 together. After a little
thought I went to my employer and explained
to him the necessity of an analyzer, telling
him that I felt our service could be improved
greatly by its use. A few days later I received
my outfit, getting it at cost and am paying for
it $10.00 per month. Maybe some of the servicemen who are reading your magazine have
been unable to obtain this equipment but have

A COPY
of JohnUnits
Rider's
book, AMen,
Treatise
on Testing
for Service
has
found
its
way
to
"The
Serviceman's
Corner."
This is a small book containing some fifty
pages of material much of which will be of

The Weston set-checker which has
been designed especially for
portable use
value to the radio workers to whom it is addressed. Mr. Rider has succeeded in collecting
from diversified sources considerable data of
interest to the serviceman. Items of probable
utility to our readers are short chapters on
tube reactivation, a general utility tube tester,
and the section on voltmeters and ammeters
with their multipliers and shunts. This book
can be obtained from the Radio Treatise
Company of New York City for $1.00.
ONE of the best books on the general servicing of commercial receivers that the service
editor has ever seen (and certainly one of the
best all around service manual published by a
manufacturer for distribution to bis dealers)
is that circulated by the King Manufacturing
Company of Buffalo, New York. This is furnished in loose-leaf form, with an attractive
and durable binder. It covers many general
items of interest in an altogether authentic
and useful way. Such points as tube rejuvenation, a simple modulated oscillator, adding
power tubes, static, test equipment are considered with no special emphasis on King
receivers. Any servicemen having occasion
to service King receivers should make it a
point to secure a copy of these bulletins if they
are not already on his radio book shelf.
//TTIIE dentist keeps a careful record of his
patient's
mouths
means of a chart
of
the teeth
noting,
theirby peculiarities
and the
work done upon them. The service bench
might
tip from
the dentist's
chair.withA
simple take
layouta chart
of each
set serviced,
a notation of voltages, tubes used and in
which sockets, along with an abbreviated

The Ward Leonard Vitrohm linevoltage reducer is valuable when servicing receivers in districts where the
line voltage is high
• april, 1929

a big-hearted boss."
THE
Supreme
Diagnometer"
can
be secured
from "Radio
the Supreme
Instrument
Corporation of Greenwood, Miss., by a down
payment of $38.50 followed by ten monthly
payments of $10.00 each. This is a complete
tool kit and test set combination, mounted in
a neat carrying case. The entire equipment
weighs 25 pounds.
SPEAKING of test sets call to mind a
half dozen letters from servicemen requesting construction data on simple test
equipment requiring only two meters, with
the necessary switches and shunts. We should
be glad to publish pictures and diagrams of
such a job. Have you one?
MANY a serviceman can make a profitable connection with a local dealer. Not
a few radio dealers have gone into the radio
business via a slow evolution from furniture
or kitchen stoves. They know nothing whatever of the servicing side of their business and
are losing good will because of their ignorance.
They would be more than happy to cooperate
with a good serviceman.
The F. 0. Kinnecom Electric Company
(Electrical Engineering and Construction)
of Providence, Rhode Island, established many
profitable dealer associations by sending out
the following form letter on their letterhead
to
"Geradio
ntlemedealers:
n:
"For the past 33 years the writer has been
engaged in electrical engineering and construction.
"Our experience shows that fully sixty per
cent, of the trouble with radio to-day is caused
by crude and faulty installations. Two or
three years ago the public thought that noise
was associated with reception, but to-day,
with the number of high-grade sets on the
market and the keen competition in making
sales, it is our honest belief and experience
that the houses that are making proper instal ations so as to insure a good quality of
reception are the ones that will ultimately
dominate the trade.
"We are qualified to make inspections of
radio installations, or to lay out or supervise
the actual work. We have a fine assortment of
high-grade testing instruments and we welcome an investigation as to our ability and
standing in the above line of work.
"Would it not be a good sales talking point
to state that all radio installations made by
your house are passed on by an established
engineering company, who issue an itemized
report to you? May we not be of service to
"Yours truly,".
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By JOHN S. DUNHAM
Q R V Radio Service, Inc.

of a
end runs
on theionoffice
eavesdrop
LET'S
e conversat
telephon
which
like this:
"Jones
Radio
SerYes. Mrs. Green,
vice.something
we shall
be glad
to have
a man call. What is the address, please? Which
model is your radio? Are you using batteries
or a power unit ? About how long ago did you
last have new B batteries? Thank you. When
would you like to have a man call? Only in
morning?
Yes, IMrs.
knowGreen,
we'vebutbeen
athenumber
of times,
we there
have
such a large number of calls that it is quite
impossible to remember all the special details
of each of them. Yes, we'll have a man call
to-morrow morning. Thank you."
Now let's eavesdrop in another office.
"Smith Radio Service. Yes, Mrs. Green."
While Mrs. Green is speaking, the efficient
young lady at the desk reaches about ten
inches to her right, to the alphabetical file
containing perhaps a thousand active records,
and extracts therefrom — within five seconds
— a card bearing the complete record of the
last several calls made at Mrs. Green's home.
The record makes questions unnecessary, and
she immediately replies to Mrs. Green's
statement of trouble by saying: "We shall be
glad to have a man call to-morrow morning
to take care of it, Mrs. Green. Thank you.
Good-bye."
While the example given in the first paragraph is exaggerated — the average service
concern would not ask all those questions —
every bit of that advance information is of
real value in servicing a radio. If complete data
is not on record, then it must either be obtained
from the customer each time a call is requested, orelse the serviceman must approach
the jobthing he"blind"
and hope
he'll have
everymight need.
Of course,
it would
be
possible to have a serviceman so fully

QRV RADIO SERVICE
Deeler.SRl..-.
Customer...- Jones. Carl.7...
Address JJl..B»..i2..S.t._ 4-B
Work to be done.-SyOt Probably, .naefla
i.'Ji..Bl.ami.l,«
oy.Hnnt-

Job No. 251 m
Phone
Phone

Set Bft4lPla..25 I
7-ute,.jnL-ia3„12a
. Snnplj Dry A. 0
IS..H»*l9la.iDQ
.Date 10/30...
.Dote ,

equipped that he would be prepared at all
times to meet extraordinary demands for
any amount of supplies, but it would be
neither practical nor economical. If proper
records are kept, each man takes with him,
each day, only the supplies he actually needs,
plus a small amount for emergency calls,
thus keeping the average inventory down to
a figure of perhaps one-fifth of that which
would otherwise be necessary.

billed" section, or if cash was paid, into the
"completed" section. The "to be billed"
section is removed bodily each afternoon, and
after
billing,
cardsremain
are filed
the "billed"
section,
wherethethey
untilin paid
or written off. Statements are sent out monthly,
and that fact is recorded on the cards. When
payment has been made, the card is then
placed
the first
"completed"
When in the
master-cardsection.
has been filled
up, and card number two has been started
with the record of a call made, then card
number
placed the
in an
"old"
file. Everyonesixismonths,
cardsinactive
in the active
"completed" section upon which no call have
been recorded during the past twelve months,
are removed, carefully tabulated in a classified record of customers gained and lost,
and are then placed in a "dead" file.
Arrangement of File

A Card System
THE system of records we shall describe
briefly has been used by one organization
for the past five years and has proven itself
to be very satisfactory. The 3 by 5 inch job
card illustrated on this page is written up
as soon as a call comes in, and is then immediately put in a numerical file under the
date the work is to be done. If it is to be done
the same day, it is put either into the individual job-card box of the man to whom it is
assigned, or, if it is to be telephoned to him,
in a special place on the desk until that, is
accomplished, after which it goes into his box
to be written up when he comes in. At the
end of each day the job-cards filed under the
date of the next day are assigned to the various men, a record is made of the assignments
in a day-book used only for that purpose,
and they
then placed
the men'sfor boxes.
There
is noarewaiting
in the inmornings
work
to be assigned.
The reports written by the men on the jobcards, before leaving each job, are transferred
practically verbatim, the next morning, to
the 5 by 8 inch master-cards illustrated.
These large cards, which have been filed in
the "to be done" section pending completion
of the work, are now put into the "to be

Fig. I — These
show a job-card
card of the type
Mr. Dunham
filled out on

THE
the cards
is parallel
to the
lengthplane
of theof drawer,
so that
the person
at
the desk is directly in front of the cards which
are in either the right- or left-hand drawers,
when they are open. Each of the active alphabetical sections employs guides of a color
differing from the colors of the other active
sections. Each section has a special guide preceding it,with a large tab on which is printed
the name of that section, and they are placed,
from front to back, starting at the front end
of the drawer, in the following order: "To
be done", "To be billed," "Billed," "Completed." The small job-card file, and the supply of blank cards of both sizes, are kept in
the ersupper
on bothleft-hand
sides are drawer.
used forThe
less lower
active,drawand
inactive files, arranged for accessibility in the
order of their degree of activity.

illustrations
and masterdescribed by
completely
both sides

S-ji. hrd\ & vol
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Z0KB I
Bill to 1
CARD No. * ,
DeldTFf QHV (from E.C.A.) Address
>la 25
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|
,
tlr.
Carl
J?.
Res.
Addr. 11 3ast 12th Apt. 4-B .. Set
Customer Jones
Tubes. TJX Ola 100
Bus. Tel. GRA-3200
Bus. Addr. 30 T88t 23rd St.
. L. S.Rad
Date '.1
Pd. '
•7DateA,B,C
Date Done by Job No.
Work done. Results obtained
Billed:[."'..
10/30/26 Hunt 25101 SVC* Put In A' a. Gleaned and ad.l. rheoa. Replaced
3 tubes. Reoommended p.,1. roster. Rest OK. 17EAF, TOR
BVfZ - Rood vol & qual. A 4.6 - B 81-40-118 10/31
11/15
0 4.5-22.5
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replacement. A'b and B'a needed
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Looals - Rood vol & qual. A 4.6 B 92-46-138
C 4.5-23 Sold d.J. meter
6/4
3/20/27 H.M.I.. 2*452 SVC. Put In A'e. Rent 01?. mif. mail. TUN - mod
vol & qual. A 4.6 B80-40-120 C 4.5-22^3/21
6/5/27 Pede 31004 SVC. Put In A'e and replaced open L.S. oolls. Plied
loop wires. Replaced ooen vol oontr oartrid^e. 1V.TZ
6/6 6/10
good vol 4 qual. A 4.6 B79-38-119 C 4.5-22£
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O.Ant.Inst.eqp.
In. Inst.
Loop set hukup
Service Zone I
As:
Bs: 10308
Cs:
5156
2158
Tubes: HZ 199

. Qual. .
Dalel/3i4/27 Da,e 3/20/27

_6Ai» 3.TOJ93_tula*_
CoiIe«ed...-=_
i Date

00
6
6
3

Cataoomb replaced
Weston pin Jaolc mat r
Radlola 100 oolls :
Trav.
Exp. rhaosta
Vol oontrol
Taxi
Total
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REOTFIERS

By ROGER WISE
Formerly, Chief Engineer, E. T. Cunningham, Inc.

THE first socket-power device sold in
or"
any quantity
eliminatwere
which
at the was
time the
these"B devices
first offered, some three years ago, commonly
utilized the general-purpose tube, type cx301a, as the rectifier. Some of these were
single-wave rectifiers, capable of supplying
10 to 15 mA., at 90 volts, while others were
full-wave rectifiers using two tubes and with
an output of 20 to 30 mA. The outputs mentioned were obtainable only with tubes in
which the filament was in the best of condition, and the slightest drop in filament emission became noticeable immediately in a reduction in output current and voltage.
These "B eliminators" gave good service
at the time they were introduced, the conditions differing considerably from present-day
requirements in several important respects,
the most important one being the plate current drain of the sets then in use. Five- tube
sets were just becoming popular, with six-,
seven-, and eight-tube sets quite rare. The
average receiver was of the three- or four-tube
type, requiring from 10 to 20 milhamperes, at
a maximum potential of 90 volts. The rapid
increase in the number of tubes per receiver
soon raised the maximum demand to 30 mA.
in the case of the five-tube receiver in which
the C battery was omitted altogether. Two
years ago, power-amplifier tubes were introduced, the 371-type tube adding nearly 15
mA., to the total receiver current drain when
operated 135 volts, and 20 mA. when operated at 180 volts. As a result of this increase
the maximum current requirements became
50 to 60 mA. Other developments were the
type of receiver in which the filaments of cx299 tubes were operated in series from socket
power, requiring 65 to 75 mA. and those using
cx-301a in series and requiring 250 to 300 mA.
The rectifier using the cx-301a, soon became inadequate in the face of the rapidly
increasing current demand, and the cx-313,
a full-wave rectifier, and cx-316b, a half-wave
rectifier, were introduced, the cx-313 providing an output of 65 mA., the maximum allowable transformer voltage being 220 volts a.c.
per anode. The cx-316b also has a rating of
65 mA., but the design is such as to permit
the use of higher transformer potentials, 550
volts. With an efficient filter the cx-313 provided amaximum voltage of 180 volts, and
the cx-316b, 450 to 500 volts. These types
are now being superseded by the cx-380 (fullwave) rated at 125 mA. and 350 volts a.c.
transformer voltage per anode and the cx-381
-A
1/i 3 (One I ilamentE ndOne inode)
1/
/// ,
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The author of this article on the
whys and wherefores of filament-type
rectifier tubes and circuits was, until
recently, Chief Engineer of E. T.
Cunningham Inc. He is now associated
with Grigsby-Grunow and actively engaged in putting into shape a tube
manufacturing plant that in size will
rival the largest now in existence. Mr.
Wise points out the development of the
present rectifier tubes of the 280 and
281 types. He shows that with certain
types of filter circuits the instantaneous
currents that must be supplied by the
filament of the tube are much too
great for the tube to have long life,
and suggests another filter arrangement which increases tube life.
It has been the experience of the
Laboratory Staff that the suggested
filter arrangement, whereby the first
filter condenser is eliminated, produces
too much hum for use with good amplifiers and good loud speakers. The
Staff's dental,
lack
of success
be from
acciand should
be gladmay
to hear
readers who experiment with these two
— The Editor.
filter systems.

Vibrator V3 is arranged to show the transformer secondary voltage, which, with 110
volts applied to the primary, was 230 volts
r.m.s., or 115 volts per tube, the applied voltage to each rectifier being one half of the total
transformer voltage because of the full-wave
connection. Vibrator Vi reads the instantaneous current through the tube, while V2 by
means of a special circuit arrangement reads
the voltage across the tube only during the
time it is conducting current. The back voltage across each tube is blocked off by means
of the auxiliary full-wave rectifier tube, T3 in
the diagram.
With this arrangement it is possible to get
a complete record of the performance of each
rectifier and to determine the exact point at
which overloading, due to limited filament
emission, begins. The power lost in the tube
can
also be computed, and the efficiency determined.
In taking the records, high sensitivity vibrator elements requiring about one milliampere per millimeter deflection, were used and
a 10-millimeter deflection was satisfactory
for most of the work. The current required, 10
mA., could not be disregarded in taking some
of the voltage readings, but the effect of this
current, for instance, the current flowing
through the vibrator V>, was eliminated by
making an extra exposure on the film, the
vibrator Vi being opened when V2 was being
read, and vice versa. Tubes Tu and Ti3 were
cx-301a's while T3 was a cx-380 rectifier tube.
In Fig. 2 the emission characteristics of the
cx-301a tubes used in the tests on this older
type of socket-power device are shown. The
tubes were prepared for service by an ageing
treatment so that the emission would remain
entirely steady during the taking of the film.
A voltage of 100 volts was applied to both
plate and grid, under which voltages the full
emission current of 40 to 60 milhamperes was
drawn over to these electrodes. Under this
very severe overload the emission dropped
slowly, and after the current had dropped
to 20 mA. the voltage was cut off and the
filament reactivated at 7.0 volts for a few
minutes. After a few cycles of this treatment
the emission remained steady for a long period
of operation at the high voltage.
The curves show that practically the full
emission current flows when a potential of 50
volts is supplied to the anode (that is, to the
grid and plate connected together as an anode)
and that there is very little increase as the
applied voltage is raised to 90 volts or above.
The dotted line gives some data for a cx-313
tube.
When a cx-313 was substituted for the two
CX-301A tubes in taking the record shown in

Fig. 1
(half-wave) rated at 110 mA., and 700 volts
a.c. The latter two tubes have been in production only a short time, and the data presented
in connection with them is subject to slight
modifications.
The circuit diagram of one of the early
types of rectifiers designed to use cx-301a
tubes, is shown in Fig. 1. This circuit diagram
also shows the placing of the oscillograph
vibrators used in testing the performance of
this unit as shown in the following figures.
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Fig. 2 the emission curve of one filament and
anode of this tube, shown by the dotted
line, (Fig. 2) should show no evidence of
saturation within the limits of the figure.
In the oscillograph record, Fig. 3, each figure
contains two separate records of the performance of the socket-power unit in question.
The records made by vibrators Vj and Vi,
labelled A in the figure, show in each case the
performance under a load current of 20 mA.
the normal maximum for this unit, while
curves b show the performance at 50 mA.
output. Referring to Fig. 3a, the upper record,
Vibrator V3, is that of the voltage developed across the secondary of the
transformer.
Oscillograph Records
THE voltage developed across the
tube is V2 when the current indicated by Vi is flowing. It can be noted
in the curves showing the current wave
form that the voltage rises rather rapidly as the current starts to flow, and
then less rapidly as it reaches higher
current values. This is partly due to
the fact that the resistance offered by
the tube to the flow of current decreases
as the current increases until the full
emission current flows, and partly to
the less rapid increase in instantaneous transformer voltage, near the peak
of the wave. The current does not begin to
flow at the instant the transformer voltage
increases,
lags about
40°,across
this lag
due to thebutvoltage
existing
the being
first
filter condenser. In this particular case the
voltage across the load was 108 volts, and the
voltage across the first filter condenser was
somewhat higher. At the instant the current
started to flow the transformer voltage was
approximately 120 volts, indicating that this
value of voltage existed across this condenser.
Current then flows for the next 100° of this
alternation, and at the time it ceases to flow
the transformer voltage is 145 volts, as a result
of the charging of the condensers. During the
remaining part of the alternation the rectifier
is idle.
The voltage across the tube just reached the
value required for full emission current, 50

volts, and the current was slightly higher than
was expected from the d.c. readings, above
50 mA. On the second alternation the current
reached a slightly higher value, 55 mA., but
because of the higher emission given by tube,
T13, the peak voltage drop was 43 volts.
Conditions indicated by record b on these
two vibrators were with maximum obtainable
load current, 50 mA., to obtain which the output terminals were shorted except for the
resistance of the vibrator.
The voltage across the tubes reached a
value -Time
close to the full transformer voltage,
-V 1-93.3 Volts/mm

in the tube, more power is available in the
output circuit and it is no longer necessary to
short the output terminals to obtain this current. The output voltage, in fact, reached 60
volts, the output current being practically the
same as before, 51 mA. As a result of this
increased load voltage the voltage across the
first filter condenser is increased, and the current no longer starts flowing as soon as the
transformer voltage begins to rise, although
it does carry current earlier in the cycle than
was the case with the lower load current.
The results are tabulated in Table I.
The curves shown in Figs. 4a to 4e,
record the performance of a half-wave
rectifier, the type used being cx-381.
The transformer potential, indicated by
vibrator V3 on each record, was maintained throughout at 750 volts a.c. The
load resistance was also kept constant
at 5000 ohms.
Half-Wave Rectifiers

Fig. 6
the peak with tube Tu being 160 volts, and
with T13 just under 150 volts. Practically all
of the energy delivered by the transformer, 16
watts exclusive of the filament energy, was
dissipated in the rectifier tubes, accounting
for the fact that the output terminals had to
be shorted to reach this current value.
At the conclusion of this test a single cx-313
was substituted for the two cx-301a's with
the following results. At 20 mA. the performance is practically identical with that obtained from the cx-301a tubes, but at 50
mA., the cx-313 has ample available emission
so that the saturation current is not reached,
the peak value rising to 115 mA. The voltage
drop across the tube is much smaller as a
result, the peak being 70 volts, as compared
with 160 and 150 volts, respectively, with the
cx-301a. tubes. Since less voltage is consumed
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JNallTHE
oscillograph
record, The
4a,
filterfirst
elements
are omitted.
peak current value was 140 mA., while
a d.c. meter in the load circuit, indicating the average current, gave a reading
of
47 mA.upon
Thus,to the
tube's momentarily,
filament was
called
supply,
three times the average load current.
This is an important fact, since the filament must be made large enough to supply the
emission current for the peak value. The ratio
between peak and average current will be
noted for each figure, in order to determine
the relative load imposed by each circuit upon
the tube's filament.
The second exposure, Fig. 4b, was taken
after adding a 4-mfd. condenser across the
load. The charging of this condenser permitted
a much larger current to flow through the
tube, because of the reduced load impedance
and the output current not only increased
greatly in value to 102 mA., but continued to
flow during the alternation when the rectifier
was idle. The back voltage developed across
this condenser reduced the time during which
the tube carried current, thus further increasing the peak current demand upon the tube
which, as indicated by V2, rose to the value
of 535 mA. The ratio of peak to average current was thus increased to f§| or 5.2:1.
In
in
series Fig.
with4c,thea 20-henry
load. Thechoke
effectwasof placed
the self
inductance of the choke in causing the current
to lag behind the voltage is quite evident on
this film, and it also caused a marked decrease
in the peak current to 70 mA., as well as in
the average current (26 mA.). The current
flowed for a longer portion of the cycle, however, and the ratio of peak tube current to
average load current was reduced to the more
favorable value of 2.8:1. A transient voltage
was developed at the moment the current
ceased to flow through the tube, caused by
the self-inductance of the choke.
In the next figure of the series, 4d, the usual
filter system was added, the performance being
similar to that obtained with a condenser
alone, except for the improved filtering of the
output current. The peak tube current was
practically the same as in 4b, 540 mA., the
output current 102 mA., a ratio of 5.3 to 1.
In the fifth figure, 4e, the usual input condenser was omitted, resulting in greatly reduced demand on the tube and also in a
marked reduction in output. The results are
similar to those of Fig. 4c. except that the
choke was smaller, 10 henries, and, therefore,
had a smaller effect in reducing both peak and
load current. The peak tube current was 130
mA., and output 45 mA., a ratio of 2.9:1.
The transient voltage which appeared in
Fig. 4 c was again present, and was sufficiently
severe to result in an appreciable ripple in the
output current.
This series shows quite clearly that omission
of the first filter condenser in a half-wave reo
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tifier circuit causes an undue drop in output
voltage, because of the reactive drop in the
choke, to compensate which the transformer voltage would have to be greatly increased. The filter action was also impaired.
The favorable factor was that this connection
did result in a much lower ratio of peak tube
current to average load current, reducing the
maximum required emission to a low
value. (See Table II)
Determining Efficiency
IN DETERMINING the overall
efficiency, the transformer, the
tube, and filter losses were included,
but the waspower supplied to the filament omitted because it remained
constant and if included would have
affected the readings taken with low
load current, 4c and 4e, dispropor- \
tionately. Tbe reduced efficiency in j
these two cases was caused by the j
fact that the internal resistance of
the tube rises rather rapidly at small
plate current values. Had the transformer voltage been increased to
maintain the load current at a higher
value, much higher efficiency woidd
have been obtained. It should be
noted that in Figs. 4a to 4c, the power
delivered to the load could not be
determined from the average reading
of output current and voltage because
of the performance of the full-wave
rectifier's
Fig. 5, irregular
shows thewavemoreform.
favorable
results obtained with a full-wave
rectifier tube in the same circuit combinations
covered in Fig. 4. The rectifier tube was a
cx-380, operating at 600 volts, or 300 volts
per anode.
In Fig. 5a, with a resistance load, the load
current flows during nearly the entire cycle
since current is flowing through one or the
other of the two tubes except at the time the
transformer voltage passes through zero.
The ratio of peak to average current is, therefore, reduced 50 per cent, as compared with
the half-wave rectifier, being 150 and 103
mA., respectively, a ratio of 1.4:1.
In Fig. 5b, the 4-mfd. condenser is added,
the increase in load current being much less
marked than with the half -wave circuit, rising
19 mA., to 122 mA. The peak current through
the tubes rises to 310 mA., ratio 2.4:1.
The next, Fig. 5c, shows the effect of the
choke placed in series with the load. In this
case it is interesting to note that the choke
has quite a different effect from the condenser,
since it reduces the peak current carried by
the tube while it also keeps current flowing
through one anode or the other during the
entire cycle. The ratio of peak to load current
is very low, 105 mA., to 97 mA., or 1.1:1.
Fig.rectifier
5d, shows
fullwave
withthetheperformance
usual filter.ofThethe ratio
of peak to average current is again high, 290
mA., to 118 mA., or 2.5:1.
Fig. 5e shows the performance with the
first filter condenser of Fig. 4 removed. The
peak current is now only 110 mA., or only 1.15
times larger than the average load current,
which is 96 mA. The output voltage was
only 45 volts, or 18 per cent, lower than that
obtained with the usual filter, Fig. 5d, the
readings being, Fig. 5d, 250 volts, Fig. 5e,
205 volts.
The various readings including, power output and efficiency, are tabulated in Table III
The ripple voltages present at the outputs
of the filter arrangements shown in Figs. 4
and 5 have not been measured, but a few tests
rndicated that there was not a marked difference, especially if the condenser omitted at the
input was added across the output of the
filter. The only disadvantage noted in using
the arrangement shown in Fig. 5 was the
fact that the transformer voltage had to be
increased 22 per cent, to obtain a load voltage
equal to that obtained with the usual filter.

The very
greatly
reduced
mand on the
rectifier
tubes peak
makes current
the use deof
this circuit arrangement highly desirable.
Furthermore, the efficiency improves rapidly
as the load current is increased, and with
equal current outputs it was found that the
energy dissipated in the tube was lower and
the efficiency slightly higher with the filter

100 125 150
ANODE VOLTAGE (E)
Fig. 7
arrangement shown in 5e than with that of
5d. The possibilities of this arrangement were
called to our attention by Mr. J. C. Warner of
the General Electric Research Laboratory,
and these tests have shown clearly the advantages obtained in the full-wave rectifier circuit,
Fig. 4, indicating that the arrangement is not
suitable for half-wave rectifiers.
Effect of Revised Filter Circuit
THE remarks made in discussing the lower
emission requirements with the revised
filter arrangements shown in Fig. 4e, might
lead the experimenter to believe that this

change would permit much higher load currents to be obtained from the rectifier. However, the amount of energy dissipated in the
tube must be considered, as that is one of the
important factors limiting the output obtainable from a rectifier. Fig. 6, shows a condition
which may occur if an excessive load is placed
on the tube, the tube used being a cx-381.
Vibrator 1 on this figure reads the
full voltage across the tube both in
the conducting and in the nonconducting direction. The transformer
voltage was 750 volts, and the peak
approximately 1050 volts. It will be
noted that the peak voltage across the
tube reached a much higher value,
1400 volts, due to the fact that the
voltage across the first filter condenser
is added to the voltage across the
tube. In the conducting direction the
voltage was quite low, as would be
expected, 185 volts. Vibrator V3,
shows the current through the tube,
which reached a peak value of 450
milliamperes. The load current is not
shown on the film, but it was 140 mA.,
an overload of 37 per cent, on this
type tube, a value which resulted in
excessive heating of the plate. As a
result of the heat developed by the
excessive current, the plate reached a
temperature at which a slight amount
of electron emission occurred which is
shown on an exaggerated scale by vibrator Vi. The average value of this
reversed current was 4.5 mA., and the
peak value 6.8 mA. The fact that during aportion of the cycle this emission
was drawn across to the filament at an instantaneous voltage of 1400 volts means that
considerable energy was dissipated on the
filament and the overheating of the filament
became evident in a visible increase in brightness in the center. The circuit arrangement
and placing of the vibrators in obtaining this
record are shown in the circuit diagram, the
double rectifier arranged in series with the
tube under test being necessary to separate
the two components of the current through
the rectifier tube. A small biasing voltage, not
shown in the diagram was added to prevent
a circulating current between these two rectifier tubes. In taking the voltage across the

Fig. 5
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slightly higher anode current than that obtained at 5 volts. The current was still increasing rapidly as the applied voltage was increased
to the maximum used, 250 volts d.c. The filament voltage of 6 volts is not of course the
normal operating voltage, and Curve 2 shows
the emission obtained at the rated voltage of 5
volts, the current reaching the high value of 800
mA. with 250 volts applied. Curve 3 shows the
performance at the reduced voltage of 4 volts.
Even at this voltage the current was still
increasing rapidly at 250 volts and was 620
mA. Curve 4 was taken with the filament
voltage reduced to 3 volts, and this curve
shows more definite evidence of saturation.
The emission current still reached the surprisingly high value of 270 mA.
The fact that the oxide-coated filament does
not give a definite saturation current is well
known, and Uas been pointed out by many
experimenters.
Performance curves of the cx-381 tube as
a half- and full-wave rectifier are shown in
Figs. 8a and 8b. In taking these data a large
transformer having good regulation was used.
The voltage was measured at the input to the
filter, hence in using these data, proper allowance must be made for transformer regulation
and for the IR drop in the chokes in estimat-

Load
Current
mA.

Load
Volts

20

108

0

50

0

lcx-313

5400

2051

lcx-313

1200

Line
Voltage

2cx-301a

Load
Resistance
Ohms.
5400

111)

108
60

ing the transformer voltage required to obtain
the desired voltage at the output terminals of
the filter in any given case. Fig. 8b also shows
in dotted lines the output voltage obtained
when the first filter condenser is omitted.
Similar data is shown for type cx-380 in
Figs. 8c and 8d. In these figures the latest
recommendations regarding transformer voltage and rectified current output are shown.
Maximum values for the cx-380 f- and cx-381
(Jan. 1, 1929) are:
Rectified output
Transformer voltage, per 125 mA.
350 volts
85 mA.
For type cx-381: Rectified output
Transformer voltage
700 volts
In using these plate
values the experimenter and
engineer should regard them as the limiting
values rather than as the average working
values, as has been done at times in the past.
If, for instance, it is anticipated that an over
voltage of 10 per cent., due perhaps to line
voltage fluctuations, will be encountered frequently inpractice, the working voltages and
currents should be reduced to such an extent
that the above values will not be exceeded
when the higher voltage is applied to the primary of the power transformer in the equipment in question.
Note: The chokes used were rated
at 10 henries, 300 in A. When used
with load currents up to 125 mA.
the inductance was approximately
20 henries. This difference in inductance values had only a minor
Remarks
effect on the results obtained.

Power
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toWatts.
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2.2
Max. filament
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Table II
Circuit
Connection
4a
4b
4c
4d
4e

Transformer
Input
Watts
43.
90.
19.5
90.
25.

Load
Volts
225
525
132
525
225

Load
Current
mA.
47
10226
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45

Peak
Tube . Output
Watts
Current
mA.
140
535
70
540
130

Summary of Fig.
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tube the vibrators recording the current
through the tube were opened, as the current
flowing through the voltage vibrator would
have otherwise added to the reversed current.
Similarly the voltage vibrator was open when
the current values were being recorded.
Since the heating through the tube would
be nearly as great with the improved type of
filter connection, it will probably not be possible to increase the current rating of this
tube to any extent when used under such
conditions, even though the maximum current required is much decreased.
In Fig. 7, an experimental emission curve
taken on one anode of a cx-380 tube is shown.
It is not possible to read the full emission current ofthe tube on a d.c. test without damaging the tube as is the case with all tubes in
which a large filament is used. In taking this
film, voltages up to 250 volts were applied
directly to the anode for a very short time at
the proper intervals by means of a synchronous contact mounted on the oscillograph
motor. In this way a current peak occurred
at the same instant each cycle and gave a deflection on the oscillograph vibrator at a fixed
point on the screen. In this way the amount
of energy dissipated in the tube was kept low,
and by calibrating the oscillograph vibrator
the current readings were determined. The curves taken showed
< »»
clearly the very satisfactory characteristics ofthe oxide-coated filament
developed for this tube. Curve 1
shows the performance with a filaRectifier
ment voltage of 6 volts, giving a
Tube

O250

OUTPUTRECTIFIER
OF CX-3S0CIRCUIT
IN
TYPICAL
Condenser Input

25.5
54.5
5.9
54.5
10.1

Ratio
ciency
Overall
Peak
Averageto
60+
59
Current
percent.
3:1
5.2:1
Effi1.5:1
30
5.3:1
60
40
2.9:1

U
110 a.c.
750 a.c.
10 Henries
4 mfd.
5000 Ohms.
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Circuit
,Connection
5c
5a
5b
5d
5e

We

Input
TransWatts
59
45.
former
57
38
38

volts
Load
219
258
276
204
215

Load
mA.
Current

Peak
Tube
Current
mA.

103
122
118

150
310
105
290
110

Output
Watts
23.6
21.2
33.5
20.8
33.1

97
Summary of Fig. 5
Circuit Conditions:
96
Line Volts
110 a.c.
Transformer Volts 600 a.c.
Filter Chokes
10 Henries
Filter Condensers 4 mfd.
Load Resistance 2350 ohms.
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Radio Broadcast's Home-Study
Fundamental

'"THERE
is a simple
that
must beexperiused
-1 veryment generally
if oneformula
isway
goingwith
to plan
in a quantitative
radioor circuits.
Its use need not involve any tedious mathematical
reductions, as the results of this formula have been
reduced to tabular form. The application of this
formula is so fundamental that every student of
the'
subject manner
should inhavewhich
a clear
the simple
it is understanding
derived. It is, inof
fact, the connecting link, so to speak, between two
very different electrical manifestations — the alternating current
the faint'
radio waves
thatthatfindlights
their our
way homes
to the and
antenna.
It is assumed that the reader is already possessed
of
an elementary
electricity
and inis
familiar
with the knowledge
fundamentalof units
involved
expressing such quantities, as voltage (E), current
(I), resistance (R), capacity (C), and inductance
(L). The last term is the only one that usually
presents any difficulty, but it will become clear as
the work proceeds.
Ohm's law, I = K,
=-, (See Home Study Sheet No.
3) expresses the relation of current, voltage, and

-Tuning
60-cycle 110-volt
supply
resistance in a direct-current circuit. The corresponding formula for an alternating-current circuit is:

in which f is the frequency of the alternations. Now
it requires scarcely an elementary knowledge of
algebra to see that if the two terms inclosed within
the brackets in the denominator can be made to
equal one another, their difference will be zero, and
the equation becomes.
E
VR2 + °
which isis Ohm's
When The
this essential
conditionpoint
existsto the
circuit
said to law.
be tuned.
be
observed is the fact that the denominator of the
equation will be a minimum, and therefore the
value of the current is maximum, only when
2irfL = 2xfc or wnen ^ 2x -y/LC.
An experimental application of this important
formula may be had readily if there are at hand one
or two coils wound with fine wire on iron cores —
the primary of an old high-ratio audio transformer,
for example — and some condensers, such as are
used as part of filters or by-pass equipment. Connect a ten- or fifteen-watt lamp to the 110-volt
alternating-current house supply in series with a
coil and a condenser, as indicated in Fig. 1. When
approximately the proper values for L and C for a
60-cycle current are secured, it will be found that
when the condenser is short-circuited the lamp will
burn less brightly, thus indicating that less current
is flowing. To arrive at appropriate values of L and
C for striking results, it may be necessary to use two
coils in series, or two condensers in parallel, all depending on the equipment at hand. But the experiment is quite worth while, particularly to one
whose experience has been largely with direct current, as it demonstrates so clearly that a condenser,
which is a non-conductor in the case of direct current, isnot only a conductor for alternating current,
but may actually increase the flow of current.
To apply our formula to this experiment, let it
be supposed that a 1-mfd. filter condenser is used.
This
of a farad,
is the primary
unit. isA one-millionth
simple calculation
will which
then show
that for
the usual frequency of 60 cycles per second an inductance of approximately 7 henries will be reed to tune the circuit to produce the maximum
current quirflow.
No matter how different it may seem, radio is
simply a manifestation of an alternating current of
high frequency, the difference being purely one of
degree and not of kind.
The velocity at which a disturbance, say sound or
light, travels depends on the medium through which
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it is transmitted. Thus, sound has one velocity in
water (about 4900 feet per second) and another in
air (about 1100 feet per second), but for either
medium the velocity of all sounds is equal. That is,
a note from the upper end of a piano will reach a
distant observer as soon as one from the lower end.
As both light
radiomedium
are dependent
their transmis ion on theandsame
called thefor ether,
they,
in accordance
with
all
other
observed
phenomena, travel at the same velocity. Thiswave
velocity,
is approximately 300,000,000 meters a second.
As the velocity of propagation is constant, and
as this velocity is equal to the length of one wave
multiplied by the number of waves per second, or
the frequency, f, it necessarily follows that f =
300,000,000
. . = 2lt
i r and ....
d t = I,z-r; , waveleugth
wavelength 2x -y/LC
^CL X 300,000,000 or if microhenries and microfarads are used wavelength = 1884 -\/LC frequency in kc. = 159.2.
^/lq
These relations have been worked out for a great
many wavelengths, and a few are presented in the
following table. Its value to the experimenter will
be evident. With a given coil and condenser, it is
only necessary to multiply the inductance of one
by the capacity of the other, to find the wavelength
to which they will respond. If a condenser of a certain
capacity is at hand, a simple division will tell us
what the inductance must be to tune to a given
wavelength. As the experimenter begins to get his
laboratory
will capacities
soon find himself
determining the together,
inductanceshe and
of his various
coils and condensers, and, with the table at hand,
he may always keep informed as to the wavelength
or frequency of the current he is handling.
f
L X C
Meters
100
0.00282
3,000,000
0.01126
200
1,500,000
0
1,000,000
500
400
0 .. 0253
0450
750,000
300
0.0704
600,000
0.1013
0.1379
500,000
700
600
429,000
0 . 1801
800
375,000
333,000
0.228
1000
900
300,000
0.282
The experimenter will find a complete table of
L C products in Principles Underlying Radio
Communication, the Signal Corps book, and he
should either get such a table or work out one for
himself. The following rule will be helpful: For
smaller values, divide meters by 10 and Lx C by 100 ;
for larger values, multiply meters by 10 and LxC
by 100.
Mechanial Analogies
The following mechanical analogy may aid in
giving avolved.little
clearerL, view
phenomenaon the
inThe weight,
in Fig.of 2theis mounted
upper end of an arm, the lower end of which is
pivoted at the floor. A spring, C, is connected to the
weight and to a rigid support, and is of such a length
that the weight stands directly over the pivot when
the spring is neither compressed nor extended.
If the weight is pulled to one side and released it will
vibrate back and forth at a certain definite frequency, depending on the size of the weight and the
nature of the spring. The same frequency can be
obtained by making the weight heavier and shortening theeningspring,
the spring.or by reducing the weight and lengthIn the above example the frequency depends on
the product of two factors, and this is precisely the
case in radio oscillations. We can continue to tune
to a certain wavelength by increasing the inductance
and reducing the capacity, or vice versa.
The spring is a rather apt analogy for a condenser,
for the reason that when the latter is charged, the
electrons are supposed to be displaced from their
normal positions, to which they rebound when the
condenser is discharged. Similarly appropriate is
weight or mass in representing inductance, which
may be considered as electrical inertia. Just as mass
tends to retard the beginning of motion and to continuedrawthen, somotion
whenopposes
the applied
is with-of
inductance
a suddenforceincrease
currentlogyafter
the
applied
voltage
ceases.
The
may be carried further by considering anathe
resistance of the air on the weight as corresponding
to electrical resistance. Let it be supposed that the
springair and
were set upandin athat
rooma from
which
the
has weight
been exhausted,
fine thread
attached to the weight is intermittently pulled
exactly in tune with the natural period of oscillation.
After a little time the oscillations will become very
violent, and if the spring were of highly elastic
• april, 1929
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material, it is quite possible that the repetition of
a very minute force would finally break it. In other
words, the internal forces generated within the
spring
many what
times occurs
exceedin the
applied
force,
and thismay
is exactly
a tuned
electrical
circuit when the resistance is greatly reduced, the
voltage across the condenser being many times the
impressed
Hence a ithigh
is thatvoltage
often will
a condenser tested voltage.
to withstand
break
down in a resonant circuit, although no high voltage
was outwardly applied.
across
a coil but,
in a asresonant
circuitbeenis
2 TCThef L voltage
times the
current,
has already
pointed out, the current in a tuned circuit is in
consequence of which the voltage across the coil
will be Jt\ That is, under given conditions, the
voltage developed across the coil will be greater as
the ratio 5 is increased. In other words, the desirable thing
in a radio
coil is to secure the most inductance per ohm
of resistance.
Another point in the analogy may be mentioned.
The ability of a minute force to generate oscillations
in the weight and spring would obviously disappear
if the resistance were greatly increased by immersing
the system in water or molasses, for example. As
the resistance of an electrical circuit is increased,
not only
will variations
the amplitude
oscillations
diminish, but the
due ofto the
moderate
changes
on
the frequency of the applied force will become less
and less. In other words, with increasing resistance
the system
trical circuits.loses its selectivity, precisely as in elecOur analogy also illustrates a point that puzzles
many beginners, and that is how the current in a
condenser can be said to be 90°, that is one-quarter
cycle, out of phase with the voltage (see "Home
Study
be observed
that
when theSheets
weightNo. is 7atandthe 8").
pointItofwillmaximum
velocity,
that is at the midpoint of its path, the spring is idle,
that is, it is neither extended nor compressed. And
when the weight is completely at rest at either end
of its path, the spring is at that moment under its
greatest stress. Similarly, when the current is at
its greatest value, the condenser is at the instant of
changing from one polarity to the other and so has
no voltage, but when the current has just ceased
flowing in, the electrons in the dielectric are under
their greatest stress, so that when there is no current
flowing the voltage is a maximum.
Finally, it may be pointed out, the action of the
weight and spring exemplifies what is referred to in
radio as damping. Suppose the weight was quite
heavy and t he spring rather short. If the weight were
given tinue
an forinitial
impulsethough
the oscillations
would consome time,
gradually diminishing
in amplitude. Now suppose the weight were made

Fig. 2 — Mechanical analogy of an
oscillating current
very light and the spring lengthened considerably
so that the frequency remained the same. Then the
air resistance would increase in importance and
the oscillations would die out very quickly. The
corresponding
change in and
a radio
circuitthewould
be to
reduce the inductance
increase
capacity,
the resistance remaining constant, and when this
is done an oscillation once started is quickly
damped.
To rentrecapitulate:
We have
learned
that the value
curin a radio circuit
reaches
its greatest
when the wavelength equals 1884 |/LC.
That this fact is readily derivable from the fundamental equation for alternating-current circuits.
That when this condition exists, Ohm's law is
applicable
the circuit.
That the tovoltage
across the coil or condenser in a
resonant circuit may very greatly exceed the apThatpliedthevoltage.
most efficient radio coil is that which has
the greatest inductance per ohm resistance.
That the sharpness of tuning increases as the
resistance is reduced.
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Radio Broadcast' 's Home-Study
Inductance

Sheets

Standards

THE applications of the principles in "HomeStudyan interesting
Sheet No. field
19" for
are experiment,
far-reaching butandbefore
will
afford
this may be undertaken, certain standards must be
acquired, as one cannot measure without some sort
of a yardstick. This will, however, require many
hours at the workbench, but before rolling up our
sleeves, it would be well to dispose of the inductance
standards, for the reason that for the value of these
we are dependent on calculation.
Function of Inductance
The inductance of a coil has the same function
in regard to the motion of the electrons that
constitute
electricofcurrent,
as weight
has in the
regard to theanmotion
a material
body. When
current is uniform, as in the case of direct current,
inductance has no effect, just as the mass of a body
is without effect in a mechanical motion of constant
velocity. On the other hand, any change in the
strength of an electric current, whether it be an
increase or decrease, is opposed by inductance, and,
as radio currents are continually changing with
extreme rapidity from a maximum strength in one
direction to a maximum in the other, inductance
becomes
a very
important
A circuit
is said
to haveitem.
an inductance of one
henry when a current changing at the rate of one
ampere per second induces therein an e.m.f. of one
volt. In such a coil, there being no iron core, a
current variation of two amperes would induce an
e.m.f. of two volts. Inductance may therefore be
considered as the ratio of the e.m.f. induced to
current variation per second. The reason for this
e.m.f. lies in the fundamental fact that a conductor
has a voltage induced in it when it cuts the lines of
force of a magnetic field. When the current isstarted

Fig.
1 — Demonstrating the
counter direction of the e.m.f. of
self-induction.
in a coil the magnetic lines radiate outward from the
center, thus cutting the turns of wire and inducing
thereintion, anthat ite.m.f.,
is always
in suchcurrent
a direc-in
tends which
to delay
the applied
reaching its maximum value. Similarly, when the
applied current ceases, the magnetic lines collapse
towards the center, inducing an e.m.f. which now
tends to maintain the current flow in the coil. By
coiling a length of wire, the resulting magnetic
field will be concentrated into a smaller space and,
as a consequence,
this which
counterdepends
e.m.f. onincreases.
Inductance isa property
the number
of turns, size, and shape of a coil.
Laboratory Demonstrations
Tha counter direction of the induced current
may be demonstrated by connecting up a coil,
galvanometer,
or compass
dry-cellis battery
illustrated in Fig.
1. When and
the switch
closed theas
current will flow as indicated by the arrows in the
diagram on the left. If the galvanometer needle is now
restored to the zero point and held there with a pin
or small weight, it will be deflected in the reverse
direction when the switch is opened. This indicates a
reversal of current through the galvanometer, and
demonstrates
important
the current
duced in the coilthe after
breakingfact thethatcircuit
passed in-in
the same direction through the coil as did the battery
current. Obviously the reverse must have been the
case when the connection was first made, as the
magneticlapsinglines
proceeded
outward instead of colthe
center.
That the toward
direction
of a current induced when a
circui t is closed is opposite to that induced when the
circuit is opened may be demonstrated easily by
connecting up an audio transformer to a galvanoin Fig.will2.
When meter
theand dry-cell
circuit isbattery
closed astheillustrated
galvanometer
show a brief deflection, returning to zero when the
primary current has reached its full value. When the
circuit posite
is opened,
the deflection
be inafter
the opdirection, again
returning will
to zero
the
magnetic field has completely disappeared.
Inductance formulas have been developed for
coils of a great many forms, but as our present
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Fig. 2 — Closing and opening the
circuit induces two opposite
currents
purpose is to acquire certain suitable standards,
attention lindrical
willform called
be confined
to the The
single-layer
cythe solenoid.
inductance
of any coil of more complex winding may then be
determined by comparison.
Coil Formulas
For a single-layer winding the Bureau of Standardsfigives
following
formula. The
signi-3.
cance ofthetheterms
a and simple
b are illustrated
in Fig.
N isingthe
number
of
turns
and
K
is
a
factor
dependon the ratio of diameter to length, and is given
in Table I.
0.03948a2N2K microhenries

length
plus one turn, or the number of complete
turns
that ismultiplied
b-N X D by the distance between the turns,
For an inductance standard based on computation itis usually best to have the coil long rather
than short, although the inductance will not be
quite so great. The reason for this is that the
formula may be applied more accurately, and the
distributed capacity will not be as large. For this
latter reason also, the coil should not be coated with
anyUsually
liquid the
preparation.
experimenter will have on hand one
or more single-layer coils, and by applying the formula to thesetermined.their
be readilyuntil
deThese willinductance
then servemay
as standards
one's
requirements
become
known
more
definitely
through further experiment.
Accuracy
It must be borne in mind that the accuracy of the
determination cannot be greater than that with
which the physical measurements of the coil are
taken, and among these the diameter will probably
present the greatest trouble, particularly if the
tube is not truly cylindrical. Under these conditions
it is a good plan to wrap a strip of smooth thin
paperlap. tightly
aroundpoint
the tube
A sharp knife
shoulduntilthenthebeends
madeover-to
pierce the two overlapping ends, after which the
strip
may bemade
laid may
flat and
the distanceaccurately.
between the
two marks
be measured
By
repeating the process after the tube is wound, the
outside circumference may be determined, and then
by taking
meter mayanbe average
computed.of the two, the required dia-

All dimensions are in centimeters, and while they
may be made in inches by changing the formula to
1.0028 a2N2K microhenries
such a change is not advised for the reason that the
metric system is now used so generally in scientific
work that the experimenter should aim to acquire
some familiarity with it. If a centimeter scale is
available, it is just as easy to measure in centimeters
as in inches, and in any subsequent computations,
there will be less chance of error in handling the
decimals
of the ofmetric
system than with the awkward fractions
the inch.
In planning a coil for a standard, procure a tube
of durable material, as near a perfect cylinder as
possible, two or three inches in diameter and about
twice as long. Apply one layer of number 18 d.c.c.
wire. If a winding jig is not available, attach one
end of the wire securely to the wall and stretch it
out full length, removing all kinks and bends by
pulling
it lightly
a towel
held into thethehands.
When the
free endthrough
has been
fastened
tube,
the process of winding may be accomplished quickly
by turning the tube with the hands, always keeping
the wire under tension. Before beginning the winding, ends
however,of provide
for securing
the two
the wire suitable
in place. means
A satisfactory
way
of doing this is to bore two small holes in the tube
for each end and to pass the wire through in the
manner indicated in Fig. 4. Place these holes so
that the winding will have a whole number of turns
— no fractions. If binding posts are desired, they
should be very small, as large ones will add to the
distributed capacity of the coil.

Fig. 4 — Securing the end of the
wire

Measuring Coils
In counting the turns, be careful not to start
counting until after the completion of the first turn
is reached. Care must also be exercised in determining the length b, which, it will be noted in Fig. 3, is
not the exact physical length of the coil but the

It is sometimes Spaced
desirable Turns
to reduce the distributed
capacity to a minimum by using a spaced winding,
which may be accomplished by cutting a shallow
thread tween
on the the
cylinder
or by degree
windingof aaccuracy
string be-is
turns.
If a high
desired in the computation of the inductance of a
spaced winding, a slight correction may be made
for the spacing by adjusting the value calculated
by the formula given above by an amount equal to
— .01257Na (A + B) the proper values of A and B
are given on page 284 of the Bureau of Standards
Circular
urements.Number 74, Radio Instruments and Measplanningto calculate
a coil, thetheexperimenter
will now
in aInposition
inductance quite
closelybe
in advance. If the wire is already at hand, estimate
the total number of turns by counting the number
that can be wound on one inch of the length of a
lead pencil. If the size of wire has been determined,
the number of turns that will go into a certain space
may
be estimated
by referring
table.
Estimates
obtained from
wire tablesto area wire
necessarily
approximate as there are slight variations in the
specified sizes of bare wire and in the thickness of
the insulation, and further differences may result
according
wound. to the tension under which the wire is

Fig. 3 — Essential
sions coil dimen-

Conclusion
Before leaving the present subject, the reader
should be impressed with the necessity of maintaining a laboratory
notebook in inwhich
to enter
his calculations and observations
a clear
and orderly
manner.come evident:
As theonework
proceeds,
two
facts
will
will frequently have occasion be-to
refer to some earlier record, and that memory cannot be trusted to retain experimental data.
Table I— Values of K
K
Diameter
Diameter
length
length
0.7609
0.9
0.7
0.8351
0.8
0 . 9588
0.7710
0.9201
0 . 8838
8499
2.0
0 6884
1.0
1.5
0.8181
00.5950
. 5255
0 7885
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one. The piano and violin strings tuned
set withoututselectivity ,is
RADIOa ship
A like
to the same note are in resonance. If the
witho a rudder
500
buffetted by every wind, and
piano note is sounded, the sound waves
will travel through the air and start the
heeding the strongest wave and current.
violin string vibrating and emitting
Some sets are selective — some are not;
and broadcast transmitters and guileless
sound. The pendulum of a clock oscilamateurs are reviled alike. There is
lates back and forth at a definite frewailing and gnashing of teeth because
quency. Thefrequency.
pendulum system is resonant to that
of the radio engineers' ible,
inability to bring
Sometimes a road has small ripples
about the near imposs
and all beat regular intervals. If an automobile is
cause most of us do not quite underdriven at the proper speed over these
" really means.
tivity
what
stand
"selec
Imagine the conglomerate mess of
little ripples, the car will begin to surge
up and down with greatly increasing
the radiated energy of all the broadcastmovement. If the car be driven faster,
ing stations on earth, all of the commercial transmitters, all of the amateurs,
the springs take up the movement of
and all of the natural and man-made
the wheels and the chassis stays almost still. Driving slower allows the
static, swirling, fading, crossing and recrossing the bare wire of your antenna,
car slowly to follow up and down the
each inducing a voltage therein. You
ripples without any great movement.
sit down below, more or less patiently
But at some particular speed, the
attempting to hear the beautiful strains
weight of the car and the elasticity of
of thesand"Serenade"
a thouthe springs are "resonant" at the fremiles away, alloriginating
uninterrupted
and
the ripples
of the results.
road surface andquencya of terrific
movement
unimpeded by the myriad of unwanted
Obviously the bigger the ripples, the
impulses in your antenna. The selectivity isthat property of your receiver
greater will be the car movement. This
which makes for order out of this
is equivalent to increasing the force
chaos.
applied. The nearer the car runs at
As we are interested in the usual
the "resonant" speed, the greater will
broadcast reception, we need to conbe
there is
area "snubsider only a comparatively small range
bers"the onmovement.
the car orIf there
lot of
ooooooooooooooooooooooooooo
resistance
to
the
motion,
the
amplitude
of the frequencies in the whole specrsCO
Ol
O
rn
C\|CO
^
in
ID
N
OD
O
—
tC-^rQ
<J
iniO
N
O)
Ol
0~.<\ifri
mmtfiuJioioiDiDUJvoioioyJNNrsfsfNNsNsr^cOQOcoto
trum, that is the band between 550 kc.
will not be so great.
FREQUENCY IN KILOCYCLES
Electrical circuits exhibit the same
and 1500 kc. Stations broadcasting in
sort
of resonance to electrical forces as
this range
are known by
their " carrier,"
Fig. 1 — A powerful local broadcasting station
i.e.,
the fundamental
frequency
of their
the mechanical systems show. The conoften
presents
a
peculiar
selectivity
problem.
radiation. Due to the frequencies
densers in the circuit correspond to
In the case illustrated above, it is impossible
needed on either side of the carrier
the elasticity of the springs while the
to receive stations between 650 kc. and 750 kc.
for proper transmission, each carrier
inductance corresponds to the mass of
without interference from the powerful local
the car. Therefore it follows that a
is spaced 10 kc. apart. Thus there
similar relation is obtained between the
is room for only 96 stations in the
allotted broadcast-frequency range. In the signal of 100 microvolts per meter acting on a force and resistance in electrical circuits as
new allocation plan, various stations either four-meter antenna will produce an input in mechanical systems.
voltage to the set of 400 millionths of a volt.
divide time or are located geographically
Before making use of this relation of field
so that they can use the same frequency
Electrical Equivalent
without interference. For our purpose we can, strength, a brief view of the nature of selectivtherefore, consider that there are only 96
ity is necessary. Fundamentally, selectivity THIS may be illustrated in curve a of
.stations, one on each 10-kc. band of the broad- means a greater response to one frequency
Fig. 2 where the height of the curve at
cast range.
than to any other. This leads to the idea of any particular point represents the current
resonance. If a circuit or system is quite flowing in the circuit at the frequency applied,
In explaining the mechanism of transmisresponsive to some one frequency, it is said to the voltage remaining constant. It is obvious
sion,
use
is
made
of
the
"side-band
theory"
which says that in addition to the carrier be resonant to that frequency. Forms of that this circuit has the property of "selecfrequencies, a broadcasting station radiates
mechanical resonance are familiar to everytivity" and givesfrequency.
the greatest
response
at
some particular
Usually
a single
additional frequencies corresponding to the
circuit does not have sufficient selectivity and
audio tones. If, as is approximately true, the
two or more such resonant circuits are needed.
frequency distribution and percentage modulation asbased on these side bands is the same
The amplification might be adjusted to give
This article by Mr. Jarvis, a memthe same maximum current in the last
for all stations, we can neglect the side waves
ber of the engineering staff of the Crosresonant circuit and then the system would
and consider only the relations of the various
ley Radio Corporation, attempts to
have a curve like b, of Fig. 1.
carrier frequencies.
interpret the real meaning of selectivHaving obtained some idea of why a reity
in
the
light
of
our
present-day
receiver isselective, a little different viewpoint
What is Selectivity?
ception problems. How much selectivity
is now necessary. A receiver should be
is
desirable,
what
compromises
in
set
OBVIOUSLY, we are interested in selectsufficiently selective just not to hear any indesign must be made to attain optimum
terfering station. Obviously this depends on
ing the energy of some one carrier freselectivity
at
reasonable
cost,
and
how
quency out of all the number present at the
the strength and frequency of this would-be
the problem is solved in the design of
interfering station. Therefore, the usual
antenna. The strength of the signal (or carselectivity curve is drawn as in Fig. 3. Here
rier) at the antenna will influence the degree
present-day sets — all this Mr. Jarvis
of selectivity. This strength is measured in
the height represents the field strength in
covers. To dealers, attempting to
microvolts per meter necessary to apply to the
microvolts (million ths of a volt). The bigger
answer
customer-questions
this
analyreceiver an output just loud enough to be
the antenna, the more microvolts it will pick
sis should be useful as well as to many
heard.
The receiver is tuned to 1000 kc. and
up. The field strength of the signal is, thereothers of our readers desiring to follow
fore, rated in microvolts per meter, and the
obviously
it takes less voltage to hear an outa general investigation
of the
subject.
field strength, multiplied by the effective
— The
Editor.
put at this frequency, only 2 microvolts. At
10 kilocycles off resonance, the input would
height of the antenna in meters, gives the
actual voltage induced in the antenna. Thus a
have to be 3.5 microvolts, while at 20 kiloapril, 1929
. page 399
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cycles oiF resonance, the input must be about
10 microvolts, or five times as much as at
resonance.
In Fig. 4 is shown the field strength pattern
at a particular antenna, where the heights of
the lines represent the amplitudes of the
"carriers" on each channel frequency. The
wavy shaded portion represents the "static
level," or
voltages
in the
antenna
due the
to static
and introduced
unwanted noise.
This graph also contains the curve of Fig. 3
(curve a). The stations heard will be the one
at 1000 kc, at which the set is tuned, and also
the station on the adjacent channel, 1010 kc.
The relative strengths of the signals will be
about in proportion to the height of the fieldstrength lines above the selectivity curve. Thus
the station on 1000 kc. will be about 4 times
as loud as that at 1010 kc. The field strength
of the station at 980 kc. is even greater than
that at 1000 kc, but due to the selectivity of
the circuit it cannot even be heard. The
station at 990 kc. could never be heard with
this set even if it were tuned right on 990 kc.
A more sensitive set would be necessary, and
even then the reception might not be good,
due to the static and interfering signals.
Now assume that the receiver used had
poorer selectivity as shown in Fig. 5. (Hereafter only the superimposed diagrams are
given.) It is apparent that three stations are
heard at once quite strongly and a fourth, at
1020 kilocycles, can just barely be heard. A
simple way to visualize this is to imagine the
selectivity curve, such as in Fig. 3, is cut
down into a sheet of cardboard, and then laid
over top of the field strength picture. Sliding
this cardboard horizontally along the frequency scale corresponds to tuning the receiver, and the stations you can see projecting
up above the slot in the cardboard are those
which you will hear. If you cut out such a
cardboard cover having the selectivity curve
shown in Fig. 1, and slide it back and forth
as suggested, you will see that it will be impos ibleterference
to get fromany
station
without
someoneother
station.
This in-is
too often true with many radio receivers.
Effect of Tuning
A VIEW of the selectivity field strength
charts will show a well-known fact.
Detuning the receiver will reduce the output, and therefore, this method is often
used to control the volume of a set. There are
several objections to this practice. The resonance response to some interfering frequency
is increased greatly, thus decreasing the
selectivity and increasing the noise. In addition this detuning invariably changes the
quality of reception. The receiver should be
tuned directly on the station desired and the
output regulated with the volume control.
There are many other peculiar cases of
selectivity, some of which are illustrated here.

IB

LOW FREQUENCY RESONANCE H,GH frequency
Fig. 2 — Selectivity is improved by
connecting two or more resonant
circuits in series. Curve A shows the
selectivity of a single circuit, curve
? of a series of circuits

Take as an example the case of a strong local
station. Such a station may have a field
strength of as much as 10,000 microvolts,
per meter, which is far beyond the range of
the cross-section sheets used here. For illustration, take the curve of Fig. 1. Notice that
the horizontal scale of frequencies is smaller
than before. The selectivity is the same as in
Fig. 5. Assuming we are using the cardboard
covers again, they must be placed in the
positions shown in order to avoid hearing
the strong local station. This means that no
station between 650 and 750 kc. can be
heard without interference from the local.
It may be that before the local station
raised its power, the radio set could satisfactorily receive the station on 720 kc. Therefore,
when such reception can no longer be obtained, the local transmitter is blamed. The
transmitter is "broad" and it "spreads all
over
many are
the crime
protestsof
againstthethedial"
design.andHowever,
the only
which the station can be accused rightfully is
that of attempting to increase its service area
and providing the benefits of static-free
reception to a greater number. Investigation
of such complaints has shown almost always
that they have originated with the owners of
obsolete receivers, at least from the selectivity
standpoint. As bigger and better transmitters
are built, receiver design must necessarily
conform. It is unfortunate that advancement
in radio service must render obsolete the
inefficient type of receiver and act to the
200

II
950 960I 970I 980I 990I 1000I 1010I 1020I1030 1040 1050
FREQUENCY IN KILOCYCLES
Fig. 3 — The selectivity characteristic of a receiver is usually drawn in
the manner indicated in the above
graph
detriment
of
its
owners,
but it's the same old
story of serving the majority.
Having thus shown that the lack of selectivity isinherent in the receiver, a closer study
of receiver selectivity is justified. And
it is at this point that the meaning of the subject of this paper will become apparent. To
an engineer, selectivity is represented by the
curve shape, and the ratio of the signal field
strength needed at any frequency to that needed
at resonance to produce an audible signal. This
is a very real thing, expressible in numbers,
and is a factor which can be calculated as a
ratio. To the user, the selectivity of a receiver isapparently the way in which stations
can be separated. The relation can best be
shown by the use of our cardboard covers and
a field-strength diagram. This is shown in
Fig. 6.
The selectivity curves of two sets, a and b,
are drawn. The real selectivity of the two sets
is exactly the same. For simplicity, the field
strengths of five adjacent stations are shown
having equal amplitude. By sliding the cover
marked a, it is obvious that any one station,
to the exclusion of all others, may be selected.
By sliding b along the frequency scale, it is
apparent that at least, three stations will
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FREQUENCY IN KILOCYCLES
Fig. 4 — In this graph the selectivity
curve (Fig. 3) is superimposed over
the field-strength pattern at a particular antenna. Vertical lines indicate amplitudes of carriers and
shaded area indicates the "static
be heard at all times! The difference between ■
real selectivity and apparent selectivity is
quite clear!
Selectivity vs. Sensitivity
level"
PROPERLY understood, this fact is no
detriment. By backing off the volume
control on the more sensitive set until the two
sets have equal sensitivity, the apparent
selectivity will be equal. In general it may be
said that the greater the sensitivity of a radio
receiver, the less will be the apparent selectivity.
(Notice that this does not say that the set
having the least apparent selectivity will be
the most sensitive.) In demonstrating a very
sensitive receiver, a salesman will often turn
the volume control full on, showing how
many stations can be received. While not saying "Yes, all at once," the prospective customer may react against the set due to the apparent lack of selectivity. It is so simple to
reduce the volume control and thus increase
the apparent
all thisoperators
discussion seems out selectivity
of place. Yetthat
so many
of good radio receivers will unhesitatingly
blame the poor selectivity of his receiver upon
conditions entirely irrevelant, when a proper
consideration of the true factors will clear up
a lot of trouble. Ask any radio dealer how
much trouble has been caused and how many
radio sets have "suddenly gone wrong" due
to a change in power, frequency, or location
of the customary vendor of entertainment.
Before leaving this point, it is well to drop a
word of warning to any prospective purchasers. In the demonstrations of selectivity make
sure the fine apparent selectivity of a set is due to
the real selectivity of the circuits and not due to
simply a lack of sensitivity.
The selectivity of a receiver depends on the
size of the coils and condensers, the resistance,
circuittors. coupling,
manyfromother
As the set isand
tuned
one circuit
end of facthe
broadcast-frequency range by changing the
condensers or the inductance of the coils, the
real selectivity changes.
Fig. 7 shows three selectivity curves taken
on the same receiver. (The sensitivity in each
case was adjusted to interference output with
two microvolts per meter input.) The selectivity at 550 kc. is quite good, while that at
1500 kc. is poor. This means that instead of
having a constant selectivity, and thus a
cardboard shield of constant shape, the gap
up gradually as the set is tuned to
amust
high open
frequency.
As the usual receiver varies greatly in
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FREQUENCY IN KILOCYCLES
Fig. 5 — The selectivity curve of Fig.
2A superimposed over the fieldstrength pattern of Fig. 4. Note that
the signals of four stations are
heard at once due to the poor
selectivity of the circuit
sensitivity in different parts of the frequency
range, and as the real selectivity (as per Fig.
7) also varies greatly, the apparent selectivity
is quite a complicated result. This elementary
discussion should help considerably, however,
in understanding the action of the receiver.

who doesn't care to know why, such interference isMost
charged
the receiver's
selectivity.
radioagainst
users know
that the
selectivity of a receiver enables them to
eliminate those signals they do not want,
and they automatically class those cases of
station interference against the receiver also.
Another type of station interference which
occurs in some receivers is that obtained due
to modulation in the receiver. Two signals
may be heard at once, but only when tuned to
either one of the stations. The signals of the
two stations "modulate" each other in the r.f.
end of the set and both modulation frequencies are superimposed on each carrier frequency.such
Obviously
"selectivity"
do nothing to help
cases.
Fortunatelycansuch
cases
are rare as they occur only when the volume
control is in the audio end of the set, or where
extremely strong signals are impressed on an
untuned
input.
This kind
of "cross
can
best be
eliminated
by using
a wave talk"
trap
tuned to one of the two stations interfering.
This may be an important point in selectivity
500

Other Considerations
THE real and apparent selectivity so far
have been considered only on the electrical basis on which they operate. To the
user of a particular set, there are mechanical
factors contributing to the apparent selectivity almost as important as the electrical
characteristics. A large frequency-control
knob tends to make tuning easier and increases the apparent selectivity. The vernier
drive and the large illuminated drum dials
are contributors to the same idea. To the
operator, atwhohiscannot
"see" the
the selectivity
field strengthis
pattern
antenna,
estimated by the dial movement necessary to
eliminate any particular station. This basis
for judging selectivity is as inaccurate as it is
common.
The range
"results"
obtained
the
frequency
covered
by thedepend
entire upon
dial
movement and the rate of frequency change
at any operating point. Assume two sets,
both having a dial movement of half way
around, one tuning from 540 kc. to 1520 kc,
and the other tuning from 570 kc. to 1350 kc.
It is evident that the apparent selectivity
would be greater on the first set as a given
movement would shift the resonance frequency faster.
The shape of the condenser blades greatly
influences the apparent selectivity. If the
blades are semi-circular, a given angular rotation will cause a greater change in resonance
frequency at the high frequencies than at the
low frequencies. This results (as based on dial
movement) in the apparent selectivity being
greater at high frequencies, and thereby
(to real
the user's
mind) compensates
in
selectivity
as indicated the
in decrease
Fig. 7.
If the condenser blades are shaped so as to
give uniform change in frequency with uniform rotation (so called straight-linefrequency type) the apparent selectivity will
be the same as the real selectivity.
One more factor is responsible for a huge
misunderstanding in judging the sensitivity
of a radio receiver. That is distribution of the
broadcasting stations themselves. The new
allocation has placed a great number of small
stations on the same, or closely adjacent
bands. A sensitive receiver will pick up a
great many of these stations, and owing to
their proximity, several stations may be
heard at once. Such stations are usually so
close together that they interfere or "beat"
with each other and produce a strong continuous audio note. This note is not due to the
modulation of either station, but is the
"beat" of the two carriers. Such interference
is quite common and is usually understood
by those who have a technical knowledge of
the reasons why, but to a novice or to one

FREQUENCY IN 'KILOCYCLES '
Fig. 6 — The real selectivity of the
two curves above is exactly the
same, but the apparent selectivity
of A is much greater
demonstrations and the real selectivity impaired because of this fact.
Conclusions
WHAT conclusions of value to the set
user may be drawn from the above discussion? First, and probably the most important, isthe fact that the apparent selectivity can be increased greatly by decreasing
the sensitivity of the receiver, and then tuning accurately on to the frequency of the station desired. Try it. You will be surprised at
the big improvement in selectivity when the
volume control is reduced just enough to
eliminate the undesired station.
Another valuable conclusion is in regard to
the size of the antenna. With higher-powered
transmitters rapidly coming on the air and
"interference" reports on the increase, it is
standard practice for the radio editors and
engineers
say this
"Useaccomplishes
a smaller the
antenna."
It is obviousto that
result.
In Fig. 6, the apparent selectivity of set b
will increase just as much by reducing the
input to 7 microvolts, as it will by changing
the sensitivity to correspond to the set a.
However, reducing the size of the antenna to
improve the selectivity decreases the distancegetting ability of the set. As previously shown,
intelligent use of the volume control gives the
same control of the apparent selectivity without permanently reducing the efficiency of the
set. Here's one more vote for longer and higher
antennas. On clear, cold nights you can use
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the extra sensitivity a little brain work will
How selective should a set be? An ideal set
provide.
should have sharp cut-off and a flat response
the width of one broadcast band. To date no
commercial set of this type has been built, and
the problems involved indicate that such a
receiver will not be available for some time to
come. Just remember, in demanding "knifeedge selectivity,"
that, like
of other
things
in life, selectivity
is alots
compromise.
Too broad a selectivity curve, and interference
results. Too sharp a selectivity curve and the
quality is impaired greatly by the loss of the
high notes. A good engineering compromise,
plus a little intelligent operation, will provide for many hours of interference-free
entertainment.
WARD LEONARD'S AUTOMATIC
VOLTAGE REGULATOR

TORY
ance, and short
tube receiver
life due toperformexcesUNSATISFAC
sive fine voltage — this has been one of
the most pressing problems associated with
the a.c. receiver and has probably been one
of the major causes of consumer dissatisfaction
with sets of this type. It appears, however,
that the problem has now been solved comin a veryCompany
satisfact
by'
. ory
the Wardpletely andLeonard
Thismanner
company
has perfected a new device (that many manufacturers will probably include in their receivers this fall) which performs the double
function of power transformer and line- voltage
regulator. This device makes the operation of
the set independent of ordinary variations in
line voltage. It takes the place of the power
transformer ordinarily used in a receiver and it
functions, not only to supply all the voltages
required pensate
for thevariations
set's inoperation,
but also
to comline voltage.
With
this
new device in the set the line voltage can vary
from say 90 to 150 volts and the actual voltages applied to the tubes in the set will vary
a negligible amount.
We were present when the Ward Leonard
Company demonstrated this device which was
installed in a Crosley set. By means of an
auto transformer connected to the a.c. line,
the engineers varied the line potential from 90
to 150 mentsvolts.
The voltage
applied
the filaof the tubes
varied less
than toa tenth
of
a volt! The device works entirely on magnetic
principles — it contains no moving parts, resistors, thermal units, etc. The Ward Leonard
engineer responsible for the design is H. K.
Kouyoumjian. H. E. R.

-20

-10

RESONANCE
KILOCYCLES +10

+20

Fig. 7 — The selectivity of the usual
receiver varies with the frequency
to which the circuits are tuned as
illustrated in the above curves

BROADCAST
ENGINEERING
BY CARL
Loud

Speaker

DREHER

Frequency

Peak

Correction

by some other standard method
SOMETIMEngS, in broadcast
(see, for example, Ramsey: Exmonitori or other operations involving judgment of
perimental Radio), in which,
however, care must be taken
quality, loud speadkers are able
encounto feed the measurement circuit
tered which woul be suit
for
the purpose except for a marked
from a 1000-cycle source and to
adjust the current through the
peak in response somewhere in the
loud speaker so that it will have
audio-frequency range. This unsubstantially the same constants
desired sensitiveness may readily
as under normal operating condibe reduced to any desired degree
tions. Ifwe assume that the 1000by the application of an audiofrequency filter, which, in the form
cycle
impedance
is found to be 20
«
* a
ohms, then the filter must have an
described below, is simply the faimpedance of 10 ohms at the same
r"
radio-frequency
designedmiliator function at"rej
a ecto
lower
frequency. Part of this 10 ohms will
be in the coil Lf, the resistance of
frequency, i.e. , an audio frewhich may be measured with d.c.
quency, the alternating-current
principles remaining the same.
on a Wheatstone Bridge; the remainder ismade up in the separate
Fig. 1 shows a radio-frequency
Clarence R. Clark, chief engineer for KJR, is pictured
resistance Rf.
rejector circuit intended to elimiAll that remains is to calculate
above at the controls of KJR's new 5000-watt transmitter
nate interference at a given freLf and Cr to resonate at 1000 cycles.
quency, fto, which the combination
of inductance and capacity, L^Cr, is tuned.
The decrease in loud-speaker current re- The formula used is
(3)
quired at 1000 cycles is first calculated from
This path then presents a minimum imped5033
ance to incoming waves of frequency f, and
the receiver tuning elements, LaCa, may be
set for some other desired frequency without
Response db = 20 log j-1
is in cycles Vlc
per second, L in milliinterference, the currents of frequency f passIt is found that for a 10 db decrease the ratio where f henries,
and C in microfarads. The conditions
ing to earth by way of the rejector path and between
the
two
currents
must
be
3.16,
or,
will be satisfied approximately by a mica
hence causing no interference.
approximately, the initial current should be condenser with a capacity of 2.5 microfarad,
Fig. 2 shows a loud-speaker characteristic,
assumed to have been secured by such methods
and a 10-millihenry coil of the honeycomb
as those described by Wolff and Ringel:
type, or by a 1.0-microfarad condenser and a
25-millihenry coil. The resistance of the coil
"Loud
Speaker
Methods,"
Proc.
being measured, as outlined
above, the proper
I.R.E., Vol.
15, No.Testing
5, May 1927;
or Bostwick:
f=
series resistance may be added to smooth out
"Acoustic Considerations Involved in Steady
the 10 bd peak in the loud-speaker response.
StatetemLoud-Speaker
Bell SysGenerally speaking, the sharpness of tuning
Technical Journal,Measurements,"
Vol. 8, No. 1, January,
1929, and in numerous other articles. At 1000
of such audio-frequency rejectors matches the
cycles, it will be noted, there is a peak about Rejector
sharpness of peaks in the loud-speaker response
Circuit
Receiver curve, so that there is not much chance of
10 db above the general level of response at
doing damage to the frequency characteristic
other frequencies. By an audio-frequency
of the loud speaker by introducing troughs on i
filter circuit such as that represented by
either side of the peak which is eliminated. s iL
the
elements with
Lf, Cf,theandaudio
Rf in coil
Fig. of
3,'connected
Above the resonant frequency the filter has an
in parallel
the loud
speaker, such a peak in response may be
inductive reactance, which soon rises to sevsmoothed out. The constants assumed are
eral hundred ohms as the frequency is increased, while below the resonant frequency the
given only for purposes of illustration, alsame effect takes place with a capacitive reFig. 1
though they are in the general range enactance. Thus the filter serves to cut off the
countered inpractice.
reduced to one-third. This means that in the peak at the frequency for which it is designed,
and has little
filter branch of Fig.
reffect
- on the 1 response at other
Is 3 the current at 1000
cycles must be twice the Zfcurrent through the points in the band.
loud speaker voice coil. ItZsis known that if the
+ 30
loud speaker impedance at 1000 cycles is Zs,
and the filter impedance
current from
If inZr,thetheratio
" +20
the amplifier will divide
From
(2)
Output
Amplifier

Fig. 2

It follows that at 1000 cycles, for the purpose
in question, the filter circuit in Fig. 3 should
have only half the impedance of the loud
speaker.
The latter quantity is determined by
measurement on an inductance bridge, or
• april, 1929
page J02
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Filter Circuit 1
Fig. 3
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THE DAY-FAN 8-AC POWER SET
This receiver is completely light-socket operated and uses five 226- being used for neutralizing purposes to prevent the amplifier from
type tubes,
one 227type tube andcontains
two 17lA-type
It should
plate circuit of the detector permits the use
noted
that each
r.f. transformer
three coils,tubes.
the third
windingbe oscillating. A jack in the
of a phonograph pick-up unit.
171

,Red
Blue

Red
Yellow with
. Black Tracer

\j

\r

Red

Slack & Yellow -

Red. 3
£M3

Yellow

Black

^^AW-VVV\A-*-/^VW-K^VWvW» WW

'Wipnnnnn r—
Line

r

Green

THE FRESHMAN
MODEL 2N-12 RECEIVER
San thus making it impossible for the tubes to oscillate. The output circuit
This Freshman receiver utilizes the Equaphase circuit in280which
*
(
Equaphase stabilizer is used in each plate circuit of the r.f. amplifier of the set has been arranged to permit the use of either ordinary cone
tubes. These stabilizers tend to make the plate circuit non-reactive, loud speakers or moving-coil loud speakers.
Jack(Dynamic Orange
Tip Jacks
Equaphase
Equaphase .TransRadio 0-335
meg- 0.002 Orange Audio
.Volume
mmfd. Equaphase
Stabilizer 3ohrrij
Stabilizer-i 0-335
Speaker) j
',^ Output
(Magnetic,
Control
mfd.,
;
Trans.
Red
226
mmfd. 226 Stabilizer
400
Trans, Speaker);
,„„ ! . ..-226 4Q0
ohms .

Black -Red'
The data which has been given in the description of the receiver in previous "Set Data Sheets" has been
lettered on the above diagrams
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THE KING MODEL H RECEIVER
This receiver utilizes a conventional circuit consisting of two stages ground. It should be noted that the power transformer contains four
of r.f., detector, and two stages of a.f. amplification. The volume con- taps to permit the use of the set on any line voltages between 100 and
trol consists of a variable resistor connected between antenna and
130 volts a.c. The rectifier is a 280-type tube.
■ Neut. Condensers

-3r

THE

BOSCH

MODEL

28 RECEIVER

Three stages of tuned radio-frequency amplification, a detector, and
two stages of audio-frequency amplification, the second stage being
push-puD,
are first
incorporated
in thisincorporates
receiver. Ofa technical
is theto
fact that the
tuned circuit
variometerinterest
in order
make it possible to tune the antenna circuit to exact resonance with
**»e remainder of the tuned circuits.

I I I—
110 V. 60'

,
s

The data which has been given in the description of the receiver in previous "Set Data Sheets" has been lettered on the above diagram.
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Solving

AN

EXAMINATION

By

an

Employer

FOR

s Problem

RADIO

SERVICEMEN
I ' ' INI

J. F. B. MEACHAM

2. If a set is noisy, and you do not
O dealers and others
RADI
recognize its source by the character of
who regularly engage new
the sound, how can you determine readily
men for their service staffs
whether it is in the set itself or is being
must cull out the good men from
picked up by the antenna-ground system?
the poor and how to do it well is
3. (a) Which is most liable to open,
the secondary winding or the primary
a problem that has not been generwinding formof
an audio-frequency transer? (b) Why?
ally solved. Many men charged
with the task of hiring and firing
4.
(a)
What
would be the effect on the
ow
ned
r
to thei sorr that
have lear
output r.f.
of antubeopenin ainbroadcast
the grid circuit
second
receiver?of the
(b)
es
selv
io
"rad
not all who call them
Of the first a.f.?
5. If deone
the leadsset tois aopen,
tuningwhatcon-is
experts" are really qualified. The
nser in a of
broadcast
first requisite for a good servicethe effect?
man isthat he have a good prac6. (a) How would you determine the
tical background of electrical and
total plate current drain of a broadcast
radio knowledge. One excellent
receiver? (b) Approximately what would
way to find out if the applicant has
the
of a with
set using
four 201a's
and drain
one 112be tube,
the correct
plate
potentials and grid potentials applied? (c)
an inclu-h
setion
is toinat
this knowledge
al
whic
sive and form exam
If a test shows half the current you would
expect under the conditions of (b) what is
he must pass.
the most probable trouble, assuming the
The sample examination for
batteries ok.?
servicemen which appears below
(a) When
steady humof
or 7.howl
is set auplow-pitched
in a set, regardless
is one which has been used with
tuning condenser settings, what is the
excellent results by the Q R V Radio
most probable trouble? (b) What is the
cause
Service, Inc., of New York. This
remedies.of that trouble? (c) Name two
examination attempts to determine
Employers of radio servicemen have found that the most
8. (a) If, in a broadcast receiver, one
the general knowledge of the appliof theing with
audio
tubes appears
to be burnsatisfactory means of selecting highly trained men is by
a brilliancy
much greater
than
cant and does not go into all the
submitting all applicants to a written examination
normal, what is the trouble? (b) Would
problems which arise in the servicthe same condition produce the same
brilliancy in an r.f. tube? (c) Why?
ing of a.c. receivers. It has been
tery be satisfactorily
used? that?
(f) Why can it not be satis9. If the signal strength of a receiver was far below
found that men who can pass an examination
factorily used longer than
but you
not find anyor trouble
in the setwhatitof the scope of this one are usually quite cap2. (Questions under 2 apply only to lead cells) (a) Is normal,self, or the
tubescould
or batteries,
loud speaker,
a voltage reading a sufficient indication of the condition would be the sequence of your next tests, in detail? Let
able of intelligently solving most service prob- of
your answers be lettered as: (a), (b), etc.
a storage battery? (b) Why? (c) Is a hydrometer
lems which they meet in the field.
reading sufficient? (d) Why? (e) If you know only the
10. If, with the tuned circuits of a set all out of
We present this sample examination with
resonance, an intermittent hissing and frying noise is
voltage
and
the
ampere
hour
capacity
of
a
storage
battery, how would you compute the normal discharge and trouble?
the suggestion that it may be helpful as a
audible in the loud speaker, what is the most probable
charging rate? (f) Of what is the electrolyte of a
guide to other organizations who hire service- initial
lead cell composed? (g) Why does the specific gravity of
11. (a) If you find the plate potentials furnished to a
men. We should like to hear from our readers
the electrolyte change during charge and discharge?
B-power
unitvery
to below,
veryandlow,youwi thnotice
the plate
who are using formal examinations of this (h) At what height should the surface of the electrolyte set byrentato the
set also
that curthe
in a lead cell be maintained? (i) What trickle charge plate of the power-unit rectifier is running red hot, what
type and would be glad to see copies of similar
rate
would
be
approximately
correct
for
a
set
using
five
it
the
most
probable
trouble?
(b)
If
you
found
the
plate
examinations which they are using.
201a tubes and one 112 tube which is operated for an voltages very low, but the plate current, measured in
average of four hours per day, the charger operating 20 the minus B lead between the power unit and set
hours?
Section I — Fundamentals
terminals,
trouble? abnormally high, what is the most probable
(ten credits)
Section V — A.C. Power Units
12. With the filaments of a set at normal brilliancy,
(Give the formula in each case and show your arithmetic.)
approximately
potential
90 volts
(ten credits)
tery produce at what
the plate
of theshould
first a.f.
tube? of B bat1.
(a)
Can
the
voltage
delivered
to
a
set
by
a
B-power
1. (a) If you desire to furnish a current of 3.5 amperes
If a test shows normal potential from the B post
unit be accurately measured by the ordinary battery- of 13.
an
audio
transformer
to
filament,
but
the
to a load through a resistance of 8 ohms, what must be testing
voltmeter? (b) Why? (c) Name an exception to plate — of the tube whose output goes tononethatfromtransthe voltage drop across the resistance? (b) How much
your
answer
to
(a),
(d)
What
effect
would
be
produced
power is consumed in the resistance, in watts?
former— to filament, what is the trouble?
of the average B-power unit by
2. (a) If a voltage of 7 volts is impressed across a on the terminal voltage
ofthea power
171-typeunittube
for a 112-type
tube
resistance of 125 ohms, what current will flow, in am- inthea substitution
set
to
which
is
connected?
(e)
Why?
peres? (b) In milliamperes?
Section VII — Diagrams
3. (a) If a potential of 20 volts causes a current of 5
(ten credits)
Section VI — Servicing
amperes to flow through a circuit, what is the resistance
of the circuit, in ohms? (b) If a potential of 200 volts
(fifty
credits)
1.
Draw
a
circuit
diagram of a five-tube set, tuned
causes a current of 0.5 milliampere to flow through a
(In those of the following questions which refer to and neutralized r.f., with detector regeneration, transgrid-leak,
what
is
the
resistance
of
the
leak,
in
megbroadcast
receivers,
when
no
particular
set
is
mentioned
f
o
r
m
e
r
c
o
u
p
l
e
d
a
u
d
io, 171-type tube in last stage, with
ohms?
built may
set.) assume it to be an average five-tube factory- storage A, a. c. trickle charger, B-power unit, and auto4. (a) What is the total resistance in ohms of three you
matic
relay.
Power-unit
mionic or gaseous type. rectifier may be either therrheostats whose separate resistances are 3, 5, and 9
what order would you conduct a routine test
ohms, when connected in series? (b) When connected in of 1.a Inbroadcast
2.
Draw
a circuit diagram of a superheterodyne
receiver,
assuming
the
entire
pick-up
parallel?
to be ok.? Answer briefly. Letter your answers a.f.
stages.
having
two stages of "intermediate" r.f., omitting the
5. (a) What is the total capacity in microfarads of system
as:
(a),
(b),
etc.
t hree condensers whose separate capacities are 0.5, 2 and
8 mfd. when connected in series? (b) When connected
in parallel?
Section II — Tubes
(six credits)
Section III — Tubes
(foub credits)
1. Give data for the following tubes, for normal operation.
Plate
1. (a) What is the important difference between a
Ampl.
Plate
Constant
Res.
Current
Plate V. Grid V. Current
199-type tube and a 120-type tube? (b) Between a
Type
Fil.
Fil.
V.
201a and
a
112?
(c)
Between
a
112
and
a
171?
(d)
Be199
Use
twe n a171 and a 210?
199
amplifier
detector
omit .
120
Section IV — Batteries
omit
amplifier
201a
(ten credits)
omit
amplifier
detector
201a
200\
detector
1. (a) Is it better to test the voltage of a dry cell under
no load or under load? (b) Why? (c) What should be the
amplifier
a.f
ampl.
171
112
no load voltage of a fresh dry cell? (d) Of a fresh 45-volt
a.f. ampl.
B battery? (e) How long may the average 45-volt bat210
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IN

THE

RADIO

MARKETPLACE

News, Useful Data, and Information on the
Offerings of the Manufacturer
New Receivers Announced

on has anCorporati
Radioreceivers;
THE Crosley
nounced two new
the Gemchest
and the Showchest. The Showchest is a console
model with a built-in Dynacone loud speaker.
The receiver itself is an eight-tube a.c. set employing three stages of tuned r.f.. detector, and
two stages of audio, the output stage of which
is push-pull using two 17lA-type tubes. The
Gemchest utilizes two stages of r.f., a regenerative detector, arid two stages of a.f.
THE ATWATER-KENT COMPANY has
announced two new receivers. One is the table
model 46 set using seven a.c. tubes and one
rectifier. This set is priced at $83.
The second receiver is the console model 53,
priced at §117. The chassis is housed in a
metal console together with the new Atwater
Kent dynamic-type loud speaker. The price
of the new dynamic loud speaker when sold
separately is $34.
THE COLUMBIA PHONOGRAPH COMPANY'S latest product is the model 950
phonograph-radio combination. This combination includes a Columbia electrical phonograph and a Kolster radio receiver. The price
is $450.
THE

SPARKS-WITHINGTON COMPANY has announced a new Sparton console
receiver, type 930, priced at $189.50. This new
receiver utilizes the same band-selector circuit
used in previous Sparton Equasonne receivers.
In the console is also included a Magnavox
dynamic-type loud speaker. Tubes are included as standard equipment without added
cost. According to Captain Sparks, president
of the company, production during the past
season was nearly three times as great as
during the preceding season.
AN A.C.-222-TYPE TUBE is used in the
new Series K receivers produced by the
Federal Radio Corporation. This set will be
available in both table and console models.
The lowest priced model will cost $127.50.
A 227-type tube is used in the first r.f. stage
and in the second r.f. stage a new 222-type
a.c. tube is used. In the detector and firstaudio stages 227-type tubes are used and in
the output there are two 17lA-type tubes.
Miscellaneous New Products

sensitive photo-electric cell giving a current of
1 microampere per 100 foot candle and a linear
relation between 0.1 and 1000 foot candles.
The Burt cell is not affected by fatigue.
The second device is the Bedell-Reich Stabilized Oscilloscope. The oscilloscope may be
used in the varied fields of investigation in
which the vibrating mirror or cathode-ray
oscillograph is used.
THE TRUTONE RADIO SALES COMPANY, 114-116 Worth Street, New York
City, has placed on the market the "Si-lenser,"
a device
between the
socket
and the
radio for
set use
to eliminate
linelight
noises.
A NEW DYNAMIC loud speaker switch is
being made by the Therm-A-trol Manufacturing Company. This device is designed for
use in conjunction with a.c. receivers which are
being operated in conjunction with a separate
a.c. dynamic loud speaker. By the use of this
special switch the power input to both the set
and the dynamic loud speaker can be controlled by means of the single switch on the
receiver.
FERRANTI, INCORPORATED, makes
two output transformers designed to connect
between the moving coil of a dynamic loud
speaker and a power tube. The type op-2c is
designed for use with single tubes of all types
and the op-4c is for use in push-pull circuits.
An article telling how and when to use such
transformers will be found on page 194 of
Radio Broadcast for January, 1929.
PROBABLY THE SIMPLEST way to
make it posible to get more output from a
radio set without overloading the last tube is
to place two power tubes in parallel in the output stage. A device to permit this to be accomplished readily is being manufactured by
Arthur H. Lynch, Inc., and is called the
Lynch Tubadapta. It consists of two tube
sockets mounted in a convenient holder that
can be plugged into the power-tube socket of
any receiver.

THE EXCELLO PRODUCTS CORPORATION, of 4820 West 16th Street, Cicero,
Illinois, are manufacturers of Excello cabinets
for use with all types of radio receivers. There
are available also special cabinets designed
especially for well-known receivers such as
the Atwater Kent, Crosley, Radiola, etc.
THE NEW S-M dynamic loud speaker units
are being offered in two models; the type 850
for a.c, and the type 851 for d.c. field excitation. Hum in the a.c. model has been eliminated by supplying the field with 120 volts
from a 280-type full-wave rectifier. Across the
output of the rectifier is connected a 2-mfd.
filter condenser which, in conjunction with
the field coil, completely filters the output
so that only pure d.c. flows through the field
winding. The loud speaker is equipped with a
229-type coupling transformer so that the
loud speaker may be used with all types of
tubes. The 850-type a.c. unit is priced at
$58.50 and the 851-type d.c. unit at $48.50.
Only the loud speaker unit itself can be obtained, i.e., they are not sold in cabinets.
Radio Industry Briefs
WITH the sale of station wabc to the
Columbia Broadcasting chain, the
New York offices of A. H. Grebe and Co.
have been moved from West 57th Street, New
York, where they were combined with the
offices and studio of wabc. The Grebe executive offices are now at the factory in Richmond
Hill, Long Island, New York.
HAL P. SHEARER, formerly general
manager of the Sphtdorf Radio Corp., of
Newark, N. J., has been chosen vice-president
and general manager of the new Sleeper
Radio and Mfg. Corp., Long Island City,
N. Y. A. N. Clifton, formerly sales manager of the Alden Manufacturing Company,
is
sales manager of the reorganized Sleeper
Company.
GUY C. KOWFELDT, 529 South 7th
Street, Minneapolis, Minn., and E. F. Coughlin, 10 High Street, Boston, Mass., were recently appointed district managers for the deForest Radio Company. They will cooperate
with jobbers and dealers in their territories.

THE

new Y-227-type detector tube manufactured by the Sonatron Tube Companywithin
reachesfive
its to
proper
temperature
sevenoperating
seconds after
the
power has been turned on. This time lag is
quite short in comparison with the 15- to 30second lapse for most other heater-type tubes.
This company also has a new type 171 ac.
tube selling at $3.50.
THE C. E. JACOBS MANUFACTURING
COMPANY, of 2802-10 N. Kedzie Avenue,
Chicago, has developed a new product, the
"Repleno"
rectifier for
use as The
a replacement
unit
in electrolytic
rectifiers.
list price
is $1.00 per jar. These rectifiers are said to be
suitable for use in the electrolytic B-power
units made by Philco, Willard, Exide, Vesta,
etc.
THE R. C. BURT SCIENTIFIC LABORATORIES, ofPasadena, California, are the
manufacturers of two devices useful in radio
engineering. One is the standard Burt PhotoCeil, which, according to the makers, is a highly

NEW LOUD SPEAKERS known by the
trade name of Conamic are being made by
the Operadio Mamifacturing Company. Various models are available ranging in price from
$28.00 to $32.50. Special loud speaker chassis
are available for use in manufactured receivers.

ALBEBT L. SCOTT, formerly with the
Girard Phonograph Company, Edison distributor in Philadelphia, has been appointed
manager of the Atlanta, Ga., branch of the
Edison Distributing Corp.
MERWYN HEALD is the new chief
engineer of the Thordarson Mfg. Co., of
Chicago. Mr. Heald was formerly chief engine r ofthe Robertson-Davis Co., of Chicago.
The new Thordarson executive was graduated
in E. E. from Northwestern where he was a
member of both Signa Xi and Phi Beta Kappa.
Thordarson has also announced an increase
in their factory space and additional research
and production is now contemplated.
The neiv Atwater Kent receiver in
a console cabinet with built-in loud
speaker
page 406 #
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THE GENERAL CONTRACT PURCHASE CORP., New York, has issued the
third edition of their catalog of R. C. A.
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licensed receivers, prices, and number and type
of tubes employed. Among the licensed sets
listed, the following companies not themselves
holding an R.C.A. license are shown to supply
sets: Brunswick Phonograph Co., Buckingham Radio Corp., Bush & Lane Piano Co., S.
Freshman. Graybar Electric Co., National
Carbon Co., Sonora Phonograph Co., and
Victor Talking Machine Co.
THE SPRING MEETING of the National
Electrical Manufacturers Association will be
held at the Homestead, Hot Springs, Va.,
May 20-25, 1929.
A CLEVELAND BRANCH of the Thordarson Manufacturing Co., has been opened
at 520 Citizens Bldg., with C. M. Hendricks
in charge.
THE MANUFACTURING activities of
the Chas. Freshman Co. and the FreedEisemann Radio Corp., will be combined in a
new factory to be located in Clifton, N. J.,
12 miles from New York, according to a recent
announcement of C. A. Earl, head of the two
concerns.
THE KELLOGG SWITCHBOARD AND
SUPPLY CO., of Chicago is now licensed
under the patents of the Badio Corporation
to make receivers. The license was granted
as of January 1, 1929. A complete list of BCA
set licensees will appear in a subsequent issue
of this magazine.
THE BREMER-TULLY MANFACTURING CO., has just received a receiver license
under the Hazletine and LaTour patents.
THE NEW RECEIVER manufacturing
plant of the Temple-Sleeper Corp., is located
at 5253 West 65th Street, Chicago. A. Marchev is president of the new company.
THE FACTORY OF Colin B. Kennedy,
Inc., is being moved from Highland, 111.,
to South Bend, Ind. It is said that the Kennedy company has merged with the Studebaker Co., of South Bend and plans to market
sets through mail order channels.
THE EBEBT FURNITURE CO, Red
Lion, Pa., is now offering a line of highquality cabinets at popular prices. A. Irving
Witz and M. J. Polikoff have been appointed
national sales agents. Mr. Witz was formerly
eastern representative for Bremer-Tully and
the Webster Co., of Chicago, and the Fidelity
Radio Corp., of Salt Lake City. He is now also
vice president and sales manager of the Argon
Tube Corporation, Newark N. J.
PRICE reductions on ten types of R.C.A.
tubes were announced on February 15th
by the Radio Corporation of America. Radiotron ux-226 is reduced to §2.00, uy-227 to
83.00, xjx-280 to $3.50. ux-281 to $7.25,
TO-112A to S2.50, ux-250 to $11.00, ux-199
to $2.00,ux-17lAto $2.50, tjx-200a to $3.50,
and ux-201a to $1.40.
Technical Notes
VARIABLE condensers of all types for
use in the manufacture of receivers are
made by the Precise Products, Inc. Single or
gang condensers can be obtained with maximum capacities of 0.0005, 0.00035, or 0.00025
mfd. Relative to the accuracy of these condensers, the following data was received from
A. deFord, sales manager.
"We three
hold the
accuracy
condenser
to
within
mmfd.
plus ofor our
minus
over the
entire range. All of our production condensers
are calibrated in five different positions using
the resonance method. The tolerance we have
specified above is closer than some manufacturers demand.
"We are building group condensers with as

many as 5 to a gang, and the returns on these
condensers have been less than one half of
onePRODUCTION
per cent."
TESTS ON Durham Metallized Resistors have been made more severe

to make certain that the units have an ample
safety factor, According to a recent release
from the International Resistance Company,
all Durham
"flash"
tested
for fiveMetallized
minutes atResistors
a load ofaretwice
the
normal rating of the unit.

The Radio Dealer's Note Book — No. 2 Voltage-Control Devices
\ CCURATE summaries of useful information are constantly of value to those radio
-iV. folk who deal with the public. This sheet, one of many such on various subjects to follow, sets down collected information on voltage-control devices. The
dealer or serviceman can remove this part of the page for his notebook or he can have
it photostated in any number of copies.
line voltages
the country
are
notA.C.
constant.
When an throughout
a.c. set is installed
the dealer
must make whatever adjustments are necessary to
permit
the set tovalue
operate
at maximum
the particular
of voltage
at theefficiency
socket toat
which the set is connected.
This adjustment may be accomplished readily
with those sets supplied with several taps on the
power transformer. In such a case the proper procedure
make measurements
an a.c.atvoltmeter tois todetermine
the maximumwithvoltage
the
light socket. The tap on the transformer is then
adjusted for operation at this voltage.
All receivers
are not
on thebe
power
transformer
and supplied
in other with
cases taps
it may
found that the taps available do not in some instances
a widehaveenough
for example, apermit
set might
taps toadjustment;
permit operation
on
line
voltages
up
to
115
volts
but
by
test
it
be found that the line voltage is at times as highmayas
125 volts. In such a case it is necessary to install
some device to reduce the line voltage to 115 volts.
Atrolcomplete
list of the adjustable line voltage condevices
table
below. made for this purpose is given in the
These devices which are either fixed or variable
resistors are generally mounted in some convenient
manner so that they may be connected readily between the light socket and the power lead from the
Mfgr.

Price
Type No.

Aerovox
Central Radio
Laboratories

997
Control
Box

Clarostat Mfg.
Co.

Power
Clarostat
Voltage

Corp.
DeJur-Amsco

Insuline Corp.
of America
Thermatrol
Mfg. Co.
Ward Leonard
Mfg. Co.

Wirt Company
X-L Radio
Labs.

1.50
3.00

set. Whether
a fixed factors.
or variable
is used are
depends
upon various
Mostresistor
radio owners
not particularly interested in the mechanics of the
set and
want control
to be bothered
by having
adjust
a linedon't
voltage
device from
time to totime,
For this reason a fixed resistance of the proper value
should be used whenever possible. This is quite
satisfactory where the voltmeter test of the line
voltage shows the supply to be high but uniform,
If the test
shows that
voltagesometimes
varies overnormal
wide
limits,
sometimes
beingthe high,
and at other times quite low, it is best to install one
of the devices containing a variable resistance so
thatadjusted
the amount
of line-voltage
be
as necessary
by the compensation
owner of the can
set.
The second thing to do if the line voltage is found
to undergo towide
is to write a good stiff
complaint
the variations
power company,
Space
limitations
do
not
permit
to goresistance
into detail regarding how to determine whatus size
to use under different conditions but fortunately
the various companies manufacturing these devices
can supplyto use.
excellent
showingshould
just bewhatin the
resistance
This charts
information
hands of all dealers
and servicemen.
A note to
Radio Broadcast written on your business stationery will bring to you complete data on all the devices
listed in the following table,

Characteristics
Fixed Resistor
Variable Resistor
Wattage
Wattage
Ohms
Ohms
3 to 75

60
Mounted in a with
mesocket talandbox input

0-10

3.50

25 to 500

40
40

1.75

125
250
30

1.75

75

50
20
507-63
507-59
507-83
507-96
507-39
507-41
507-43
:,o7
507-44
507-45
507-97
507-99
507-100
507-101
No. 211
No. 211-b
X-L Link

5.50
5.50
5.50
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

2.5
7.0
5.0
3.5
12.5
15.0
2210
31
45

2.25
3.25

62

5.75

power lead
Mounted in a
metal input
box lead,
with
socket,
and a.c.
voltmeter to permit
accurate
ment to 110adjustvolts

12.50

Regulator
No.
360

Resistovolt
Light-Duty
Resistovolt
Heavy-Duty
Voltage
Control

Remarks

12.5
60
60
60
60
60
60
60
60

60
60
60

65
150
60

Consists of small
device to plug into
light
socket. Four
adjustments
for
voltages from 110
to 125 volts
V\ hich size resistor ispends
usedupon dethe
line voltage
and
the current drawn
by the set.
com-is
pleteA chart
available
to use.ing what indicatresistor

Mounted venient
in a unitcon-to
plug into the
light socket
Mounted in a
metal
box input
with
socket and
power lead
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Interior vieiv of the new Hollister a. c. -operated super-heterodyne
Licensees of Ihe Technidyne Corporation
n^HE Technidyne Corporation, 644 BroadA way, New York, headed by Lester Jones,
has informed Radio Broadcast of the following licensees under their patents:
RECEIVER CIRCUITS
Continental Radio Corporation, Fort Wayne, Ind.,
makers of Slagle Receivers. Sets made by this company
embody
circuit. the so-called "feed-forward" Technidyne
Sparks-Withington
makers
of the SpartonCompany,
Receiver. Jackson,
Sets madeMichigan,
by this
company
employ
the
Jones
"Equase"
circuit.
The A-C licensee
Dayton who
Company,
A new
Technidyne
plan to Dayton,
market aOhio.
set with
the
"Equase" circuit during 1929.
OTHER LICENSEES
Electrad, Inc., New York, manufacturers of the
variable
resistor
Technidyne thepatents.
A"Royalty"
new type
variable
resistorunder
Technidyne Corp.of will
be marketed
bydeveloped
Electradbyalso.
Electro-Motive
Engineering
Corp.,
New
York,
makers of Elmenco fixed resistors.
De Jur-Amsco Corporation, New York, makers of
fixed resistors under Jones patents.

double-contact sockets are assembled in bakelite base ready for wiring.
The tubes employed are as follows: oscillator, 227-type; first detector, a.c. screen-grid
tube, 222 a.c.-type; three intermediate stages,
a.c. screen-grid tubes, 222 a.c.-type; second
detector, 227-type; first audio, 227-type;
second audio, 210- or 250-type.
The type-101 tunable intermediate transformers are used in the a.f. stages. Heavy
copper shells house the transformer windings

The kit of parts for the Hollister ac8 list at
$110. The power unit for the set lists at $60.
The S-M Screen-Grid A.C. Kit Receiver

The Hollister AC8 Super-Heterodyne
Kit Receiver
IN CIRCUIT and general layout the Lincoln
Radio Corporation's new kit, the Hollister
ac8, is similar to the former Lincoln 8-80
except that the new kit is designed for complete a.c. operation, the original 8-80 being
a d.c.-operated set. The Lincoln Corporation
advises us that they have obtained excellent
results from this set, finding it possible from
their location in Chicago to tune-in a station
at practically every degree on the dial. A
description of the new ac8 has been received
from the Lincoln Corporation and the essential details of the circuit are given below.
The receiver is tuned by variable condensers
independently operated by two illuminated
drum dials. All wiring is done beneath subbase, which is composed of bak elite, eliminating possible shorts, and creating good insulation for all component parts. Substantial

The power equipment for the Hollister ac8
is in a very compact crystalline-finished case
and it supplies 45 volts, 135 volts, and 450
volts B; 7 J volts a.c, and 2j volts a.c.
One 281-type tube is used as rectifier.
The operation of the set is simple. The two
dials track evenly throughout the broadcast
range. A single volume control, composed of
a 3000-ohm potentiometer controlling the 45
volts applied to the screen-grid tubes, is the
only other adjustment necessary for tuning.
List of Paris
One No. 102ac oscillator;
One No. 103\c antenna;
Four No. 101 i f. transformers;
One No. 105 a.f. transformer;
One No. 106 a.f. transformer;
Two .00035-mfd. condenser. Precise;
One
socket assembly, completely drilled
Two Sub-base
Sub-base and
supports;
Two Illuminated drum dials and windows;
One Front Lithographed panel;
Two Rinding posts;Seven 1-mfd. condensers;
One tp-3-m 3000-ohm potentiometer, Carter;
Four 3000-Ohm resistors, Electrad;
One 2000-Ohm resistors, Electrad;
One 1500-Ohm resistor, Yaxley;
Two
cu60 No.
center-tapped
One S-M
275 choke; resistors, Carter;
One .00015-mfd. condenser with clips, Aerovox;
One 2-Megohm grid leak. Aerovox;
One Sangamo .00007-mfd. condenser;
One .002-mfd. by-pass condenser, Aerovox;
One Carter
110-volt a.c. switch;
Two
Tip Jacks;
One Terminal strip, Jones;
One Rattery cable, Jones;
Two Knobs for potentiometer and switch;
One
and wire;
One Set
Set hardware
of blueprints;
One Small panel for console (optional).

The new Conamic loud speaker
manufactured by the Operadio
Manufacturing Co.
and variable condenser. The Clough system is
used in the audio amplifier.
An output transformer — Lincoln No. 107 — ■
may be mounted at right-hand side of base
when the set is used with a loud speaker that is
not equipped with an output transformer. The
output transformer is not included in the
standard kit, as the majority of dynamic loud
speakers already have an output transformer
incorporated in them.

AntennaM/

0.00015 mfd. 2-megohm
Grid Leak
* 1st. Detector lstlnter.Freq
Oscillator
227
Ant.Coll C
No.ltar
- Ml

3rd.lnter.Freq. 4th.lnter.Freq.
Trans. No.101 Trans. No.101^
2nd Inter.Freq. ', 3rd.lnter.Freq. \

1 mfd.

Ground
Schematic diagram of the Hollister
a.c. -operated super-heterodyne _j
april, 1929
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THE
model
720ac manufactured
Screen-Grid Six
is theS-M
newest
kit being
by
the Silver-Marshall Company. H. B. Bandall of this company has supplied us with the
following details regarding this new receiver.
The model 720 ac is a six-tube a.c.-operated screen-grid receiver, available either
as a kit for home assembly or as a custombuilt set. It employs three r.f. stages, each
using one of the new 224-type a.c. screengrid tubes, a 227-type detector tube, and two
stages of Clough-system a.f. amplification.
In the second a.f. stage is found the new 245type power tube delivering over 1.6 watts of
undistorted power output. Four tuned circuits, effectively shielded, and controlled by
two tuning dials (the antenna-stage condenser is separate from the three-gang condenser tuning the second, third, and detector
stages) enables all tubes to be operated at full
efficiency and eliminates the loss (or, at best,
small gain) attendant upon the usual untuned
"dummy" r.f. stage used to permit singlecontrol operation. As both dials track very
closely, the two dial feature is not a drawback
to simple operation, while it is a very great
lst.Audio Freq.
2nd.A.F.Amp.
Amp.227
210or250

RADIO BROADCAST
THE
NEW
C R O S L E Y
GEMCHEST

ADVERTISER

Power
is
Music
to Radio
Engineers
f HlHE radio listening public
is entitled to powerful
volume plus undistorted quality output. Radio engineers and
radio set manufacturers have worked
steadily toward this result, constantly
endeavoring to simplify radio construction. Simplicity without the loss of
effectiveness is the keynote of engineering progress.
Now
Arcturus announces two new

Chinesedarin Chippendale
Cabinetanddesign
in three
colors.Contains
ManRed, Gembox
Manchu shielded
Black
Nanking
seven-tube
receiver
(threeGreen.
tubes radio
amplification, detector, two audio tubes and rectifier) and the
dynamicferentCrosley
Dynacone
power
speaker
(built
on
a
difprinciple of armature actuation.) Without tubes $94.
THE CROSLEY RADIO CORP.
POWEI CROSLEY JR., Pres. CINCINNATI, 0.
Owners ofWLW, the NatioiVs Station
West of Rockies Prices Slightly Higher

power to any A-C set, yet keep the reproduction clear and undistorted.
These two tubes are the No. 122
Shield Grid Tube and the No. 145
Power Tube. Both operate from a 2.5
volt a. c. filament heater potential. A
specially prepared technical bulletin
on these new tubes will be sent on

tubes that definitely improve both volume and tone quality. They add new
request.
[Engineering Facts Have a Utility Significance
to the Broadcast Listener]
ARCTURU
BLUE
ARCTURUS RADIO

For

The

Iong-uff: TUBES
TUBE COMPANY ~ Newark, N. J.

Service
To

Always

keep

a

tube

spare

with

Laboratory
the service man

who

prides himself on thoroughness a portable source of
radio-frequency signals is

your

indispensable. The aligning of tandem controlled
condensers, the neutralizing
of receiver or the timing of
the intermediate-frequency
amplifier in a superheterodyne receiver all require a
dependable test signal.
The Type 320 Test Oscillator supplies a modulated signal at 1,400 and 640
kilocycles in the broadcast band and at 180 kilocycles
for testing of an intermediate-frequency
Licensed under U. S. Patent 1,113,149

amplifier.

Bulletin T Describes It
GENERAL
E. T. CUNNINGHAM, Inc.
New York
Chicago
San Francisco

RADIO

30 State Street
Cambridge, Massachusetts
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+45
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and
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Red BlackGreen
6

Schematic diagram of the new S-M. sixtube a. c. -operated screen-grid receiver
aid in obtaining maximum results in the way
of sensitivity and selectivity.
Actual measurements on a single r.f. stage
show a gain of about 14 at 550 kc. and about
28 at 1500 kc. Each r.f. stage employs one
224-type a.c. screen-grid tube, together with
an r.f. transformer consisting of a secondary of
98f turns of No. 29 enamelled wire wound
upon a threaded mould ed-bakelite form \\"
in diameter and 1|" long, with a primary
consisting of 35 turns of No. 38 enamelled
wire
tube located
the filament
end upon
of thea \\"
secondary.
Fromat the
antenna
coupling system a voltage gain of about 60
is obtained.
From the picture, the r.f. amplifier section
is seen to consist of a large antenna coil tuned
by a single .00035-mfd. condenser and provided with a tapped primary and with a 75mmfd. antenna series condenser for selectivity
control. This coupler feeds the grid circuit of
the first screen-grid r.f. amplifier which, in
turn, feeds into three almost identical shielded
r.f. circuits, each housed in a small copper can.
Each of these stages employs the small r.f.
transformer described above which is tuned
by a section (equipped with individual compensator) ofthe three-gang die-cast condenser.
In the two left-hand shields are the second and
third screen-grid r.f. amplifiers, and in the righthand shield the 227-type detector. By-pass
condensers are contained in each stage shield
to localize r.f. current paths. Volume control
for the receiver is affected by means of a
3000-ohm potentiometer arranged to control
the screen-grid potential of the three 224-type
r.f. amplifier tubes.
The heaters of screen-grid and detector
tubes are operated in parallel and are fed
from a 2.5-volt winding of the transformer

in,

Maroon

Red

contained in the power supply for the receiver, and which furnishes A, B, and C power
to the entire set.
The audio amplifier employs the Redwellknown Clough audio system in two stages
with a 227-type tube in the first stage, and a
245-type tube in the output stage. In its
frequency-versus-amplification curve, as given
on this page, it will be seen that it is extremely
satisfactory over the frequency range involved in reproduction of music and speech.
200

the 245-type power tube from damaging the
loud-speaker windings. The undistorted power
output
of 1.6 watts is sufficient to provide adeb;
quate fidelity and sufficient volume.
Inasmuch as complete constructional data
for this receiver may be had from the manufacturer offering the kit, space will not be
taken to present it here. Constructional
pamphlets may be had upon application
directly to this magazine. The parts required
for the construction of the receiver are as
follows:

Po 60

Ci One
C2, Ca,
Cs type
One

Q_.— iz100
I 20

| 3040 50 100

500 1000
FREQUENCY, C.P.S.

5,000 10,000/

Fig. 2
No output transformer is supplied in the
receiver, though space is left for the inclusion
of such a device. This omission is justified on
the ground that the builder will generally
employ one of the better types of dynamic
loud speakers, and such loud speakers are ordinarily equipped with output transformers.
Should this not be the case, and should a
magnetic loud speaker, or other type not
equipped with output transformer, be used
with the set, an output-coupling device, such
as a transformer or choke and condenser
filter, must be connected between set and loud
speaker to prevent the high plate current of

List of Paris
S-M condenser, 0. 00035-mfd., type 320r;
C4 One S-M three-gang condenser, 0. 00035-mfd.,
323
S-M ; midget condenser, 0.000075-mfd., type 342
C6, Cis Two Potter condensers, 1-mfd.. type 104;
C7-C12, Cic Seven Sprague condensers, 0.25-mfd.;
C13, One Polymet grid condenser, 0.00015-mfd.;
C14132a;
One S-M
Polymet
by-pass
Li
One
antenna
coil, condenser,
type 140; 0.002-mfd.;
L2, L3, Li Three S-M plug-in r.f. transformers, type
Si- S7, S9 Eight S-M tube sockets, five-prong, type 512;
Ss One S-M tube socket, four-prong, type 511;
Ti One S-M a.f. transformer, first-stage, type 255;
T2 One S-M a.f. transformer, second-stage, type 256;
Ji, 53000;
J2 Two Yaxley tip jacks, insulated, type 420;
Ri One Yaxley midget potentiometer, 3000-ohm, type
P12
resistor, 150-ohm;
R.6 One
One Yaxley
Carter sub-base
rheostat, type a6;
F17 One Polymet grid leak, 2-megohm;
Rs One Durham resistor, 0.15-megohm;
R9 One Yaxley resistor, 1500-ohm;
Rio One Yaxley resistor, center-tapped, type 840c;
R11
One One
S-M Ohmite
universalresistor,
pierced1500-ohm;
chassis, type 701 ;
One S-M dual-control escutcheon, type 809;
Two S-M vernier drum dials (one left and one right),
type S-M
806; copper stage shields, type 132a;
Three
Three moulded
binding posts;
Miscellaneous hardware, battery cable, hook-up wire,
etc.

Chassis views of the S-M Screen-Grid Six receiver with and without sliields in place
• april, 1929 . . . page 410 «
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CKC
nE
Hr-

REAL
One

-Dial

Control

ADVERTISER.

KER
R
CHEC
TUBE
NTE
IS A COU

Which Requires NO

Whatever

You

BATTERIES
Want

to

Know

about RADIO — principles,
methods, apparatus — you
will find instantly in
THE

The sections of Hammarlund "Battleship" Multiple Condensers are matched to within \\ of one per cent. Absolute precision can be obtained by
attaching a Hammarlund Equalizing
Condenser to each section. Recesses
in the frame provide for this.
That means REAL One-Dial Control,
with every circuit accurately tuned.
Made in 350 mmfd. and 500 mmfd.
sizes in two, three and four gangs.
Your dealer sells them. Write for Descriptive Folder.
HAMMARLUND
MFG. CO.
424-438 W. 33rd St.
New York

riund
amma
p P, E C I S ION
PRODUCTS

Operates direct from the
A.C. LIGHT SOCKET
Or any other A.source
C— 60
cycle — 90 to 130 volt
of supply
Proper Voltage Regulation
is quickly obtained by means of. the Voltage
Adjusting Dial and the Voltage Indicator.
Will test every type of tube
A. C. or D. C. — having filament voltages of
1.5, 2.5, 3.3, 5 or 7.5 volts, including filament
type rectifying tubes.
Check Tubes at Time of Sale
It prevents comebacks and makes satisfied
customers.
Your jobber will supply you, or write direct to:
Weston Electrical Instrument Corp.
604 Frelinghuysen Ave., Newark, N. J.
WESTON
RADIO
INSTRUMENTS

Reliable
Short- Wave
Reception
and Polymet

This tested screen grid tuner will give dependable short-wave reception. Simple to
assemble. Easy to Tune.
Stations can be logged.
Does not radiate.
NATIONAL
SHORT WAVE TUNER
Send for Bulletin No. 132-RB.
NATIONAL CO., Inc., MALDEN, MASS.

makes them"
He was buying coils. He knew
that Polymet now made coils. He
had used Polymet Condensers and
Resistances before. Confidently,
then, he placed his order for coils
with Polymet.
This is the sort of good-will we
are proud of and intend to keep
— the good-will of all, from the
largest radio manufacturer to the
smallest set builder.
Our latest catalogue tells how
to build many popular circuits.
Send for it.
POLYMET MANUFACTURING CORP.
597 Broadway
New York City
POLYMET
PRODUCTS
• april, 1929 . . . page 411 •

RADIO
MANUAL
A Complete Course in
Radio Operation
«n a Single Volume
A Handbook for
Students
Amateurs
Inspectors
Operators
For the first time an
entire course of trainmosting in one
complete
book — and
the
up-to-date work on
radio. Developed
simply
clearly
from the and
elementary
stage right through
all phases of principles, practise,
paratus so thatanda apbeginner
no knowledge withof electricity
may
get operation
all he needs
for
amateur
or toeither
qualify
for tora orgovernment
license
as
operainspector.
Prepared by Official
Examining Officer
The
author,
E. Sterling!
is RadioU. Inspector
and ExaminingG. Officer,
Radio Division,
S. Dept.
of Commerce. The book has been edited in detail by
Robert
S.
Kruse
for
five
years
Technical
Editor
of QST., the Magazine of the Radio Relay League.
Many other experts assisted them.
16 Chapters Cover: ES^S-KmS:
tors and Generators; Storage Batteries and Charging
Circuits; The Vacuum Tube; Circuits Employed in
Vacuum Tube Transmitters; Modulating Systems;
Wavemeters; Piezo-Electric Oscillators; Wave Traps;
Marine Vacuum Tube Transmit ters; Radio Broadcasting Equipment; Arc Transmitters; Spark Transmitters;
Commercial Radio Receivers; Radio Beacons and Direction Finders; Radio Laws and Regulations; Handling and Abstracting Traffic.
i\ew information as a complete description
Infnvmnitnn never before available such
of the Western Electric 5 Kilowatt Broadcasting Transmitter; description and circuit diagram of Western
Electric Superheterodyne Radio Receiving Outfit type
6004-C; Navy Standard 2-Kilowatt Spark Transmitter;
etc., etc. Every detail up to the minute.
Free Examination
"The Radio Manual" has just been published.
Nearly
pages. Profusely
illustrated.
Flexible 700
Fabrikoid.
The coupon
brings theBound
volumein
for free examination. If you do not agree that it is
the best Radio book you have seen, return it and owe
nothing.
in ten days.If you keep it, send the price of S6.00 withOrder on This Coupon I
D. Van Nostrand Co., Inc.,
8 Warren St., New York
Send me THE RADIO MANUAL for examination. Within ten days after receipt I will
either return the volume or send you S6.00, the
price in full.
(Radio Broadcast 4-2o)
Name
.
St. & No
City and State
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Reception
This lamp is made in numerous
types and styles, which provide
suitable light sources and lightsesnsitive relays for all systems.

List Price, ^7'50
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INFORMATION

SHEETS
By HOWARD

for
Television

Broadcast

E. RHODES

'T'HE ajm 0f the Radio Broadcast Laboratory Information Sheets is to present, in a
convenient form, concise and accurate information in the field of radio and closely
allied sciences. It is not the purpose of the Sheets to include only new information, but
to present practical data, whether new or old, that may be of value to the experimenter, engineer, or serviceman. In order to make the Sheets easier to refer to, they
are arranged so that they may be cut from the magazine and preserved, either in a
blank book or on 4" x 6" filing cards. The cards should be arranged in numerical order.
Since they began, in June, 1926, the popularity of the Information Sheets has increased sogreatly that it has been decided to reprint the first one hundred and ninety
of them (June, 1926-May, 1928) in a single substantially bound volume. This volume,
" Radio Broadcast's Data Sheets," may now be bought on the newsstands, or from the
Circulation Department, Doubleday, Doran & Company, Inc., Garden City, New
York, for $1.00. Inside each volume is a credit coupon which is worth $1.00 toward
the subscription price of this magazine. In other words, a year's subscription to
Radio Broadcast, accompanied by this $1.00 credit coupon, gives you Radio
Broadcast for one year for $3.00, instead of the usual subscription price
$4.00.
-The ofEditor.
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Neutralizing and Compensating R. F. Circuits

for
Television

Sending
This is an extra-sensitive broadcasting tube, supplied in either
hard vacuum or gas-filled types,
and in two sizes of each.
Information and prices on application

TJROBABLY two of the most common tasks
which servicemen are called upon to perform
are the sating
adjustment
the neutralizing
compencondensers in oftuned
r.f. receivers. andThese
tasks
are
exceedingly
important
although
not
especially
difficult.
If a set is not neutralized properly it will oscillate
on some wavelengths, especially down around 200
or 300 meters. Therefore, if a set does oscillate it is
necessary to reneutralize the various stages. This
should be done in an orderly fashion, starting with
the stage nearest the antenna and following with
the other stages in order. Also, all servicemen should
be equipped to perform these adjustments quickly
on all receivers, and in this connection specially
prepared tubes of the types used in r.f. amplifiers,
the 201a, 226, and 227, are a great aid. These tubes
are prepared by cutting off as close to the base as
possible one of the filament prongs, in the case of a
201a- or 226-type tube, and one of the heater prongs
in the case of the 227-type tube.
In adjusting a receiver tune-in a strong local station
broadcasting on some wavelength between 200 and

300 meters,
tuning
the dialstubeto exact
onance. carefully
Then, with the
prepared
placed res-in
the first r.f. socket in place of the good tube, carefully adjust the first neutralizing condenser to that
position which gives the minimum signal from the
loud speaker. Then remove the prepared tube, and
replace the good tube. Now put the prepared tube
in the second r.f. stage and repeat the operation, etc.
The compensating condensers in a receiver are
placed across the main tuning condensers and
function to compensate the slight differences in
capacity between the various stages so that all the
tuned circuits
exactwith
resonance.
sation should will
also bebe indone
the set Compentuned to
some station around 250 meters. When compensating a set it is best to tune-in some weak station, since
slight changes in volume will then be noticeable
more readily. The exact procedure is as follows.
First tune-in a weak signal to maximum volume
and then adjust all the compensating condensers to
give the maximum signal strength Retune the main
dial to the point of maximum volume and then
readjust the compensating condensers again.

/Raytheon
BH\
LONG LIFE RECTIFYING TUBE
No. 274

if
6oBr"Power
Eliminators
Over a hundred different makes
of "B" Eliminators require this
tube, and take no other. There
are millions of them in daily,
satisfaction-giving use.
List Price, $4?-50
Write for further information on any
of this equipment

RAYTHEON
MFG.
CAMBRIDGE, MASS.

CO.
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Rucking Coils in Dynamic Loud Speakers
directly on the moving coil by the flux. Since the
T\/TANY
loudhum
speakers
are equal and opposite they nullify each
-L'l
coils"a.c.to dynamic
reduce the
due tousethe"bucking
use of two effects
and the hum is prevented.
rectified but poorly filtered a.c. to supply the field other
It
is
evident
that the important thing is to get
current. This bucking coil functions as follows.
into thethe moving-coil
that and
will
Referring to the diagram, the bucking coil is nullify
forces
tendingsystem
to makea voltage
the coil move
connected in series with the moving coil and the
hum.
secondary of the coupling transformer. The moving therebyTo produce
Rectifier , ,
coil is. of course, fastened to the diaphragm. The
bucking magnet.
coil is wound around the pole piece of the
electro
Now, since the rectifier supplies to the field a
Winding
pulsating current, it follows that the magnetic
flux produced by this current will also fluctuate.
■< Field
Since the moving coil is in the field of this flux, there
will be a reaction between it and the varying magnetic flux andwould
the have
coil will
tend tofrequency
move — and
movements
the same
as thatits
of the field current. If the diaphragm moves, sound
is produced and as a result we would get an audible
, Bucking Coil
hum. The effect of the pulsating field current is,
however, nullified (more or less) by the bucking coil.
The coil is also in the magnetic field and it, therefore,
Moving Coil
has induced in it a voltage corresponding in frequency to that of the pulsating field current. This
voltage induced in the bucking coil sends a current
around the circuit consisting of the transformer,
the moving
and isthesuch
bucking
coil.effect
The magnitude of this coil,
current
that its
on the
moving coil is equal and opposite to that, produced
^ Paper Cone
• april, 1929

page 412 ®

.RADIO BROADCAST

ADVERTISER.

CELOTEX
baffle boards will not vibrate at any audible
frequency or produce any resonant effects.
Celotex will also prevent reflection of sound
waves.
12 x 12 inches. . $1.00 4 x 4 feet . . $7.50
18 x 18 inches. . . 2.00 6 x 3 feet 9.00
24 x 24 inches . . . 3.00 6 x 4 feet 12.00
36 x 36 inches . . . 4.50 8 x 4 feet 15.00

Engineers
that are competent now
have a new big profitable
field before them —
We invite you to write us for information that
will help you to capitalize on your experience and
knowledge by installing —

Holes cut according to specification
At your jobbers or write to
THE

BAFFLE BOARD
624 Madison Avenue
New York, N. Y.

CO.

Has Your Set "ADENOIDS"?
It can be easily corrected. All it needs
is an "adenoid" operation. Simply
take out the trouble-causing inferior
transformers and replace them with
one of the AmerTran audio systems.
It will make your old set as modern
as any set regardless of price.
See your dealer today

PLUG in a Falck Claroceptor between wall
socket and radio set and eliminate
"static'' from motors, street cars, telephones
and electrical appliances. This new improvement by a pioneer radio parts manufacturer
grounds and thus blocks out line interference
noise and radio frequency disturbances. Also
improves selectivity and distance. Requires
no changes in set. Measures just 3^4 x Sl/2 x
2y2 inches. Thousands now all over America
use the Claroceptor for clearer A. C. reception. Get one right away — at radio parts
dealers. Write for descriptive folder.
$7.50
cordcomplete
and plugwith

AmeiOhan
AMERICAN TRANSFORMER CO.
92 Emmet St.
Newark, N. J.
Transformer Manufacturers For More Than 29 Tears

-No
an Extra
There is t
no choice.
You cally
must <<* <JT&j^v
use Amperit
e to automati
control
variations
in thetubes.
"A" <?&t^&hP"-&*
'
current supply
to your
NT
A type for every tube A. C.
or D. C. $1.10 with mounting
(in U. S. A.) at all dealers.
-^tk&ftiaU Gompany?
Write Dept. RBi
This
symbol
in a radio
FREE
-"Amperite
Blue Book"
diagram
of
modern
circuits
and
means —
valuable construction data •

"SELF-ADJUSTING " Rheostat
HELPFUL TECHNICAL
INFORMATION
A regular feature of Radio Broadcast
is the series of Laboratory Information
Sheets, which cover a wide range of information ofimmediate value to every
radio worker, presented in a form making it easy to preserve them. To insure
your having every issue, send your check
for $4.00 for one year's subscription to
Subscription Department
Doubleday, Doran & Company, Inc.
Garden City, N. Y.

ROBERT
S. KRUSE
Consultant and Technical Writer
103 Meadowbrook Road, West Hartford, Conn.
Telephone Hartford 45327

CLAROCEPTOR
Built by ADVANCE ELECTRIC CO.
1260 W. Sscond St.
Los Angeles, Calif.
JOBBERS and DEALERS, GET OUR PROPOSITION

HOOK-UP

WIRE

At All5raid
DealersSlides Back*
The
25 Feet Stranded
35c
25 Feet Solid
30c
Red, Green, Yellow, Blue, Black
dealerof
*PDprp
"Eid Send
anc] weus the
w;[[ name
send and
you address
a sampleof your
package
Braidite FREE. Include ioc for postage.
CORNISH WIRE CO.
38 Church Street
New York City
> 0 g P Q.QJ2JUL)
.

FOR every radio need, in brushed brass or Bakelite.
Fit standard electrical switch or outlet box. Single
plates and in gang in many combinations.
No. 135— For Loud Speaker gl.OO
No. 136— For Aerial and Ground
1.00
No. 137 — For Battery Connections 2.50
No. 138 — For A C Connections 1.00
(Bakelite, 25c additional per plate)
At Your Jobber's
YAXLEY MFG. CO.
Dept. B, 9 So. Clinton St., Chicago, 111.
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aMPLIOn
Public

Address

We have
forforquick
dress ready
equipment
both installation
indoors andgroup
out adfor
Systems
such places as Hotels, Theatres, Factories, Auditoriums,
Clubs,
Hospitals,
Race
Tracks,
Railroad Depots, County Fairs, Summer Resorts, etc.
Let our engineers help you make more money in
this new field of amplification requiring special
radio equipment. Briefly speaking we have established something new —
A FREE
Service Station
for Radio Engineers
and
that
is — a to-well
department isofjust
our what
businessit just
help organized
you. We
make no charge for this service it is freely given
with
Amplion's
compliments
and
a
background
of 42 years of success in the acoustic field.
We Have Ready
For Immediate Delivery
SPEAKERS
9" Cone Chassis (9^x9^4x7)
^1 5.50
14" Cone Chassis (24^x8^x19^) .. 16.50
16" Cone Chassis (26^x10x22)
17.00
UNITS— balanced armature (4x4x3) .... 8.00
A. C. 100 — Giant Dynamic Air Column
Unit (weight 25 lbs.) (10x8x8) 150.00
Exciter for A. C. 100 unit (field current
supply)
(8x11x6)
30.00
STEP-DOWN
TRANSFORMERS
type .06 (5x6/2x7^)
20.00
type .07 (3x3x3J4)
10.00
HORNS
42" Trumpet (22" bell) (24x24x44).. 25.00
72" Trumpet (74x32x32)
56.00
10 ft. Air Column (60x37x46) 200.00
12Y2 ft. Column (34x48x33)
100.00
15 ft. Air Column (57x57x35) 250.00
MICROPHONE
(9^x9^x7)
100.00
MICROPHONE TRANSFORMER
(3x3x3^) 18.00
AMPLIFIERS
2- stage (210 tubes in P.P. in last
stage) (17x14x9)
125.00
3- Stage
(250
tubes in P.P. in last 175.00
stage)
(22x17x9)
MICROPHONE INPUT AMPLIFIER
A. C. (14x15x9)
110.00
MICROPHONE INPUT AMPLIFIFR
A. C. (15x17x9)
120.00
Amplion Cabinets for Moving Pictures
Cabinets contain 2 turntable electric motors.
Amplion electric pick-up and control board for
fading one piece of music into another, or making instantaneous switches.
P.M.S. 2 std. (30x40x46)
$300.00
P.M.S. portable (12x32x22) 225.00
Phone Record Library
200 Record (14x14x30)
£200.00
250 Record (14x14x30)
250.00
Especially designed for Non-Synchronous Moving Pictures.
We furnish the complete installation or any part
of the equipment as desired.
Write for profitable Amplion proposition
to competent Engineers
AMPLION CORP. OF AMERICA
133 Street
W. 21st.

New York

The Sign of Enduring Quality

JET
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Obtaining Grid Bias
T>OTH B and C potentials for a 171a tube may
*J be obtained
from a orsimple
B-powerto unit
without
adding readily
any resistors
condensers
the
circuit;
nections. it is simply necessary to change a few cona on connections
the sheet shows
ordinarybe B-power
unitSketch
and the
whichan would
made to
it if it were to supply only plate potential to the
171a power tube. Sketch b shows the connections
if it is to supply C potential as well.
In these diagrams it should be noted that the
connection of negative filament
from the regular
of unit has been
B-minus terminal on the»»power
changed to the + 45-volt terminal. With this arB + Power
B+135
B + 90
B+45

Oo
o
o

B-

o-

To Plate
171-A

To FN.

(A)

No. 276

from B-Power Units
rangement the + 45-volt terminal then becomes
B minus, the plus 90 volt terminal becomes plus
45 and so on, each terminal supplying 45 volts less
than it is marked. The regular fi-minus terminal is
now 45 volts lower in potential than the new Bminus terminal, and, therefore, from the regular
B-minus terminal we are able to secure a negative
potential of 45 volts which we can apply to the grid
of the 17lA-type tube. In this way we have, by a
simple circuit change, made it possible to obtain C
bias for the power tube.
Forty-five volts is slightly higher than normal, but
not sufficiently so to affect seriously the output from
the tube. This slightly higher than normal bias will
help to lengthen the life of the
tube.
B+ Power
To ofPlate above
The can
'arrangement
be applieddescribed
only to
171-A
those B-power units capable of
B + 135
supplying
under225loadvolts.
a maximum of about
This
B+90
much voltage is necessary because 180 volts are required on
_1 0 rp.II..
the plateC bias.
and 45With
voltsthisarearrangeused to
B+45
supply
ment 45 volts are obtained from
C~45
the
tap that
90 volts
and normally
90 volts supplied
are ob(B)
tained from the tap that ordinarily supplied 135 volts.
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Simple Two-Way Telephone Set

CeCo

Announced

This Type AC-22
Screen Grid Tube
Five prong tube of the separate heater
type
rent. operating directly on alternating cur— now recognized as the most
outstandingly successful amplifying tube of the season.
CeCo pioneered — and did its
pioneering without the fanfare
of trumpets. But it is pleasing
to know that an increasing
number of radio engineers and
experts look with confidence to
the CeCo laboratories for each
new development in the tube
industry. . . a reward not measured in dollars and profits.

TN THE country friends who live some miles apart
often
wish without
to establish
telephoneof communication channel
the aexpense
installing a
regular pole line. Lieutenant W. H. Wenstrom,
U. S. A., suggests the following simple method of
building such a communication system.
As tory
canSheetbe No.
seen 277fromthethesetdiagram
given initself.
Laborais simplicity
It is
essentially a radio receiving tube (a 199-type tube is
satisfactory)
provided
with
input
and
output
transformers. The best ratios are somewhere around 1:6
for the input and 3:1 for the output. The microdiscarded
telephone
Two phonesetsmay beare,an ofold,course,
required
for one"mike."
communication channel. Due to the economy of apparatus,
radiophone
practice
must
be
used
in
operation. A definite time for communication is arranged
in advance. At this time "A" calls and "B" listens.
When "A" finishes calling, both operators throw
their switches,
then answers
The
procedure
mightand be"B"compared
to two"A."
unusual
people carrying on a conversation where each one
politely waits until the other has finished before he
himself begins.

No. 277

Because two stages of audio-frequency amplification are used in the talking circuit, one at the sending end andB-one at the receiving end, the connecting
wire line may
be very much poorer than a standard
telephone line. Continuous fence wire, or any
medium-resistance metal circuit fairly well insulated from the ground may serve as one conductor,
with the ground as the other conductor.
Paris Required
versed) transformer, 6:l-ratio
1 Audio
1 Audio transformer, 3:l-ratio. (connected re1 Four-pole double-throw switch
11 Microphone,
telephone-type
Pair of headphones
1A 199-type
tube
and socket
battery, fil. ballast
and fil. switch
B battery, 45 volts
The four-pole double-throw switch changes the
set from "send" to "receive." It saves expense by
permitting
the use
of the same tube and transformers for both
operations.

Radio Broadcast Laboratory Information Sheet
Simple Two-Way

Do not miss CeCo's entertaining
radio broadcast each Monday
evening at 8:30 Eastern time
(7:30 Central time) over the
Columbia ^Broadcasting System.
CeCo Mfg. Co.jItlC, Providence, R. I.
Radio
Tuber
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Deadly

as

a

Serpent's
Fi

Play

f

Safe

With

PAR
VOLTS!
from highest grade insulation papers and special foils. Every
VOLTAGE Surges in electric-powered radio strike at filter
detail of manufacture is under the constant supervision
condensers with the lightning speed and deadly
of experts who have devoted many
power of a venomous snake.
Imperfect condensers, improperly
years to the manufacture of condensers for heavy and continuous
rated condensers, non-uniform conindustrial duty.
densers— all break down sooner or
later under the destructive action of
Every Parvolt is tested to
R.M.A.
andN.E.M.A. standards and
voltage overloads. Blown concan be relied upon for accuracy and
densers usually mean blown tubes,
burned out transformers and chokes
CONTINUOUS DUTY. Sold by
and even the destruction of speaker
leading jobbers and dealers.
ACME PARVOLT FILTER CONDENSERS
units.
Made by THE ACME WIRE
are supplied in all standard mfd. capacities for 200. 400.
bOO, 800.
1000.
and
1500
Volt
D.
C.
requirements.
UniWhy take chances with ordinary
CO.,
New Haven, Conn., manufacform height and width for easy stacking. Supplied singly
or in complete Loused blocks for the important puvuer supply
condensers when Acme Parvolts
turers ofmagnet and enameled wire,
units such as Thordarson. Samson and others.
varnished
insulations, coil windings,
ACME
PARVOLT
BY-PASS
CONDENSERS
give you positive protection?
are
supplied
in all standard mfd. capacities and for all
required
voltages.
insullated tubing and radio cables.
These condensers are made only

Acme

Parvolt
Made

Condensers

by the Manufacturers

of

Wire
Hook-up
Celatsite
AcmeENAMELED
CELATSITE
ACME
AERIAL WIRE
FLEXIBLE and SOLID
SPAGHETTI
Enameled copper wire in both stranded and
For all types of radio wiring. High
A superior cambric tubing for all
insulation value; non-inflammable.
solid types. Also Acme Lead-ins, Battery
practical radio and other electrical
Cables^ Indoor and Loop Aerial Wire.
10 colors.
requirements. Supplied in io colors.
THE COUNTRY LIFE PRESS. GARDEN CITY. NEW YORK

Aluminum

Contributes

^Lightness,

Manufacturers of the finest
sets are using Aluminum
in constantly increasing quantities. Their tests have demonstrated that Aluminum is the
one metal that most efficiently
meets the widely differing conditions encountered in radio
design.

Beauty,

Finer

quency amplifier. It makes possible more compact design.

to the
less
weight
the
thanof any
set

jG»iib3ih_5

shielding quality; its "workability"— all are advantages that
combine to make Aluminum the
ideal metal for radio.

It allows the engineer great
freedom to design his shielding
to meet, ideally, the various requirements ofhis set.

In many of the most advanced
receiving sets Aluminum
Shields are used to achieve better
tone quality,

Aluminum is widely used for
variable condenser blades.
Aluminum

is

-----

Alumac Die Castings of Alcoa
Aluminum combine lightness, strength, accuracy and
high conductivity. They have
equal strength with less than
half the weight of other casting
materials. They are used with
complete success for loud speaker frames and bases, condensers
and condenser frames, drum

stages of radio-frequency amplification. Iteliminates modulation of radio frequency stages
by feed-back from audio-fre-

Aluminum Company of America also makes finished condenser blades from this highly
accurate and uniform sheet.

ALUMINUM

COMPANY

dials, chasses — and
even for cabinets.

^ j

"
an
inch
+ .001
ion d
the
total
variat
within one
sheet is limited to .0005 inch.

2464

Aluminum Company of America.

Company of America

trostatic and electro-magnetic
interaction between various

ALUMINUM

s d resers bycently
a proces
develope
by

produces special sheet Aluminum for this purpose that is accurate and uniform beyond anything hitherto attained. Gauge
«^i=fl fESfl /».
tolerance in
thickness

OF

There is a fund of information on the use of
Aluminum inradio,and
on radio in general, in
the new edition of
"Aluminum for Radio." Your
copy of this interesting book
will be mailed on request.

AMERICA

IN EVERY /^g^COMMERCIAL

Oliver Building

rajnr)

Results

34,000 square inches). Terminals
can readily be soldered to Aluminum foil conden-

v •• ' —
it_Jf substitute metal. Moreover, it is easily worked
into special shield shapes — cans,
boxes or casings. Thus it presents few limitations of size and
shape.

Radio

The leading manufacturers of
foil and paper fixed condensers now use Aluminum foil
because of its high electrical
conductivity and its great covering area (a pound of Aluminum
foil .0003 inch thick covers

Aluminum performs these
functions efficiently and adds

Its lightness; its permanent
beauty; the fact that it does not
rust or corrode; its high electrical conductivity; its efficient

greater selec]/\J tivity, closer
tuning — in
short, finer reception.
Aluminum shielding reduces
interference. It eliminates elec-

to

FORM

Pittsburgh,

Pa.

ALUMINUM

cThe

mark,

of

Quality

in

Radio

m

TUNING

UNIT

TYPE

222
I

For

Experimental

the
A NEW

new

NATIONAL Browning-Drake Transformer, together with a new and beautiful
Velvet Vernier Drum dial, Type F, brings out the
good qualities of this highly efficient tube in a
manner that is both pleasing and inspiring to the
experimenter.
Perfectly stable operation is obtained without
the use of cumbersome shields or other energy-absorbing devices.
Quoting Volney D. Hurd, Radio Editor of the Christian
Science Monitor of Boston, in an article published March 7, 1928:
"Then the writer asked for a fivefoot piece of wire and this was connected directly onto the grid of the
shield grid tube. To our pleasant surprise stations still continued to come
in. Chicago and Atlantic City highpowered stations were played on the
loudspeaker with plenty of volume on
• this short antenna, and, of course, the
selectivity was markedly improved."

Use

with

Screen-Grid

Tube

The rigid workmanlike construction of this unit
makes its installation simple and permanent. No
cutting of sub-panel is required. Everything goes
into place with a minimum of fitting and wiring.
You will be agreeably surprised at the efficient
results derived with this tuning-unit when used
with the UX 222 tube.
!5.00
£ist Trice Type 222
. .
~{ Two other types also available }NATIONAL 7180 B
is ideal for the operation of this
unit, because all voltages are adjustable and thus permit accurate
setting for maximum results— and
because of the generous factors of
safety with which all the component parts are built.
Standard JModel
. $40.00
Plus $5.00 for U X 280 or C X 380 tube.

NATIONAL CO. INC. . W. A. READY, Pres., . Sherman, Abbot and Jackson Sts., . MALDEN, MASS.
Gentlemen:
Please send me your new bulletin No. 126-RB.
Name
Address

THE COUNTRY LIFE PRESS, GARDEN CITY, NEW YORK

Issues

for

ubscribe

Special

THIS

Summer

offer gives you Radio

at a reduction.

NOW!

Offer

Broadcast

You need Radio

for the next 8 months

Broadcast

during the summer

as well as in the fall and our offer to send you eight issues, August
to March,
Radio

1929, inclusive is a real bargain.
Broadcast

is and always

has been

and the next eight issues will contain
well-known

writers and

radio engineers.

details of every important
prominently
Besides

featured

in Radio

such

editorial interpretations
of View,"

programs.

of current

from

exclusive

articles by

Exclusive

the

and

complete

has always

been

Broadcast.

as "The

containing

"Strays

in its field

radio achievement

these feature articles Radio

special departments

Point

many

a leader

Broadcast

March

of Radio,"

radio events.

comments

is noted

"The

for its

featuring
Listeners'

and

criticisms

of radio

Laboratory,"

"Readers'
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f

tions"; "As the Broadcaster Sees It," and the Radio Broad/
RADIO
cast Laboratory Information Sheets.
'
If you,
buy or build, make or sell, anything in radio,
/
Garden
CityT
/
New York
v
J
f
Special
August
to
you need Radio Broadcast for the next eight months,
s ' ...
A $2.00 investment for the next eight issues will /
pay

big dividends to the home constructor ana
y
Enclosedn: is two dollars
Gentleme
Sfor which
lS
l
1 t-» j • n
i
i
please send the next
set builder who reads Radio Broadcast.
/ eight issues of Radio Broadcasl
f
commencing with the August issue
of the magazine.
/f
S

Garden

/
BROADCAST
RADIO
City
New York f
*

Name

Don't

Take

Chances

with

Condenser

Breakdown!
"The man who tries to save a
few cents by buying cheap
condensers is always in danger of having to pay out many
dollars for replacement parts.
A cheap condenser is expensive when it brea\s down."

Play

The famous Hammarlund - Roberts, Hi - % Six employs
finest radio manuAmerica's By-Pass
by ten
parts produced
facturers, including
Acmeof Parvolt
Condensers.

Safe

with

THE rapidly increasing use of by -pass and
filter condensers in modern A. C. operated
circuits demands the greatest caution against
poor quality, inaccuracy of rating and nonuniformity in condensers.
Nothing can do so much harm to impair
radio reception or effect such costly
losses in assembled parts as defective or inaccurate condensers.
It is of vital importance to use
condensers of proper ratings, and
to know the ratings actually are
as stated and that all stated ratings
are uniform.
It is vital to use condensers
whose ratings are based upon
CONTINUOUS DUTY.
It is vital to use condensers that

Acme

PARVOLTS!

are made with AT least the overload factor of
safety demanded by the R.M.A. and N.E.M.A.
Condensers which possess these qualities not
only aid quality reception, but overcome the possibility ofbreak-down and heavy losses from ruined
tubes, transformers and other parts... All Acme
Parvolt Condensers are made and
tested to standards of the R.M.A.
and N.E.M.A.
recommended

ACME PARVOLT FILTER CONDENSERS
are supplied in all standard mfd. capacities forIK
200,
400, 600, Uniform
800, IO0O,height
and and1300widthVoltforD.easyC.
requirements.
stacking. Supplied singly or in complete housed
blocks for the important power supply units such
as I'hordarson, Samson and others.
ACME PARVOLT BY-PASS CONDENSERS
are supplied in all standard mfd. capacities and
for all the required working voltages.

Parvolt
Made

They are used and
by leading radio

engineers, designers, service men
and custom-builders everywhere.
Play safe with Parvolts! Made
by THE ACME WIRE CO.,
New Haven, Conn., manufacturers
of magnet and enameled wire, varnished insulations, coil windings,
insulated tubing and radio cables.

Condensers

by the Manufacturers

of

Wire
Hook-up
Gelatsite
Acme
celatsite
enameled
ACME
FLEXIBLE and SOLID
aerial wire
SPAGHETTI
For all types of radio wiring. High
Enameled copper-wire in both stranded and
A superior cambric tubing for all
insulation value;
non-inflammable.
solid types. Also Atme Lead-ins , Battery
10 colors.
practical radio and other electrical
Cables^ Indoor and Loop Aerial Wire.
requirements. Supplied in \Q colors.
THE COUNTRY LIFE PRESS, GARDEN CITY, NEW YORK
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offer gives you Radio

at a reduction.

NOW!
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Broadcast

You need Radio

for the next 8 months

Broadcast

during the summer

as well as in the fall and our offer to send you eight issues, September to April, 1929, inclusive is a real bargain.
Radio

Broadcast

is and

always

has been

and the next eight issues will contain
well-known

writers and radio engineers.

details of every important
prominently
Besides

featured
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such

editorial interpretations
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from

exclusive

articles by
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complete
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A $2.00 investment for the next eight issues will
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Samson

"PAM"

Set, Electric

Amplifier

Phonograph

can

be used

Pick

Up

Type PAM 16 is for
all ordinary types of
loud speakers

with

Radio

or Microphone

Type PAM 1 7 is for and
supplies field current to
dynamic type speakers.

List Price #125.00
Type 16-17 without tubes
ASELF-contained, rugged, all electric, two-stage audio amplifier, with the famous
Symphonic and Symphonic Push-Pull Transformers, uses the new AC tubes and
operates from 1 10 volt 50-60 cycle AC current. Compensation is made for line voltage variation. Designed to meet Underwriters' and AIEE
either dynamic or ordinary type loud speakers as specified.

Standards, and made for

Wide variety of uses make the Samson Pam Amplifier a universal all year ready
seller for:
Electrification of Phonographs
Quality Power Amplifier for Home
Entertainment
Announcement Amplifier
Public and Private Institutions
Incidental Music in Theatres, Lodges, etc.
Beauty Parlors, Shops, etc.

Sampson

ABC

Distribution of Radio Programs to Apartments, Hotel and Hospital Rooms, etc.
Sound Detecting Systems
Dance Music in Tea Rooms, Dancing Schools,
Dance Halls, Restaurants, Cabarets, etc.
Roadside Stands, Filling Stations, etc.
Athletic Contests, Races, Fairs, etc.

Eliminator

Type ABC-71

supplies raw AC filament current from 105, 110, 115, 120
volt, 50-60-cycle power source to five 226, two 227 and
two 171 type tubes. Also supplies B voltages as follows:
30 to 75 volts variable and 90, 135, 180 fixed. C voltages supplied are — 4|, — 9, — 40. This is practically a
constant voltage eliminator, and it has a total capacity
of approximately 70 mils. Tubes required 1-UX 280
and 1-UX 874.
General Offices
CANTON, MASS.

amson(1ep7rl&

Manufacturers since 1882

(q

Factories: Canton and
Watertown, Mass.

J^ko Co

D.

1 E^VT^I INSTRUMEN
TRADE MARK REG. U. S. PAT. OFF.

THE

REASON

IS

C.

OBVIOUS

WHY
SUPREME
HAD

SUCH

AN

ENTHUSIASTIC

SET

TESTERS

GREETING

AT

THE

CHICAGO

SHOW

They are the only instruments giving the much needed tube oscillation tests and the quick
and sharp balancing or re-aligning of condensers is a distinctive feature. Simply plug into the
last stage of audio.
Of course all continuity and olher tests can be made
sets, together with numerous aids to the service man,
with open transformers; scientifically rejuvenating up
denser choke coil outputs on radios not wired for that
service 24 hours a day and other things too numerous

from the radio socket on A. C. or D. C.
such as testing condensers; playing radios
to 12 tubes at a time; demonstrating conpurpose; modulated tube radiator at your
to mention.

We were the originators of the time payment plan for set testers, and have been designing a
loose leaf test book that will be a complete treatise on radio service work. This is also our
original idea.
Don't fail to get your gold button and membership in the Supreme League of radio service men.
FULLY GUARANTEED
DEALERS
SERVICE

JOBBERS
Call on the nearest

AND
MEN

Take advantage of the
$10.00 a month payment
plan and let the Supreme
pay for itself. Your order
will be promptly filled and
you will be delighted with
this instrument. If your
jobber cannot fill your
order send direct to fac-

member of the BurtonRogers sales organization
or write to factory for information, orthe BurtonRogers Co.. 857 Boylston
St.. Boston. Mass.
Better- still, send your
order for an instrument and
see its value.

name. tory with your jobber's
Patents

MODEL 100A SUPREME
THE FIRST AND ONLY

Applied For

SET TESTER
COMPLETE PORTABLE LABORATORY — DE LUXE
Instrument lifts out of travelling case for store use. Fully equipped with instrument, all service
tools and supplies necessary for a man to step out on a job. This case contains compartments
for everything and has a swinging tube shelf designed for instant accessibility, but absolute protection totubes. Under this swinging shelf are felt lined compartments for small tubes, oscilator
coil. etc. Has strong lock and key. Strong leatherette covered case, size 10% x 18 x 7 inches with
leather handle. Polished brass trimming. High resistance meters. Fully guaranteed. Gold button and membership in the Supreme League goes with ownership. A League of service men. Also
continuous use of our Engineering Department to help you in your problems.
Price Complete $98.50 net
Equipped with 0-3. 0-18, 0-150 volt portable A. C. meter with leads, in leather case, $11.00 extra.
We use an external A. C. meter so line voltages can be obtained at any point. This meter becomes
part of the instrument, when plugged in, but any A. C. meter with leads will do.
Installment plan $28.50 cash and 8 monthly payments of $10.00 each. With A. C. meter $29.50
cash and 9 monthly payments of $10.00.
SUPREME

INSTRUMENTS
CORPORATION
GREENWOOD, MISSISSIPPI

A

*T

AM'

'Amplifier

is a Sound
Investment
1000 uses — all seasons

SAMSON Amplifiers are soundly designed to
meet AIEE Standards and requirements of the
National Board of Fire Underwriters; soundly built
of best materials, soundly tested and have shown
sound performance. Nothing has been left to
chance — even the filter condensers are built to our
Pam 16 or 17 uses a 227 tube in first stage and two 210 tubes
in last or output stage. A UX28I half wave rectifier tube is
also required. Price, without tubes. $125.00

rigid specifications to insure long life. Compensation is provided by our exclusive attachment
plug for 105 to 120 volt 50-60 cycle line current
and provision is made for UX 874 voltage regulator
tubes where needed. Pam 16 for ordinary and Pam
17 for dynamic type speakers — for which the latter
also supplies field current — deliver an approximate
undistorted power output of 7 watts — usually
ample for operating 12 to 16 loud speakers or 500
to 700 pairs of headsets.
Pam 19 for magnetic and Pam 20 for dynamic type

Pam 19 or 20 has 227 tube in each of first two stages and two
250 tubes in last or output stage. Two UX281 tubes are also
required. Price, without tubes, $175.00

PAC UX281
2 requires
two 210
tubes tubes.
for last$175.00
stage,
one
and oneone 227UX for874firsttube.stage,Price,
without

speakers — for which it also supplies field current —
deliver from 2^ to 3 times the undistorted power
output of Pams 16 and 17.
Neither Pam nor PAC2 requires an output device between
it and loud speakers due to the use of push pull output
transformers. The PAC 2 is a combined power amplifier
and A, B and C battery eliminator which supplies externally 45, 67 and 90 volts plate current, — 4§ volts C current,
and raw AC for two 227 and five 226 tubes, The MIK 1
is the only completely AC operated amplifier of its kind.
It is designed for use with a standard two button carbon
microphone and supplies current for it. The output terminals connect directly to the input terminals of any PAM
amplifier. It has volume control and microphone rheostat
— which with switch and miiliameter permits quick balancing of button currents. The MIK 1 uses the same high
quality microphone input transformer that we supply to
many of this country's better class broadcast stations.
Like all the foregoing units it has a combination of
famous Samson Symphonic and Samson Symphonic Push
Pul! Transformers in its amplifier.
Send for 'Bulletin No. RH on all the above
Factories: Can-

General Offices
Canton, Mass.
MIK I requires one 227 tube in each of two stages, and one
UX 280 full wave rectifier tube. Price, without tubes. $ 135.00

O/, tontown,
and Mass.
WaterManufacturers since 1882

A

PROMISE

EULEILLED^S^

fTiiE IVew Aero Kits are complete
to the last detail with panels
drilled and all parts included.
Large blueprints are furnished
so that no skill is required to
build a receiver that is superior
to any manufactured set.
The lew 1929 Aero Green Book
describes 25 Receivers and Transmitters— everything from a onetube Short Wave Adapter to the
Aero Seven — for A. C, D. C, and
Shield Grid Tubes. Send for your
copy today.
R D Pilil
(■IfJ*5^
INCORPORATED 'aH
Dept. 547S,4611 E. Rarenswood Ave., Chicago, 111.

LCD
SHORT

WAVE

AND

BECARCAST

BUILDING

RECEIVERS

AND

SECRT

WAVE

TRANSMITTERS

M\GN\\OX

DptamtC

SPEAKERS

First place in realism . . . extreme
fidelity
accorded

* FIRST

Heverly Model
Gracefully proportioned cabinet
finished in light mahogany.
For A-Battery Operation .... 555
For A C Operation $70
Other floor and table models up to $175.
Units only; DC $}5; AC $50.

of reproduction
Magnavox

... is

Dynamic

Speaker by fourteen makers of
fine radio sets. They use it as

SPEAKER
FIRST

built-in equipment to assure
rich,undistorted reproduction

DYNAMIC"

with

DYliMIC

great volume.

Oakland, California

Chicago, Illinois.
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You
U

INTERNATIONAL
Short Wave Receiver
This is the first receiver designed
exclusively
for Broadcast
short waveprograms
broadcast reception.
on short waves are remarkably
clear and free from static. You can
receive them on the Aero International. There is only one tuning
control and the set is extremely
easy to operate. The complete kit
includes everything necessary to
put ingtheanother
set together
spendcent. Fullwithout
size pictorial
wiring diagrams make assembly
easy. Price.
.$55.30

Better

Can
I

L

Than

D

You

Can

BUY

Filament Transformers
Aero Filament Transformers are
especially
so that
will furnishdesigned
power for
6 UY they
227
tubes
without
any
variation.
This
transformer will also supply power
for 2 UX171-A tubes. This is
equipped
with attachment.
a 6-foot cord and
plug
for ready
Price
$7.00

STANDARD
Short Wave Receiver
The Aero
Three-Tube
Short
Wave Standard
Receiver for
either A.
C, or D. C, tubes utilizes a regenerative circuit which has been
proven by years of excellent results
in the hands of amateur operators.
The same special audio amplifier
is supplied as is used in the Aero
"Chronophase"
and otherso high
grade
broadcast receivers,
that
excellent quality can be assured
when receiving far-distant stations. Kit is complete with nothing else to purchase. Price $49.95

Universal
Broadcast Receiving Coils
Aero cast
Universal
for broadreception, Coils,
will make
any
circuit better in selectivity, tone
and range. All coils are twice
matched at both ends of the broadcast band and thus absolute uniis assured.
Mayforbeusepur-in
chasedformity singly
or in kits
every type of circuit.

Aero

INTERNATIONAL
Short Wave Converter
You can receive short-wave programs on your present broadcast
receiver by merely plugging the
Aero International Short Wave
Converter into the detector socket.
It will add thousands of miles to
the range of your receiver. Kit is
complete and pictorial diagrams
make wiring easy. Price $38.90

Short Wave Transmitter
For either the man who wishes to
buildterhisand become
first low-power
initiatedtransmitin the
mysteries
of
"round
the
world"
communication,
or for
dyed-to
in-the-wool amateur
who thewants
purchase all the parts for a high
powered installation from one
source. Aero Transmitter Kits offer
a means of obtaining reliable parts
in a circuit in which all constants
are properly coordinated.

Audio Transformers
Aero Audio Frequency Transformers
utilize a limited
type of construction formers
heretofore
to transused in the
line amplifiers
of broadcasting stations and now
madefirstavailable
to the
for
the
time. They
will public
positively
give better results than any other
audio transformer on the market.
Type A. E. 770. Price $6.00

"CHRONOPHASE"
Here is a new five-tube receiver that sets a new standard for sensitivity, selectivity and tone quality. The new "Chronophase" principle of radio frequency amplification — the newest achievement of
Aero engineers — means a range of two thousand miles under good
conditions. And new audio transformers — the same as are used in
some broadcasting stations — produce a fidelity of tone that is truly
surprising. Either Shield Grid, A. C. or D. C., tubes may be used.
You can easily assemble this receiver in one evening and have a
receiver that is, in every way, vastly superior to the finest factorybuilt set at anywhere near the same price.
Kit is Complete
No expense has been spared to make this kit the finest you can buy.
A two-tone metal cabinet, high-lighted with silver, sets off a handsome escutcheon plate of oxidized silver, beautifully engraved. The
foundation unit includes everything down to screws, wire and solder
leaving nothing additional to be purchased. Full sized pictorial
wiring diagrams make assembly easy.
Price with Cabinet
$74.50
Price without Cabinet but with drilled and
engraved Front Panel
$68.55
State what kind of tubes you intend to use.
The new 1929 Aero Green Book contains 25 circuits
for receivers
transm.tters
for for
A. your
C, D.copy.
C,
and
Shield Gridandtubes.
Send 25 —cents
;rd
INCORprddui
POR AT ED
Dept. 288, 4611 E. Ravenswood

Ave., Chicago, 111.

Interchangeable
Short Wave Receiving Coils
Aero Interchangeable Coils have
won a world-wide reputation because of their general
superiorsturdiness
low-loss
construction,
and excellent electrical characteristics. These coils are of the plugin typepleteandtuningarekits.
furnished
comWave aslengths
from 16.5 to 89.5 meters are covered by these kits.

No-Skip Choke Coils
Modern circuits of high sensitivity
demand the use of radio frequency
chokes in certain parts of the
circuit. The Aero No-Skip Choke
is designed to have a uniform
choking action over a wide range
of wavecast lengths,
bands and including
Amateur BroadShort
Wave bands as well. Many chokes
have an unpleasant characteristic
of showing
so-calledThis"holes"
the
tuning range.
fault inis
entirely eliminated in the Aero
No-Skip Choke Coil.

MAGNAVOXlg^^/if

The Cordova
110 volt, 60 cycle AC. Combining rectifier and power
amplifier. Takes place of last
audio stage in set. Handsome
walnut cabinet. List $175.

SPEAKERS

Only a dynamic speaker can give
you studio realism . . . the rich, full,
undistorted beauty of music . . . with
power volume.
Credit Magnavox for this advance in
radio. Magnavox created and sponsored
the Dynamic.

Half a million owners

now
The Heverly
Gracefully proportioned cabinet
finished in light mahogany.
For AC
A-Batlerv
Operation. . . .$50
For
Operation
$60
Units only; DC $30; AC $40.

enjoy Magnavox speakers. Leading set manufacturers use them as builtin equipment. Let these facts guide you.
283
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PAM

Amplifier

Bring the game straight into your home — all its thrilling moments; the cheers; the
between-halves music. And all so clearly, so perfectly reproduced that never is there any
sense of straining your ears to avoid missing something.
You can control the reception from a whisper to a "volume magnificent," from normal
room volume to that which neighbors blocks away can easily understand. Or supply the
game to a number of speakers or headphones in apartment houses, hospitals, hotels, etc.
PAM 16 and PAM 17 are alike with one exception and will work with any type speaker.
PAM 17 in addition to being an amplifier supplies field current to D. C. dynamic speakers
which are designed to have their field energized by 90 to 165 volts direct current. Both
are built in accordance with AIEE Standards and Underwriters' Requirements. These amplifiers are completely AC operated and are designed to run from 105-120 volt, 50-60 cycle
AC lighting circuits.
Send for handsome folder RB 2 describing the above and other Samson PAM
which are also a "Sound Investment."

General Offices:
Canton, Mass.

Amplifiers

MAGNAVOX

DjtoanttC"

SPEAKERS

The Christmas
• . is in theSpirit
air!

<JMany
have

Dynamics

sprung

from

but

all

Magnavox—

the original— the kind

used

by

leading set manufacturers— the
dependable one for you to buy.
Rich,

full reproduction

sweeping
tone

volume

with

0 . . . every

vividly distinct.

Ufie Beli<edere
Two-tone walnut floot screen
For A-Battery Operation . $45
For AC Operation . ... $55
Chicago, Illinois

Vni's only; DC $30; AC $40
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AC

Electric

GEMBOX

6S

CROSLEY
POWER
DYNACONE

The 8 tube AC Electric
SHOWBOX-$80
Genuine
circuitwith
— pushpull
audioNeutrodyne
amplification
two
1trouble
7 1 power
tubes
on
last
stage — proof Mershon condenser
supplying full (80 volts CONSTANTLY — modern illuminated
dial — (7 tubes, radio, detector,
audio stages, and 1 rectifier. 8 in
all1 — operating dynamic type power
speaker — unbeatable in performance
and value offered — $80.

•-gives
no
condenser
trouble
The higher the voltage the better the reception. Crosley has designed this set to stand maximum power supplied CONTINUOUSLY. Celebr ated Mershon Condensers used in the power supply section do NOT BREAK
down. If they should be punctured they are self-healing. Paper condensers constantly break down and the
only safeguard is to reduce power which reduces enjoyment of your radio.

•operates
power
speaker
The popular dynamic quality of radio reception is attained in the new power CROSLEY DYNACONE. This
speaker like its predecessor has created a tremendous demand because of its wonderful performance at so low
a price. The range of true notes on this new speaker has been greatly increased over accepted standards.
Crosley Battery Type Sets
embody superior models of
new AC models
The 6 tube BANDBOX operates
the DYNACONE. new Crosley dynamic type speaker. Price $55.
The 5 tube BANDBOX Jr.. is a
dry cell set very easy on batteries
and operates loud speaker. Price $35.

-uses
famous
Neutrodyne
circuit
This well known and preferred radio circuit is introduced into this inexpensive radio that you may possess
the BEST possible apparatus for receiving radio programs. This with other Crosley features permits you a
degree of selectivity and sensitivity that many a radio at twice and three times the $65 price of this set will
never have.
•embodies
latest radio improvements
Modern illuminated dial for dark corners — is easy to read especially these days of hunting about for station
reallocations. The rich gold highlighted brown case is both an attractive container and an efficient shield.
Everything about this amazing set is NEW, UP-TO-DATE! Enormous demand — mass production — straight
line assembly — enables Crosley to top the radio world with this unmatchable value this season!
THE

CROSLEY
RADIO
CORPORATION
POWEL CROSLEY, JR., Pres.
Cincinnati, Ohio
Department 20
Prices quoted are without tubes.
Montana, Wyoming, Colorado, New Mexico and West,
prices slightly higher.

WITH

A

CR

'When

barmen

the

slnqs

gag

Wabanera

* f <

perfected to entirely subordinate itself so that you can listen with pleasure unalloyed, transported beyond
your fireside to the magical realm of
ecstacy. Thus, through the wizardry

FOR the devotees seated at the
Opera, and for you, lounging at
your fireside, the same inspired Carmen pours forth her soul in song. If
it is an Arborphone that brings you
the Habanera, you are as much under
the spell of the music and song as

of Arborphone' s new circuit, the true
goal of radio reception is achieved:
clear, undistorted and without the
least intrusion upon your reveries.
And it is that
which is doing
more to put
Arborphone
into fastidious
homes than any

loud shouting of
they who sit in Carmen's presence.
claims
could do.
For Arborphone, the new, has been
Arborphone Div., Consolidated Radio Corporation
206 East Washington Street, Ann Arbor, Michigan

ARBORPHONE
(2*111

^You

Can

cfisk
of
a
Radio
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AC

Electric

GEMBOX

CROSLEY
POWER
DYNACONE

The 8 tube AC Electric
SHOWBOX— $80
Genuine
circuitwith
— pushpull audioNeutrodyne
amplification
two
1trouble
7 1 power
tubes
on
last
stage —
proof Mershon condenser
supplying full 180 volts CONSTANTLY — modern illuminated
dial
(7 tubes,
detector,
audio— stages,
and radio,
1 rectifier,
8 in
air — operating dynamic type power
speaker — unbeatable in performance
and value offered— $80.

•-gives
no
condenser
trouble
The higher the voltage the better the reception. Crosley has designed this set to stand maximum power supplied CONTINUOUSLY. Celebrated Mershon Condensers used in the power supply section do NOT BREAK
down. If they should be punctured they are self-healing. Paper condensers constantly break down and the
only safeguard is to reduce power which reduces enjoyment of your radio.

• operates
power
speaker
The popular dynamic quality of radio reception is attained in the new power CROSLEY DYNACONE. This
speaker like its predecessor has created a tremendous demand because of its wonderful performance at so low
a price. The range of true notes on this new speaker has been greatly increased over accepted standards.
Crosley Battery Type Sets
embody superior models of
new AC models
The 6 tube BANDBOX operates
the DYNACONE, new Crosley dynamic type speaker. Price $55.
The 5 tube BANDBOX Jr., is a
dry cell set very easy on batteries
and operates loud speaker. Price $35.

• uses
famous
Neutrodyne
circuit
This well known and preferred radio circuit is introduced into this inexpensive radio that you may possess
the BEST possible apparatus for receiving radio programs. This with other Crosley features permits you a
degree of selectivity and sensitivity that many a radio at twice and three times the $65 price of this set will
never have.
•embodies
latest radio improvements
Modern illuminated dial for dark corners — is easy to read especially these days of hunting about for station
reallocations. The rich gold highlighted brown case is both an attractive container and an efficient shield.
Everything about this amazing set is NEW. UP-TO-DATE! Enormous demand — mass production — straight
line assembly — enables Crosley to top the radio world with this unmatchable value this season!
THE

CROSLEY
RADIO
CORPORATION
POWEL CROSLEY, JR., Pres.
Cincinnati, Ohio
Department 20
Prices quoted are without tubes,
Montana, Wyoming, Colorado, New Mexico and West,
prices slightly higher.
WE
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a
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PAM 16 or 17
List Price, without tubes, #125.00

Here's

a

Seat

Enjoy your favorite orchestra as if it were
present; recreate the renditions of famous
artists so nothing is left for the ear to desire,
and perfect the "atmosphere" of beautiful
surroundings — by using the Samson PAM
Amplifier.
A phonograph or a radio set may be used in
conjunction with these amplifiers, to produce
music in one or many rooms — or out-of-doors.
And remember — wide awake cabaret owners are
using PAM amplifiers to produce music and
more business in their restaurants.

at

the

Cabaret

The PAM-17 is identical with the PAM-16
except that it furnishes in addition field current
for a dynamic speaker designed to have its field
energized by 90 to 165 volts direct current.
For all other types of speakers, including
dynamics, having their field energized from storage battery or AC 110 volt 60 cycle, use the
PAM-16. Both amplifiers are designed to
operate from 105 to 120 volts 50 or 60 cycles AC.
Send for handsome folder RB4 describing the
above and other Samson PAM Amplifiers
which are also a "Sound Investment."

Factories at Canton

Main Office:
Canton, Mass.

and Watertown, Mass.
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Supreme

yBuilt

■T

Musical

cTofTr%ceed

Performance

~

(yoiir' Expectations''

IS significant that the
manufacturers of the

world's finest radio receivers
have almost universally
turned

to Thordarson

for

their power supply
audio transformers.
Thordarson

power

and

sup-

ply transformers exhibit an
efficiency

of

design,

abundance

of power

constancy

of performance

that practically

and

an
a

eliminates

the necessity for service calls.
Thordarson

audio

trans-

formers provide a fidelity of
tonal reproduction that renders the finished receiver a
musical

instrument

of the

Thordarson products have been chosen for
incorporation in Federal Ortho-Sonic Radio
Sets because uie have always been certain
that we would receive a quality of product
entirely in keeping with the high standard
set by us for Federal receivers.

highest calibre.
President, Federal Radio Corporation

If you seek the ultimate in
radio performance, insist on
Thordarson transformers.
THORDARSON ELECTRIC MFG. CO.
Transformer Specialists Since 1895
Huron, Kingsbury and Larrabee Streets
CHICAGO, ILL.
SUPREME

I N

THORDARSON
TRANSFORMERS
MUSICAL

PERFORMANCE

Price, without tubes, $175.00

Set

the

Pace

a

with

"PAM"

Bang! They're off like a flash and at Tia Juana (pictured above)
the spectators, wherever located about the track, know the whole
story because they are informed by means

of a PAM

Every race track is a prospect for you and remember

19 and MIK

1.

this is but one of

a thousand applications for "PAM" amplifiers which are keeping professional set builders and service men busy throughout this country.

There is no closed season
Send for handsome
Samson

PAM

for "PAM"

folder RB5

Amplifiers.

describing the above

Amplifiers which are also a "Sound

Main Office:
CANTON,

MASS.

and other

Investment."

Factories at
CANTON

and WATERTOWN,

Manufacturers Since 1882

THE COUNTRY LIFE PRESS. GARDEN CITY, NEW YORK

MASS.

The

installation,

and

the

the

dealer

PRODUCT

Foreseeing the business possibilities of
educational broadcasts, Harold Batchelder, proprietor of the Garden City
Radio

Company, Newtonville, Massachusetts, installed in the Frank A. Day

Junior High School, Newtonville,

a re-

ceiving set and "PAM" amplifier, which
proved to be the forerunner of many
other school installations he has made.
Other

radio dealers have foreseen the

possibilities of "PAM" amplifiers not
only for this use, but for many other purposes, and are working hard on this
PAM 16 or 17. List Price
without tubes, $125.00

profit-making non seasonal item.
What

The PAM-17 is identical with the PAM-16 except that
a dynamic speaker designed to have its field energized
other types of speakers, including dynamics, having
or AG 110-volt, 60-cycle, use the PAM-16. Both
to 120 volts, 50 or 60 cycles AG.

do you foresee?

it furnishes in addition field current for
by 90 to 165 volts direct current. For all
their field energized from storage battery
amplifiers are designed to operate from 105

Write for handsome folder R B-6 describing the above and other PAM
Amplifiers which are also a "Sound Investment."

Main

Office:

Factories at Canton
and Watertown, Mass.

A Radiotron
for every purpose
RADIOTRON
UX-201-A
Detector Amplifier
RADIOTRON
UV-199
Detector Amplifier
RADIOTRON
UX-199
Detector Amplifier
RADIOTRON
WD-11
Detector Amplifier
RADIOTRON
WX-12
Detector Amplifier
RADIOTRON
UX-200-A
Detector Only

A L F II E It H . G II E B E
"In r«'|ihi«-in^ worn vacuum tubcK we strongly advise ull
owners of t.rcbc llcceiving sets lo use Kt A Itndiotrons.
Our laburalurv tests liave proved that (bey give the
best resulls with t.rebc instruments.9'

RADIOTRON
UX-120
Power
AudioAmplifier
Stage Onlyh<xst
RADIOTRON
UX-222
Screen Grid Radio
Frequency Amplifier
RADIOTRON
UX-112-A
Power Amplifier

The national magazine
advertisement reproduced atthe left is one
of the 1929 Radiotron
series, each of which
carries the signature
<*f
a leading radio
manufacturer.

I ■• -i for forlaboratory
le.-ta ju.Iby furall initial
equipment
andradio
stronghWU, rnum;
mended
replacement
maker,,
of <|ualiiy
RadioLruo?
will
improve
the
reception
of
jour
set.
When
need RCA
newio
tube? do not put Uiem in with old oDe>. Put a new RCA youRadiotron
every socket and notice the difference in performance.

RADIOTRON
UX-171-A
Power
AudioAmplifier
Stage OnlyLast
RADIOTRON UX-210
Power Amplifier Oscillator
RADIOTRON
Detector AmplifierUX-240
for
Resistance-coupled
Amplification
RADIOTRON UX-258
Power Amplifier
RADIOTRON
A.C. FilamentUX-226
RADIOTRON
A.C. HeaterUY-227

Make

the occasional

a regular

tube

by showing

customer

him

that you

RADIOTRON UX-280
fuli- B ote Rectifier
RADIOTRON UX-281
Half-Watt Rectifier
1ADIOTRON
Voltage RegulatorUX-874
Tube

carry the full line of RCA Radiotrons
—and are never out of stock. A ratlio

f'ADIOTRON
Ballast TubeUV-876
RADIOTRON
Ballast TubeUV-886

time

customer

shopping

for tubes

The standard by
which other vacuum
twes are rated

can

who

has

had

from

to waste

dealer

to dealer

is glad to find a store

always

be depended

his

upon

stocked with the complete
RCA Radiotrons.

that
to be

line of

Superior resources of research and manufacturing guarantee to
RCA Radiotrons the finest possible cruality in vacuum tubes.
They are the standard of the industry — and so accepted by both
the trade and the public.

Look for this mark
on every Radiotron

RADIO

CORPORATION OF AMERICA

A
ADIOTKONS

- New York - Chicago - Atlanta

- Dallas - San Francisco

RAIMOTROr
ARE

THE

HEART

OF

YOUR
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