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PREFACE 

One of the characteristics of the radio industry is the constant improvement 
in the design of receivers which advances their performance. This has been most 
noticeable in the receivers which have been marketed since the conclusion of the 
war. There seems to be little doubt that the vast amount of research that was car- 
ried on during the period of conflict is reflected to a certain extent in much of the 
present-day receiving equipment. 

From the point of view of the man who traces out the troubles in a set and 
repairs them, innovations in electrical and mechanical design present a two -fold 
problem. Not only must he learn the electronic theory underlying the new fea- 
tures and their manner of functioning, but he must acquaint himself with the 
mechanical construction and operation of numerous other new gadgets. He must 
recognize the fact that an apparently forgotten unsoldered end of wire nestling 
beside a coil is not an oversight on the part of someone in the manufacturer's as- 

sembly line, but a capacitor; he must learn that capacitors are concealed within 
the base of some i -f transformers and that they are not only trimmers but fixed 

capacitances which have plates that are in common with the trimmers and why 
they are there, and so on ad infinitum. 

It is the purpose of this book to present to the users of Rider's Volume XV 
some of the ingenious brain children of American radio receiver design engineers. 
When it was felt that some theoretical background was necessary for a better un- 
derstanding of the problems and their solutions, the fundamentals of the subject 
have been briefly covered and these basic matters applied to the new problems. 
In practically every instance receivers covered in Rider's Volume XV have been 
used as illustrations, either electrical or mechanical; in those instances where 
other circuits have been considered, they were chosen because it was thought 
that they were trends with which the radio repairman should be familiar. 

Credit for the preparation of this text is extended to 
Seymour D. Uslan, B.S. in Physics, E.E. (A.S.T.P.) 
Stanley B. Schlenger, B.A. 

Richard F. Koch, B.A. in Physics 
Seymour Mausner, B.A. 

all of whom are members of the John F. Rider Publisher, Inc. staff. Grammatical 
editing was accomplished by G.C.B. Rowe and the illustrations were prepared 
under the direction of L. D. Prior. 

JOHN F. RIDER 

www.americanradiohistory.com



TABLE OF CONTENTS 

ALIGNING WITHOUT 
MANUFACTURER'S DATA 1 

Determining Unknown I -F Peaks - 1. De- 
termining Frequency of R -F Circuits - 2. 
Locating Trimmers - 3. Correcting Dial 
Calibration - 3. Checking Oscillator Fre- 
quency - 4. Determining Wave -Trap Fre- 
quency -5. High -Frequency Alignment -5. 
High -Fidelity Bandpass Response -6. Align- 
ing Triple -Tuned I -F Transformer - 7. Re- 
sistance Loaded I -F Transformers -7. Align- 
ing Detuned I -F Transformers -8. Variable 
Selectivity I -F Transformers -8. The Low - 
Frequency Oscillator Adjustment, "Rock- 
ing" -9. Alignment Coupling Methods -10. 

THE DOUBLE SUPERHETERODYNE 14 

Alignment - 15. Why the Double Super- 
heterodyne is Used - 15. Difficulties En- 
countered - 16. Causes of "Ghosts" -17. 
G. E. Translator, Type JFM90-18. A Fixed 
Frequency Oscillator - 19. Double Super- 
heterodyne with a Super -Regenerative Sec- 
ond Detector -19. An AM -FM Double 
Superheterodyne - 20. 

HOME RECORDING FEATURES 23 

RECORDIO MODELS 6B SERIES, Record Radio - 
23. Switching Features - 24. Monitoring 
the Audio Signal -24. Record Microphone - 
25. Tracing the Audio Signal -26. PACKARD 
BELL PHONOCORD MODEL 1052 - 26. Vol- 
ume Compression -27. Radio Record Posi- 
tion -28. The Volume Compression Circuit - 
29. Microphone Record - 30. Mixed Pro- 
gram - 31. SPIEGEL MODEL TR -640 - 33. 

BIASING METHODS 35 

Garod Model 6DPS8 - 36. Howard Model 
920 - 36. Goodrich Model R643W, Stewart 
Warner Model 62T16, Galvin Model 10T-36. 
Remler Model MP5-5-3 - 37. RCA Model 
56X-5 - 38. 

NEUTRALIZATION 39 

Interelectrode Capacitances - 39. Space 

Charge Coupling - 40. G. E. Model X-181 
Series -41. Montgomery Ward Model 54WG- 
2500A-41. Montgomery Ward Model 93WG- 
800 - 42. 

PARASITIC RESISTORS 43 

Bendix Model 736B-44. Detrola Model 568 
-44. Pilot Model T-511-44. Zenith Model 
9H079-45. G. E. Model X-181-45. West- 
inghouse Model H-104-45. 

GENERAL DISCUSSION OF 
SUPERHETERODYNE OSCILLATORS 47 

Image Frequency -47. OSCILLATOR CIRCUITS - 48. "Feedback" or Regeneration - 48. 
Limitation of Losses -49. Oscillator Tubes - 
49. The Tank Circuit -50. Analysis of the 
Tank Circuit -50. The Tickler Coil Oscil- 
lator -51. The Hartley Oscillator -52. The 
Colpitts Oscillator -53. Galvin Model 405- 
53. Stewart Warner Models 72CR16 and 
62T16-55. Lear Model 6614-56. Crosley 
Model 46FA-57. Detrola Model 420 Series 
-58. Spiegel Model 433-59. RCA Model 
56X-59. Stewart Warner Model 61TR36- 
60. Stromberg Carlson Models 1020, 1120- 
61. RCA Model 56X10-61. Stewart Warner 
Model 9001C-63. Noms ON OSCILLATOR 
TESTS. Superheterodyne Oscillator Signal 
Voltage -64. Testing Superheterodyne Os- 
cillators -64. Hum and Other Troubles -65. 

TUNING ASSEMBLIES 67 

Admiral Model 6A1-67. Belmont Model 
8A59-67. Ray -Energy Model AD -4-69. 
Zenith Model 8H032-69. Galvin Model FD6 
-70. Tuning of the Receiver -72. 

CONTROL CIRCUITS 73 

Chevrolet Model 985986-73. Detrola Model 
571X-73. Pilot Model T-500-74. Buick 
Model 980745-74. Chevrolet Model 985986 
Tone Control -75. Crosley Model 66CA-76. 
Motorola Model CR6-77. Goodrich Model 
664PM-77. Hoffman Model A-501-77. 
Magnavox Model CR -187-78. Packard Bell 

www.americanradiohistory.com



Model 1052-79. Automatic Volume Ex- 
pansion - 80. Philco Model 46-1201- 81. 
OSCILLATOR BIAS CONTROL -81. Sears Roe- 
buck Model 6092-82. 

"GIMMICKS" 84 

RCA Model 55F, Firestone Model 7398-9 
-85. Emerson Model 506-86. Dewald Mod- 
el A602-86. Espey Model XFJ-97-87. 
Detrola Model 571X-88. Spiegel Model 433 
-88. Crosley Model 56FA-89. Firestone 
Model 4A24-90. Montgomery Ward Model 
54WG-2700A-90. Galvin Model 65L11-91. 
Farnsworth Model CT -060-91. 

FILTERING ACTION 93 

Magnavox Model CR -187-94. Emerson 
Model 506-95. Olympic Model 6 -501W -V- 
95. Espey Model 581-96. Howard Model 
901-A-96. 

RADIO -FREQUENCY COUPLING 98 

Series Resonance -98. Parallel Resonance - 
100. "Q" or Figure of Merit -102. SELEC- 
TIVITY CHARACTERISTICS -103. Effect of Re- 
sistance on a Series Tuned Circuit -103. 
Effect of Resistance on a Parallel Tuned Cir- 
cuit -104. Self -Inductance and Mutual In- 
ductance -105. Reflected Impedance -107. 
RESISTANCE -CAPACITANCE COUPLING - 108. 
(A) The Plate Load Resistance Rb -110. (B) 
The Grid -Leak Resistor Re -110. (C) The 
Coupling Capacitor Cb-111. The Time Con- 
stant -111. GAIN MATHEMATICS -112. Gain 
of an R -C Coupled Amplifier -112. Gain of 
a Transformer Coupled Amplifier -113. Mo- 
torola Model 39B-2-114. Admiral Model 
6E1-114. Zenith Model 6G001-115. Globe 
Model 62-117. Zenith Model 7ML080-118. 
HIGH -FREQUENCY COMPENSATION ADAPTED 
TO BROADCAST -SW RECEPTION IN G. E. MODEL 
321 (EARLY) AND ESPEY MODEL RR -13L- 
120. Shunt Peaking -123. Series Peaking 
-126. 

MECHANICAL ARRANGEMENTS OF I.F. 
TRANSFORMERS IN RECENT 
RECEIVERS 132 

Construction -132. I -F Rejection Filter 
Combined with I -F Transformers -133. 

FEEDBACK IN AMPLIFIERS 137 

Phase and Phase Relationships -137. Some 
Advantages and Disadvantages of Feedback 
-139. Hoffman Model A301-142. Zenith 
Model 6D014-143. Olympic Model 6-617- 
145. Sears Roebuck Model 6100-146. 

PHASE INVERSION IN PUSH-PULL 
AMPLIFIERS 147 

Phase Inversion Action -148. Motorola Mod- 
el CR6-150. Spiegel Model W-106-150. 
Zenith Model 12HO90-151. RCA Model Q34 
-152. Brunswick Model BJ6836-152. G. E. 
Model X181, Two Types of Coupling Used - 
154. Sparton Model 7-46-154. Minerva Mod- 
el W-117-3-155. Testing Phase Inverters - 
157. Increased Audio Power Output from 
Push -Pull Operation -157. Effects of Input 
Signals -158. 

F -M CIRCUIT FEATURES 161 

Differences Between A.M. and F.M.-161. 
The F -M Superheterodyne -162. Function 
of R -F Tuned Circuits in F -M Receivers - 
163. Mixer and Oscillator Functions -164. 
Oscillator Drift in F -M Receivers -164. The 
I -F Amplifier in F -M Receivers -165. I -F 
Transformers in Series -166. The Limiter - 
166. The Two -Stage Limiter -168. Limiter 
Action Summarized -169. The Discriminator 
or Frequency Demodulator -169. The I -F 
Transformer -170. The Diode Circuit -171. 
I -F Transformer Action -172. What Hap- 
pens at Resonance -172. What Happens 
When the I.F. Is High -175. What Hap- 
pens When the I.F. Is Low -176. The Effect 
of Amplitude Modulation -177. The Ratio 
Detector -178. Removal of Amplitude Modu- 
lation -180. AVC From the Ratio Detector - 
180. Ratio Detectors in Today's Receivers - 
180. Alignment of Ratio Detectors -180. 

www.americanradiohistory.com



HOW IT WORKS 

www.americanradiohistory.com



ALIGNING WITHOUT MANUFACTURER'S DATA 

This section will explain how a conventional 
a -m superheterodyne receiver, for which no 
manufacturer's alignment data are available, 
can be aligned. The first step is to obtain the 
necessary data by means of various measure- 
ments on the receiver. Once these data are 
obtained, the receiver is aligned in the conven- 
tional manner. For purposes of illustration, it 
will be assumed that no circuit schematic is 
available. 

The data required for alignment consist of 
the following : 

1. Locations and adjustment frequency of 
i -f trimmers. 

2. Location and adjustment frequency of 
wave trap. 

3. Locations and adjustment frequencies of 
the oscillator shunt trimmers for the 
various bands. 

4. Locations and adjustment frequencies of 
the oscillator series padders for the 
various bands. 

5. Locations and adjustment frequencies of 
the mixer and r -f trimmers for the 
various bands. 

Usually, the amplifier trimmer capacitors 
are mounted in the i -f coil cans. Where iron - 
core trimmer coil slugs are used, they will be 
found in their respective coils. In straight a -m 
receivers (no f -m), where the i -f transformer 
includes a trimmer capacitor (generally having 
a slotted screw head projecting through the 
can top) and a trimmer coil slug (generally 
having a slotted brass screw projecting through 
and centrally located on the can top), the coil 
slug will most commonly be the alignment ad- 
justment for the transformer primary while 
the trimmer capacitor will be the transformer 
secondary alignment adjustment. This should 
be checked by resistance measurements. 

Determining Unknown I -F Peaks 

One of several methods of determining the 
unknown i -f peak is to connect the i -f section 
of a signal tracer between the receiver mixer 
plate and circuit ground. This, in the case of 
ac -dc receivers, need not be the chassis of the 
receiver. The signal tracer is then tuned for a 

peak starting at 550-kc and decreasing to 100- 
kc. These frequencies are given as limits since 
the i -f peak for the broadcast band will be 
somewhere between these two frequencies. 
The frequency at which a peak is reached on 
the signal tracer i -f tuning eye will be the i -f 
peak (approximately) since the beat between 
the incoming broadcast signal and the receiver 
local oscillator produces a difference frequency 
equal approximately to the i -f peak. To be 
certain that the signal tracer is tuned to the 
i -f peak and not to the second harmonic of the 
beat frequency, the signal tracer should be 
tuned to one-half the frequency at which the 
peak was found ; if no peak is obtained at this 
point, then the first frequency is the i -f peak. 
As a further check, it is suggested that the 
signal tracer be tuned to the second harmonic 
of the beat frequency, which will be found at 
twice the frequency of the i -f peak. 

The above explanation will be simplified by 
the following example. Suppose that beginning 
with the signal tracer at 550 kc, the frequency 
is decreased slowly so that when 456 kc is 
reached the tuning eye of the signal tracer 
closes. The signal tracer is then set at half 
456 kc or 228 kc and at this setting there 
should be no response in the signal tracer. 
With the signal tracer set at twice 456 kc or 
912 kc, the tuning eye should close. If the 
above conditions are fulfilled, then the approx- 
imate i -f peak is 456 kc. 

As a final check, the receiver should be tuned 
to each succeeding broadcast station down to 
the low -frequency end of the dial, and the 
signal tracer should indicate a peak each time 
a station is tuned in. 

A second method of finding an unknown in- 
termediate frequency is very similar. The pro- 
cedure is to connect the signal generator 
(whose output is modulated) to the grid of the 
last i -f tube and to short out the oscillator sec- 
tion of the tuning condenser. Starting at 550 kc, 
the signal -generator frequency is decreased 
until the output meter shows a reading. The 
speaker is preferably left connected while this 
operation is carried out, so that the audio note 
will be heard as the peak is passed. The fre- 
quency at which the note is first heard will 
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probably be the intermediate frequency. To 
determine that this is not a sub -harmonic of 
the actual intermediate frequency, the signal 
generator should then be set to twice the fre- 
quency at which the note was first heard; if 
no signal is heard at this point, then the first 
frequency is the i -f peak. As a further check, 
it is suggested that the signal generator be set 
to half the i -f and the signal should then be 
heard. 

A concrete example will simplify the above 
explanation. Beginning with the signal gen- 
erator set at 550 kc, the frequency is decreased 
slowly and when 456 kc is reached, a signal is 
heard in the speaker. The signal generator is 
set at twice 456 kc or 912 kc and at this setting 
no signal is heard. With the signal generator 
set at one-half 456 kc or 228 kc, a signal is 
heard but with less strength than the true i -f 
peak signal. If the above conditions are ful- 
filled, then the approximate i -f peak is 456 kc. 

A third method of obtaining the i -f peak 
follows : the signal generator is connected to 
the grid of the last i -f tube and is set approxi- 
mately at 550 kc. The receiver oscillator must 
be shorted out. The last i -f trimmer capacitor 
is screwed tight. The generator frequency is 
decreased until an audio peak is heard in the 
speaker. The frequency of the generator will 
now be the lower limit of the i -f trimmer tun- 
ing range. This value is recorded. The same 
trimmer capacitor is then loosened until it is 
almost all the way out. The frequency of the 
generator is increased slowly to obtain a sec- 
ond audio peak, the generator frequency at this 
point will be the upper limit of the i -f trimmer 
tuning range. This value is also recorded. 
These two frequency limits, added together and 
divided by two, will give the approximate fre- 
quency of the i -f amplifier transformer band- 
pass. 

As an example of this method, if the fre- 
quency of the generator producing an audio 
peak when the trimmer is at maximum capac- 
itance (plates tightened) is 410 kc and the 
frequency of the generator producing an audio 
peak with the trimmer at minimum capacitance 
(plates loose) is 500 kc then the i -f peak is 
410 + 500 

or 455-kc. 
2 

A more accurate method of determining the 
i -f frequency is; the signal tracer is connected 

from the oscillator anode or grid to ground. 
The receiver tuning capacitor is set at approxi- 
mately half mesh and is not disturbed until the 
intermediate frequency is determined. The 
oscillator frequency is determined with the os- 
cillator shunt trimmer at minimum and at 
maximum capacitance. The signal tracer is set 
to the average of the frequency values found 
and the oscillator shunt trimmer is adjusted 
until maximum response is obtained on the 
signal tracer. 

As an example of this step, if the oscillator 
frequency is 1260 kc when the oscillator shunt 
trimmer is at maximum capacitance, and the 
oscillator frequency is 1490 kc when the os- 
cillator shunt trimmer is at minimum capac- 
itance, then the oscillator shunt trimmer is 
adjusted to the average frequency of 1375 kc. 

Determining Frequency of R -F Circuits 

Since the oscillator frequency is now known, 
all that is necessary to derive the intermediate 
frequency is to determine the frequency to 
which the r -f circuits are tuned. This may be 
done as follows : 

The i -f transformer is disconnected from the 
converter plate and a 10,000 -ohm (approxi- 
mately) resistor is connected between the con- 
verter plate and B+ ; the signal tracer i -f sec- 
tion is connected between the converter plate 
and chassis. A signal generator is connected 
to the receiver input terminals, and is set to 
approximately the frequency to which it is 
thought the receiver i -f circuits are tuned, the 
signal tracer being tuned for maximum re- 
sponse and this reading is recorded. A series 
of adjustments of the generator and tracer is 
then made centering about the probable fre- 
quency to which the r -f circuits are tuned, 
with the signal -tracer sensitivity level being 
recorded for each adjustment. The frequency 
at which the signal tracer shows greatest re- 
sponse is the frequency to which the receiver 
r -f circuits are tuned. 

This frequency value when subtracted from 
the value of the oscillator frequency (pre- 
viously determined) is equal to the difference 
frequency at the plate of the converter tube. 
The i -f amplifier may be aligned at this value. 
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The table below is an example of reedings on 
the signal tracer to secure the frequency of 
the r -f circuits. 

Signal Tracer 
Frequency (kc.) 

Signal Tracer 
Sensitivity Level 

1050 21/i 
1000 4 

950 10 
935 15 
925 20 
915 22 
900 15 
875 10 

It will be noticed that the highest response on 
the signal tracer was secured at 915 kc, so that 
this is the frequency to which the signal cir- 
cuits are tuned. Since the oscillator frequency 
was found to be 1375 kc (above), the difference 
frequency between the oscillator and signal 
frequencies equals 460 kc and this may be 
considered the intermediate frequency of the 
receiver in this example. 

The i -f transformer is then reconnected to 
the converter plate and the 10,000 -ohm resistor 
and the signal tracer removed. The signal gen- 
erator and output meter are then connected for 
conventional i -f alignment and the i -f trimmers 
are aligned at the determined frequency. 

If the manufacturer had set the i.f. of this 
receiver at 450 kc (which we cannot ascertain), 
ordinarily it would not make the slightest dif- 
ference if we align the i.f. at 460 kc, since the 
i -f and oscillator circuits are designed to have 
considerable tolerance. The selectivity and 
sensitivity of the receiver will not be decreased 
if the receiver is aligned at the frequency de- 
termined by the above method. 

Locating Trimmers 

The following information will aid in locat- 
ing oscillator and r -f trimmers. Where differ- 
ent capacity sections are used in a tuning ca- 
pacitor, the section having the smaller plates, 
a fewer number of plates, or differently shaped 
plates, will probably be the oscillator tuning 
capacitor since the oscillator in almost all sets 
operates above the signal circuits. The oscil- 
lator and r -f shunt trimmers will often be 
found on the tuning capacitor frame near their 
respective sections. Oscillator and r -f trimmers 
for short-wave bands will be located physically 
close to their respective coils. To determine 
which coils are in the circuit for a particular 

band position, without laborious tracing of cir- 
cuits, measure the voltage across the coils with 
an r -f voltmeter. Assuming the receiver is 
operating properly, those coils which are in the 
particular short-wave circuit which is operat- 
ing will have voltages impressed across them, 
while those not in the circuits, (open or shorted 
out) will not have voltages across their termi- 
nals. In receivers incorporating an f -m band, the 
f -m oscillator and r -f trimmers will be found 
on or near their respective f -m tuning capac- 
itors. In older receivers making use of plug-in 
coils, the trimmer will be located in the respec- 
tive coils or beneath the respective coil sockets. 

The oscillator and r -f shunt trimmers should 
be aligned at a frequency slightly below the 
high end of the band while the oscillator series 
padder should be aligned at a frequency slightly 
above the low -frequency end of the band. Thus 
the shunt trimmers would be aligned with the 
tuning capacitor plates just meshed and the 
padder would be aligned with the tuning ca- 
pacitor plates not quite fully meshed; the tun- 
ing capacitor must be rocked* during the pad - 
der adjustment. For receivers having the con- 
ventional range on the standard broadcast band 
of 550 kc to 1500 kc, the high alignment fre- 
quency for both oscillator and r -f circuits would 
then be 1400 kc and the oscillator low align- 
ment frequency would be 600 kc. In those re- 
ceivers having extended ranges at the high - 
frequency end of the band, the alignment would 
be effected as follows : for those receivers hav- 
ing a band range to 1600 kc, align the oscillator 
shunt trimmer at 1500 kc and the r -f trimmers 
at 1400 ko; for those receivers having a band 
range to 1700 kc, align the oscillator shunt 
trimmer at 1700 kc and the r -f trimmers at 
1600 kc ; for those receivers having a band 
range to 1800 kc, align the oscillator shunt 
trimmer at 1800 kc and the r -f trimmers at 
1700 kc. These alignment frequencies should 
give maximum sensitivity and best tracking 
over the band on the respective ranges. Those 
receivers having a slightly extended range at 
the low end of the band to 540 or 535 kc, may be 
aligned at 580 kc instead of 600 kc. 

Correcting Dial Calibration 
The dial calibration may be corrected by 

tuning in a known broadcast station somewhere 

*For an explanation of rocking, see the last section of 
this article. 
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in the middle of the broadcast range and setting 
the tuning dial pointer to coincide with the fre- 
quency on the dial for this station. 

Assuming the worst possible condition, 
where the receiver dial is missing, the align- 
ment of the short-wave bands would first re- 
quire the determination of the band ranges. 
An output meter is connected at the audio out- 
put of the receiver and the tuning capacitor of 
the receiver is opened completely. Feed a 
modulated signal from the signal generator in- 
to the receiver input terminals, and tune the 
generator through thé frequencies to which 
this particular short-wave band may be tuned 
starting from the highest possible frequency. 
When the generator signal is heard in the 
speaker, it may be an image signal. It cannot 
be a signal -generator harmonic if the generator 
is i educed from the highest possible frequency. 
It necessary then to connect the oscillator 
section of the signal tracer from the receiver 
oscillator anode or grid, to ground and tune 
the signal tracer for peak response at a value 
which is equal to the signal -generator frequency 
plus the i.f. and repeat this operation at a 
value equal to the signal -generator frequency 
minus the intermediate frequency. 

Thus, for example, if a signal is heard in the 
speaker when the generator is set at 18 mc and 
the receiver i.f. is 455 kc, then the signal tracer 
should be tuned about 18.455 mc and 17.545 
mc. Using these frequencies as examples, if 
the signal tracer shows a peak at 18.455 mc 
and none at 17.545 Inc, then the oscillator ap- 
pears to be operating at a frequency above 
the r -f input signal frequency by a value equal 
to the i.f. If the signal tracer responds at 
17.545 mc and does not respond at 18.455 mc, 
then the oscillator appears to be operating 
below the frequency to which the r -f circuits 
are tuned. The reason the oscillator is said to 
"appear to operate" above or below the signal 
frequency is because the short-wave oscillator 
shunt trimmer may be misaligned seriously 
and thus cause the oscillator to operate above 
or below just at this point on the tuning range. 

Checking Oscillator Frequency 
To check definitely whether the oscillator is 

operating above or below the signal frequency, 
the following procedure is suggested : the gen- 
erator is reduced one megacycle in frequency 
from the first setting which should be the 

"HOW IT WORKS" 

highest frequency of this particular band, and 
the receiver is tuned for maximum output in- 
dication on the output meter or in the speaker. 
The signal tracer is then tuned for maximum 
and the frequencies of the generator and tracer 
are recorded. The.generator is then reduced one 
megacycle in frequency and the same process 
repeated. This is continued until the receiver 
tuning capacitor is meshed completely. 

The recorded figures must then be analyzed 
carefully since they are essentially a calibration 
of signal -generator and receiver tuning versus 
oscillator frequency. If the figures show that 
the oscillator is consistently above the receiver 
tuning (signal -generator frequency) by ap- 
proximately the i -f value, then the oscillator 
is operating above the r -f frequency. If the 
figures show that the oscillator is consistently 
below the receiver tuning (signal -generator 
frequency) by approximately the i -f value, 
then the oscillator is operating below the r -f 
frequency. Either of these two conditions, if 
consistent, indicate that the oscillator shunt 
trimmer is set at or near the correct point of 
operation. If, however, the recorded figures 
show the oscillator frequency to have no con- 
sistent relation to the r -f frequency, then it 
must be assumed that the oscillator shunt trim- 
mer is aligned to the image frequency. If this 
latter condition exists, then the oscillator trim- 
mer must be peaked to the proper frequency. 

The receiver tuning capacitor should be 
turned almost to the completely unmeshed posi- 
tion and the signal generator set at the frequency 
previously found to be the approximate high 
end of the band. The generator is then tuned 
for maximum output from the speaker. The 
oscillator shunt trimmer is then tightened 
slowly (increasing capacitance) until a peak 
signal is obtained in the speaker. If no peak 
is obtained and the trimmer becomes tight, it 
should be loosened until the signal peak is 
obtained (other than the one originally ob- 
tained.) The previously described process of 
setting the generator and receiver to fre- 
quencies one megacycle below the previous set- 
ting, adjusting the signal tracer for peak re- 
sponse, and recording the generator and tracer 
frequencies, is repeated. The oscillator fre- 
quencies should now have a consistent relation 
to the r.f. being either above or below by the 
value of the intermediate frequency. If this 
condition now holds, the oscillator series padder 
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may now be adjusted by setting the receiver 
tuning capacitor. The oscillator shunt trimmer 
is then readjusted at the frequency at the high 
end of the band and the r -f trimmer is also 
adjusted for maximum output at this fre- 
quency. 

Some receivers do not use a separate oscil- 
lator circuit for the short-wave band but de- 
pend on the second harmonic of the oscillator 
for the heterodyning signal to produce the re- 
ceiver intermediate frequency. This should 
always be kept in mind when checking the 
oscillator frequency. 

Determining Wave -Trap Frequency 

The frequency to which a series wave trap 
is tuned may be found by the following method. 
With the receiver not operating, the high end 
of the wave -trap circuit is disconnected from 
the associated receiver circuits. A signal gen- 
erator is connected across the wave trap (coil 
and trimmer capacitor) and an a -c vacuum - 
tube voltmeter is connected across the trimmer 
capacitor. The setup is illustrated in Fig. 1. 

Fia. 1.-Signal-gener- 
ator connections for de- 
termining range of 
wave trap. 

stari AL 
GENERATOR 

VTVM 

The generator is set !approximately to the fre- 
quency at which it i believed the wave trap is 
tuned and the generator frequency is varied 
until the voltmeter responds. Wave traps are 
tuned to interfering signals so that most often 
the wave trap will be tuned to a frequency at 
or near the i -f peak of the receiver. It may 
be peaked, however, to the frequency of a local 
station which might overide all other stations 
received. 

Once the approximate frequency to which 
the wave trap is tuned is found, the trim- 
mer is measured at maximum capacitance 
and at minimum capacitance and the fre- 
quencies to which the wave trap could possibly 
be tuned are computed. The wave trap is then 
reconnected in the receiver, the generator and 
voltmeter removed and the wave trap is aligned 
for minimum output response to the frequency 
(within the wave -trap tuning range) at which 
most interference is encountered. It is prefer- 
able to align a wave trap following the align- 

ment of the i -f amplifier and preceding the 
alignment of the oscillator and r -f circuits so 
as not to detune the r -f circuits by the adjust- 
ment of the wave trap. 

High -Fidelity Alignment 

The alignment of a high-fidelity receiver 
where no data are available, is more compli- 
cated than for a conventional receiver. The 
i -f amplifiers in high-fidelity receivers usually 
have a wider bandpass, which is obtained by 
overcoupling or detuning one or more of the 
i -f stages to obtain a 'double -peaked character- 
istic. Proper alignment of such high-fidelity re- 
ceivers, therefore, requires that receiver fidelity 
characteristics be understood. 

The fidelity of a radio receiver indicates the 
degree to which it accurately reproduces in the 
speaker, the modulation of the signal entering 
the receiver. The modulation of a radio -fre- 
quency carrier by an audio -frequency signal 
is really a heterodyning action and, therefore, 
results in beat frequencies corresponding to 
the sum and difference frequencies of the r -f 
carrier and the various modulating audio fre- 
quencies. For each audio frequency used to 
modulate the carrier, two radio -frequency 
signals are created, one equal to the carrier 
frequency plus the audio frequency and one 
equal to the carrier frequency minus the audio 
frequency. A modulated signal is then con- 
stituted of many side frequencies in addition 
to the original r -f carrier or center frequency 
and thus a modulated signal occupies a fre- 
quency band equal to twice the highest 
modulating frequency. 

Exact reproduction of the modulation carried 
by a broadcast signal requires that the receiver 
bandwidth be great enough to pass the highest 
modulating frequency transmitted. In addi- 
tion, high fidelity demands that the various 
frequencies constituting the modulated signal 
pass through the receiver with no change in 
their relative amplitudes. To illustrate this 
point, if a station broadcasts a program of 
symphony music, the transmitted signal may 
contain sideband frequencies up to 5000 cps 
(corresponding to notes emitted by such musi- 
cal instruments as the clarinet, flute, violin, 
etc.) Faithful reproduction of the modulat- 
ing frequencies contained in this transmitted 
signal requires that the receiver be capable 
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of amplifying equally all frequencies in the 
band from 5000 cps above the carrier frequency 
to 5000 cps below the carrier frequency. Uni- 
form amplification of all frequencies in the 
modulated wave, which are within, the i -f 
bandpass of the receiver, requires that align- 
ment of a high-fidelity receiver be optimum in 
terms of the receiver design. 

High Fidelity Bandpass Response 

A high-fidelity receiver differs from a 
normal- or high -selectivity receiver mainly in 
the bandpass response of the i -f amplifiers, 
since the r -f signal circuits normally do not 
have enough over-all selectivity to cut the 
modulation sidebands to any degree. High- 
fidelity receivers employ i -f transformers de- 
signed to have resonance curves which are 
wide at the top instead of sharply peaked, so 
that sidebands will not be suppressed in the 
i -f amplifier to such a degree that the receiver 
will lack "highs" (high audio frequencies) . 

An i -f transformer sharply tuned as a result 
of loose coupling of the primary and secondary 
coils of the transformer has a resonance curve 
similar to the curve "A" shown in Fig. 2. With 

J 
o 
> 

-5 KC I.F. + 5 KC 

2.-Variably coupled r -f transformer resonance 
characteristics. 

the primary and secondary coils of the trans- 
former placed closer to each other, at the point 
of critical coupling, the response curve would 
be similar to curve "B" shown in Fig. 2. When 
the transformer coils are placed even closer 
together, overcoupling takes place, and the re- 
sponse curve takes the form of curve "C" in 
Fig. 2. 

Band-pass action in high-fidelity receivers is 
most often obtained by combining the double - 

"HOW IT WORKS" 

humped response (curve "C") of an over - 
coupled transformer with the resonance curves 
(curve "B") of single -peaked transformers. 
The resulting over-all response curve of the i -f 
amplifier, when the circuits are so designed 
that the response' is the same at resonance 
(center i -f) and at the two side peaks, is shown 
in Fig. 3. 

OVER-ALL 
CURVE 

I.F. 

3.-Over-all i -f amplifier response of high-fidelity 
receiver. 

Receiver high-fidelity response, as shown by 
curve "C" in Fig. 2, is obtained mainly in con- 
ventional superheterodyne receivers by one of 
five methods. The most practicable and com- 
mon method which is applied to one or more of 
the i -f transformers is the physical placement 
of the primary and secondary coils with respect 
to each other to produce overcoupling. The 
other four methods of obtaining high-fidelity 
band-pass response are : loading of the primary 
or secondary coil or both coils of the i -f trans- 
formers with a resistor thus lowering the Q of 
the circuit and decreasing the selectivity of 
the circuit ; detuning of primary and secondary 
coils several kilocycles in opposite directions 
from the center intermediate frequency; stag- 
gering of the transformers, so that one trans- 
former will be tuned several kilocycles above 
and one transformer will be tuned several kilo- 
cycles below, the center intermediate frequency 
to which a third transformer will be tuned ; 

and use of triple -tuned transformers, having 
three resonant circuits with individual trim- 
mers. These methods, with the exception of 
staggering and resistance loading, result in 
overcoupling of the coils on those transformers 
on which the above methods are used. 
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The intermediate frequency can be de- 
termined as explained under the procedure 
given at the beginning of this article. The 
single -peaked sharply tuned i -f transformers 
will, of course, be aligned at the i -f peak. 

Aligning Triple -tuned I -F Transformers 

Many high-fidelity receivers using triple - 
tuned i -f transformers may be aligned as fol- 
lows : with the output meter connected across 
the receiver audio output, the signal generator, 
set to the intermediate frequency, is connected 
to the grid of the last i -f tube. If the last i -f 
transformer is single -peaked, the secondary 
and primary trimmers are tuned for maximum. 
The generator lead is then transferred to the 
grid of the previous tube. Generally, where the 
receiver has two i -f transformers, they will 
both be triple -tuned. The middle trimmer ca- 
pacitor (tertiary winding trimmer) of the 
triple -tuned transformer is closed so that it is 
moderately tight (do not force the adjustment 
screw). The secondary and then the primary 
trimmers are adjusted for maximum output. 
The generator is transferred to the grid of the 
mixer tube. The middle trimmer capacitor 
(tertiary winding trimmer) of the first i -f 
triple -tuned transformer is opened (do not dis- 
lodge adjustment screw from nut). The sec- 
ondary and then primary trimmers are ad- 
justed for maximum output. The signal -gen- 
erator lead is transferred to the antenna 
terminal of the receiver and the receiver tun- 
ing control is set at the low end of the dial to 
permit the r -f signal circuits to pass the i -f 
signal from the generator. (It may be neces- 
sary at this point to increase the output of the 
generator.) The second triple -tuned trans- 
former tertiary trimmer is opened until maxi- 
mum output is obtained. The first triple -tuned 
transformer trimmer is closed until maximum 
output is obtained. Neither the secondary or 
primary trimmers of the transformers should 
be readjusted. 

A receiver incorporating triple -tuned i -f 
transformers may be aligned visually as fol- 
lows : connect the f -m modulated signal gen- 
erator high side to the grid of the last i -f tube 
and the low side to receiver chassis. Connect 
the oscilloscope terminals from the audio out- 
put tube plate to ground or across the detector 
diode -load resistor. The envelope of the voltage 

fed into the oscilloscope is built up across the 
detector load and it varies at an audio rate, 
namely, at the rate of the frequency modula- 
tion of the signal generator. To keep the pat- 
tern on the oscilloscope screen stationary, 
the oscilloscope horizontal deflection voltage 
(sweep voltage) must be synchronized with 
this audio rate. A synchronizing voltage, at the 
rate of frequency modulation of the signal gen- 
erator must be fed from the signal generator 
to the horizontal input of the oscilloscope. 

The signal generator is set to 450 kilocycles 
and a sweep width of plus and minus 15 kilo- 
cycles is used. The middle trimmer (tertiary 
winding trimmer) on the last triple -tuned 
transformer is tightened. The secondary coil 
trimmer is adjusted so that the top of the se- 
lectivity curve on the oscilloscope is centered 
on the resonance curve. The primary trimmer 
is then adjusted for maximum amplitude of 
the selectivity curve at the resonant point 
(center of selectivity curve). The output of 
the generator is reduced and the middle (ter- 
tiary) trimmer is adjusted for maximum am- 
plitude and symmetry of the selectivity curve 
about the resonant center. The primary trim- 
mer is then readjusted for maximum symmetry 
and amplitude. The signal generator is then 
connected to the grid of the mixer tube. The 
middle (tertiary) trimmer is unscrewed to a 
minimum capacitance position. (The output 
of the generator may have to be increased to 
obtain a large enough curve on the oscilloscope 
screen). Adjust the secondary of the first 
triple -tuned i -f transformer for maximum sym- 
metry and amplitude. Adjust the primary 
trimmer for maximum amplitude. Reduce the 
generator output and adjust the middle (ter- 
tiary) trimmer for maximum symmetry and 
amplitude. The adjustments of the second 
triple -tuned transformer tertiary trimmer, the 
primary trimmer of this transformer, and the 
tertiary trimmer of the first triple -tuned trans- 
former may be repeated carefully for more ac- 
curate alignment. 

Resistance Loaded I -F Transformers 
Receivers making use of resistance -loaded 

coils in the i -f transformers are really low -se- 
lectivity receivers rather than high-fidelity 
receivers. One of the characteristics of high- 
fidelity circuits is the non -acceptance of fre- 
quencies outside the bandpass. A high-fidelity 
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bandpass is thus distinguished not only by wide 
frequency acceptance and equal response for 
accepted frequencies, but also by sharp cutoff 
for frequencies outside the bandpass limits. A 
sharply tuned resonant circuit which has a re- 
sistor shunted across it, has its Q lowered by 
the loading effect of the resistor which de- 
creases the selectivity of the circuit and widens 
its frequency respinse but does not set up sharp 
cutoff at the limits. Fig. 4 illustrates the re- 
sponse curve of a sharply tuned i -f transformer 
and Fig. 5 shows what occurs when this same 
transformer has one or both of its coils shunted 
by a resistor. Since the transformer is still 
single peaked at the intermediate frequency, 
alignment of a receiver incorporating resist- 
ance -loaded transformers is the same as for a 
sharply -tuned transformer except that trimmer 
adjustment will not be as critical. 

Receivers making use of overcoupled trans- 
formers to obtain high-fidelity bandpass, where 
the overcoupling is the result of physical place- 
ment of primary and secondary coils with re- 
spect to each other, may be simply aligned. It 
is characteristic of fixed overcoupled trans- 
formers that the primary and secondary wind- 
ings react on each other, so that the conven- 
tional method of aligning the two windings for 
maximum output at the i -f peak cannot be 
used. 

One method of overcoming the reaction be- 
tween the two windings is to shunt a resistor 
across one of the windings, while the other is 
being aligned, the value of the resistor depend- 
ing on the degree of coupling, with a value of 
about 20,000 ohms being most commonly used 
for this purpose. The principle of operation is 
that the shunt resistor damps that tuned cir- 
cuit of the transformer across which it is 
shunted so that it will not react on the other. 

-5 KC I.F +5KC 

4.-Response curve of sharply tuned i -f 
transformer. 

"HOW IT WORKS" 

After the one winding has been adjusted, the 
resistor should be removed, and it will then be 
possible to peak the other winding for maxi - 

w 

- J o 
> 

-15KC I. F. + 15KC 

5.-Response curve of resistance -loaded i -f 
transformer. 

mum output. The removal of the resistor re- 
stores the response of the circuit to its normal 
characteristic. This method is repeated for any 
other resistance-loaded transformers in the 
i -f amplifier. 

Aligning Detuned I -F Transformers 

Receivers obtaining their high-fidelity char- 
acteristic by means of detuning the primary 
and secondary coils of the i -f transformers 
from the intermediate frequency may be 
aligned in either of two ways. In the first 
method, the secondary coil of the transformer 
is tuned to one of the double -hump peaks form- 
ing the flat -top frequency limits, and the pri- 
mary coil is tuned to the other peak. To check 
the adjustment, the signal -generator frequency 
should be varied between the flat -top frequency 
limits, and the output meter reading noted for 
uniform output over the frequency limits. 

The second method of alignment is to adjust 
first the secondary and primary of the trans- 
former to the i -f peak then slightly detune each 
(detuning one above and one below) until the 
variation of the output -meter readings as the 
generator frequency is varied over the desired 
flat -top range, is very slight. The change in 
reading of the output meter should be the same 
on either side of the center intermediate 
frequency. 

Variable Selectivity I -F Transformers 

Receivers which use i -f amplifiers having 
variable selectivity (by means of a mechanical 
system of variable coupling) must be aligned 
with the selectivity (or fidelity) control in the 
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minimum -coupling or maximum -selectivity po- 

sition. In this way, the interaction between the 
primary and secondary windings, which ordi- 
narily makes a special procedure necessary, is 

avoided. After the i -f alignment is completed 
with the selectivity control in the sharp -selec- 

tivity position, the overall alignment should 
be checked with the control in the broad -selec- 

tivity position. The variation in the output - 
meter indication should be symmetrical, and 
the two peaks, which are obtained as the signal - 
generator frequency is varied about 10 kc 

either side of the i -f peak, should have the same 
height. 

Receivers making use of stagger -tuned i -f 

transformers may be aligned by the following 
method. Where the receiver has two i -f trans- 
formers, one should be peaked for maximum 
output at about 3 kc above the i -f peak, and 
one for maximum output at about 3 kc below 

the i -f peak. The overall response should now 
be checked by slowly varying the frequency 
of the signal generator over a band of fre- 
quencies of about 10 kc each side of the rated 
peak frequency of the i -f amplifier. Where the 
receiver uses three i -f transformers, the first 
may be adjusted at the i -f peak while the second 
and third transformers may be detuned 3 kc 

above and below the i -f peak respectively. 
It is possible to improve the tone quality of 

older -type receivers having sharply tuned i -f 
stages by realigning the i -f transformers to 
provide a flat-topped resonance curve. This is 

accomplished by first peaking each i -f trans- 
former to exact resonance, then slightly read- 
justing each i -f trimmer so that the resonance 
peaks will fall alternately on each side of the 
exact intermediate frequency. This process 
causes some loss in gain, but this is usually un- 
important, compared with the improved tone 
quality obtained. Use of an f -m signal and 
cathode-ray oscilloscope in this readjustment 
will give best results. 

It should always be remembered when it is 

impossible to drive a signal through the re- 
ceiver, and the receiver voltages are correct, 
that the receiver may be very badly out of 
alignment and thus not permit a signal to pass 
through. Where this condition exists, the signal 
generator should be connected to the grid of the 
last i -f tube and this stage aligned. It will then 
be possible to drive a signal through from the 
preceding stage, assuming, of course, that the 

stage is not inoperative for some reason other 
than incorrect alignment. 

The Low -Frequency Oscillator Adjustment 
"Rocking" 

Just as the high -frequency oscillator trim- 
mer determines the performance of the receiver 
over the high -frequency portion of the band, so 

the low -frequency oscillator trimmer deter- 
mines the performance over the low -frequency 
end of the band. The method of making this 
adjustment is different from the usual manner 
in which trimmers are peaked for maximum 
output, in that a procedure commonly desig- 
nated as "rocking" must be used. 

This rocking adjustment is carried out in 
the following manner: The signal generator 
and receiver are tuned to the point near the 
low -frequency end of the band which is speci- 
fied in the alignment data ; to make this dis- 
cussion more definite and easier to follow, we 

shall assume that the adjustment is being car- 
ried out for the broadcast band, in which case 
the signal generator would be set at 600-kc. 

The receiver should be tuned for maximum 
output, and in general, the dial reading will not 
be exactly 600-kc, but may be off by as much 
as 10 or more kilocycles on either side. What- 
ever the dial reading-even if it is exactly 600- 
kc-the next step is to change the setting of 

the low -frequency oscillator adjustment slightly 
and then to tune the receiver for maximum 
output. If this procedure increases the output, 
the setting of the oscillator trimmer should be 

changed a small additional amount in the same 
direction, and the receiver again tuned for 
maximum output. On the other hand, if the 
movement of the oscillator trimmer in this 
same direction and the readjustment of the 
tuning control reduces the output, then a slight 
variation of the trimmer in the reverse direc- 
tion should be tried, and the receiver tuning 
control should be readjusted for maximum 
output. 

This procedure of alternately adjusting the 
oscillator trimmer and the tuning control 
should be continued until no further increase 
in output can be obtained, that is, until the dis- 
placement of the oscillator trimmer in both 
the clockwise and counter -clockwise directions 
and the accompanying rotation of the tuning 
control for greatest output is accompanied by 
a reduction in the output. The object of this 
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procedure is to arrive at that adjustment 
wherein the r -f circuits are tuned to the signal, 
and the oscillator frequency is higher than the 
signal frequency by the amount of the i -f peak, 
so that the greatest receiver sensitivity is ob- 
tained. It should be noted that, in general, 
the dial calibration will not be exactly correct, 
this is nevertheless the best possible adjustment. 

Upon completion of this rocking adjustment 
near the low -frequency end of the band, the ad- 
justments near the high-freqüency end should 
be repeated. Unless the alignment adjustments 
were initially very far off, it will not be neces- 
sary to repeat the adjustments at the low -fre- 
quency end of the band. 

Alignment Coupling Methods 

One of the important considerations in the 
alignment of receivers is the method of intro- 
ducing the alignment signal from the signal 
generator into the receiver. The method or 
methods used assume great importance for the 
following reasons : 

Improper connection of the signal generator 
to the receiver may load a circuit, this often 
occurs when the generator is connected to a 
tube grid, which results in the detuning of the 
resonant circuit, particularly where the output 
capacitance of the generator is relatively high. 
Improper connections require the feeding into 
the receiver of an output above the capability 
of the generator; for instance, when the gen- 
erator is connected for i -f alignment to the 
signal grid of a mixer tube whose detector coil 
has low impedance for the i -f frequency and 
so shunts most of the alignment signal to ground. 
Failure to connect a capacitor in series with 
the "hot" lead from the signal generator to the 
receiver (where no series capacitor exists in 
the generator output circuit) to block d.c. may 
result in damage to the generator, or may re- 
sult in a short-circuited d -c grid path (if the 
generator is connected to a tube grid) since the 
signal generator output circuit may offer low 
resistance compared to the generally high -re- 
sistance grid circuit of tubes. 

Removing the grid lead from the grid of i -f 
or r -f tubes when connecting the signal gener- 
ator to the signal grid may affect the voltage 
distribution in the receiver and may result in 
the signal not having the proper bias, this is 
particularly important when receiver design is 

"HOW IT WORKS" 

such that the grid is returned to a point in the 
receiver other than ground. 

In cases where minimum bias voltage for the 
r -f and i -f tubes is fed through the grid rather 
than the cathode circuit, removing the grid 
lead and returning the grid to ground through 
the signal generator, would leave the tube with 
zero bias and cause an excessive and undesir- 
able increase in plate and screen current. Fail- 
ure to insert a series blocking capacitor in the 
negative leg of the signal -generator connection 
to the receiver may result in short circuits in 
certain types of ac -dc receivers. A shielded lead 
should be used to connect the generator to the 
appropriate point in the receiver, and this lead 
must be kept as far as possible from the grid 
leads of adjacent tubes or stray coupling may 
result. Failure to use the standard dummy an- 
tenna (I.R.E.) may result in undesired de- 
crease in signal input to the receiver, stray 
coupling, loading effects, and pickup from ex- 
ternal fields, and it may also be impossible to 
align the antenna trimmers properly on some 
receivers or the loop trimmers on other re- 
ceivers, unless a dummy antenna is used to 
simulate normal input loading. 

It must be recognized that where standard 
methods of connecting the generator to thè re- 
ceiver are not used, the possibility exists of 
leaving wires unsoldered or having cold -sold- 
ered joints (where wires are disconnected) and 
that much time will be required (particularly 
when aligning various makes of receivers) to 
analyze and determine connection points and 
devices and to make the proper connections. 

It can be seen that a simple, standard method 
for connecting the signal generator to the re- 
ceiver for alignment would be most desirable. 
Two methods of coupling the signal generator 
to the receiver which are simple, and that have 
already been standardized to a great extent 
are given below. 

One standard method for feeding the gen- 
erator signal into the receiver calls for connect- 
ing the signal generator high side to the re- 
ceiver input terminals (after disconnecting the 
receiver antenna) through the standard I.R.E. 
dummy antenna, using a shielded cable. This 
is the only generator connection made and it is 
not disturbed during the entire alignment pro- 
cess. Since the dummy antenna serves as the 
coupling link between the generator and re- 
ceiver, eliminating the necessity for careful 

www.americanradiohistory.com



ALIGNING WITHOUT MANUFACTURER'S DATA 11 

determination of coupling points and devices, 

it will be described in detail. 
The dummy antenna consists of inductance, 

capacitance, and resistance of such values as 

normally occur when a receiver is connected 
to an antenna, and thus they simulate the 
characteristics of a receiving antenna. A 

standard dummy antenna has been adopted by 

the Institute of Radio Engineers for this pur- 
pose and the values chosen are capacitors of 

200 and 400 mmf, an inductor of 20 micro - 

henrys, and a resistor of 400 ohms, connected 

STANDARD 
SIGNAL 

GENERATOR 

STANDARD 
RADIO ADIO 

ANTENNA RECEIVER 

20 MH 
o II _ b b x'4.-0-- °ANTENNA 

200 gowoAn- 
MMF 

400 MMF 
()GROUND 

6.-I.R.E. standard dummy antenna. 

as shown in Fig. 6. The output impedance of 

signal generators used for service work gen- 

erally is unknown, and it often varies greatly 
with the setting of the attenuator. Little is 

gained then by using the standard dummy 
antenna, unless it is used together with a pre- 
cision signal generator of known output - 
impedance characteristics. (The output im- 
pedance of the signal generator together with 
the impedance of the dummy antenna consti- 
tute the loading on the receiver input.) 

For general use with the average service 
signal generator, the unit shown in Fig. 7 

can be used as the dummy antenna. It will 

operate satisfactorily over the broadcast and 
some of the lower -frequency short-wave bands. 

STANDARD 
SIGNAL 

GENERATOR 

DUMMY 
ANTENNA 

250 40011 

MMF 

RADIO 
RECEIVER 

-()ANTENNA 

°GROUND 

FTc. 7.-Alternative type of dummy antenna. 

The dummy antenna should be constructed 
as a small independent unit to prevent coupling 
to other points in the receiver. The resistors 
and capacitors used must be non -inductive. The 

stray capacitances between any two points must 

be so small as to be negligible at operating 
frequencies. 

The effective values of the components 
should be within 10 per cent of the nominal 
values. The values of resistance, inductance 
and capacitance given above are the total 
values. The output impedance of the signal - 
generator attenuator circuit should be very 

small compared with that of the dummy an- 

tenna or should be subtracted from the 
values of the dummy antenna. The leads used 

in connecting the signal generator through 
the dummy antenna to the receiver, should be 

short so as to introduce very little voltage drop, 

and should be shielded to reduce external fields. 

The standard dummy antenna functions in 

the following manner : At broadcast fre- 
quencies (540 kc to 1600 kc) the unit acts like 

an ordinary open -wire aerial which is resonant 
at approximately 2500 kc and with a capac- 

itance about 200 mmf. At frequencies above 

the broadcast band, the impedance of the 
dummy antenna becomes constant at about 
400 -ohms. Under this condition it simulates a 

transmission line which is non -resonant. This 
standard dummy antenna therefore serves well 

for both broadcast and short-wave band align- 

ment. The alternative dummy antenna illus- 

trated in Fig. 7 serves well for broadcast -band 
alignment but fails for use on higher -fre- 
quency bands. 

FTc. 8.-Box-type 
loop antenna. 

Another method of coupling the signal gen- 

erator to the receiver is recommended for use 

with receivers having loop antenna. Loop an- 

tennas used in home receivers are generally of 

two types. The "box" type loop shown in Fig. 

8, consists of a number of turns of insulated 
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wire from 1 to about 20, wound in the form of 
a rectangular open box and supported on some 
sort of non -electrical framework (wood or 
cardboard) to hold the turns of wire in a ver- 
tical plane. The "pancake" or "flat" type loop 
shown in Fig. 9, is wound in the form of a flat 

Fia. 9.-Pancake-type 
loop antenna. 

spiral coil. The loop antenna functions as a 
result of the inductive action on the loop wires 
of the electromagnetic fields radiated from 
broadcast stations. A ground connection for 
the loop often is not required. Loops are used 
in home receivers merely as convenient 
antennas, since the main characteristics of the 
loop antenna, its directivity characteristics are 
of no interest or use (generally) in the home 
receiver. 

On sets using loop antennas, coupling is best 
accomplished by feeding the signal -generator 

TO 
SIGNAL 

GENERATOR 

output into a loop of similar size and number 
of turns as the receiver loop and placing this 
loop near the one in the receiver. Such a trans- 
mitting loop is made easily by winding a few 
turns of No. 20 or 30 wire on four nails spaced 
in the shape of a square on a piece of plywood, 
and will serve more or less adequately for 
aligning most loop receivers. 

No change need ordinarily be made when 
aligning the higher -frequency bands than in- 
creasing the distance between signal generator 
and receiver if necessary to attenuate the sig- 
nal, since in many multi -band receivers, addi- 
tional coils or loops are shunted across the 
main tuning loop to lower the inductance. For 
the long-range band, a loading coil is often 
placed in series, by switching, with the loop to 
build up the inductance to the required value 
for the range. 

An increasing number of manufacturers are 
beginning to specify the use of the Hazeltine 
Model 1150 loop for alignment of their re- 
ceivers. Fig. 10 illustrates the makeup of the 
loop which can be constructed without great 
difficulty. Its advantage lies in the fact that 
it is a permanent standard alignment tool 
which has been tested thoroughly and found 
to serve very satisfactorily as a signal -gener- 
ator transmitting loop for alignment of all 
types of home loop receivers. 

The Hazeltine Model 1150 loop consists of 3 
turns of insulated No. 20 solid tinned copper 
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%000PPER TUBE 
SO" DIAMETER, CENTER 
TO CENTER 

PLUG 
CORRECTOR I¿ 

RECEPTACLE 
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IN COPPER TUBING 
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40311- 

10.-Hazeltine Model 1150 loop specified for alignment by various manufacturers. At the left is a draw- ing of the loop, and at the right is a schematic representation. 
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wire in a circular 3/8 -inch copper tube that is 

bent to form a circle 10 inches in diameter. 
One end of the copper tube is insulated and 
the other end is connected to ground so as to 
prevent it from acting as a short-circuited 
turn, which would, of course, absorb energy. 
The connections of the loop are brought 
through the gap in the copper tube into a small 
housing at the base of the loop. The housing 
contains a 403 -ohm resistor connected in series 
between the ungrounded end of the loop and 
the high side of the shielded cable going to the 
signal generator. A 1/4 -inch diameter, shielded 
microphone cable, 4 feet long, is connected at 
the loop by a microphone plug and jack. The 
other end of the cable is connected to "high" 
and ground of the generator through terminal 
posts on an aluminum shield large enough to 
prevent capacitive coupling between the re- 
ceiver loop and the generator output terminals. 
The terminal on the shield to which the high 
side of the generator and loop are connected is 

insulated from the shield. 
This transmitting loop creates an induction 

field of known strength into which the receiver 
loop is placed. When the receiving loop is sit- 
uated 24 inches from the transmitting loop, 

then a field strength equal to one -tenth the 
generator output reading exists at the receiv- 
ing loop. Use of a standard loop of known 
characteristics is useful when making stage - 
gain measurements, particularly when the an- 
tenna circuits include matching transformers, 
etc. For receivers having loops greater than 
12 inches, the transmitting loop should be sit- 
uated at a distance at least twice the maximum 
dimension of the receiving loop. The transmit- 
ting -loop characteristics are such that uniform 
current is developed through the loop up to 
a frequency of 20 mc. 

Neither the signal -generator or receiver 
loops should be disturbed during alignment 
since this will break the effect of the continued 
decrease in the necessary signal -generator out- 
put as the circuits are lined up. Rotating loops 
should be fixed temporarily in some position 
during alignment so as not to be moved ac- 

cidently. 
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THE DOUBLE SUPERHETERODYNE 

A number of receivers have been manufac- 
tured in which the superheterodyne principle 
is employed twice in succession. Receivers, 
which employ this principle in a single unit, 
are known as double superheterodynes, of 
which the Stewart Warner Models 105 series 
are an example. In addition, any super- 
heterodyne such as one originally intended for 
use on the broadcast band, which is used in 
conjunction with a short-wave converter for 
short-wave reception, is another example of a 
double superheterodyne or a double -conversion 
system. The primary difference between these 
two types of double -conversion systems is that 
the former is a single unit embracing all of 
the elements, whereas the latter consists of two 
distinct units, namely, the converter as one 
and the receiver as the other. 

The block diagram in Fig. 1 is an example 
of the general double -conversion receiver. To 
illustrate the operation of the receiver, the path 
of an 18 -mc signal is traced through the re- 
ceiver. At the same time, this will illustrate 
the frequency at which the circuits should be 
aligned. Of course, it is possible that other 
alignment frequencies may be specified, but 
the values given will serve as suitable examples. 

The received 18 -mc signal is impressed on 
the r -f amplifier and after being amplified, is 
fed to the short-wave detector or high -fre- 
quency mixer. In some cases, the r -f amplifier 
is not present, so that the received high -fre- 
quency signal is fed directly into the high - 
frequency mixer. The high -frequency oscillator 
generates a 19 -mc signal, assuming that the 
first intermediate frequency produced is 1000 
kc. As a result of the operation of the mixer 

/8MC R -F 
A MPL. 

/8MC SNORT -WAVE 
OR H -F, --- 

I 

/9MC íT 

H -F 
OSC. 

HIGH 
.I -F 

AMPL. 

/000KC 

tube, the difference frequency of 1000 kc is 
produced and fed into the high -frequency in- 
termediate amplifier; this 1000-kc signal con- 
stitutes the high intermediate -frequency signal. 
This completes the first frequency conversion. 

After due amplification, the high inter- 
mediate -frequency signal is fed into the second 
mixer or broadcast detector. The design of this 
receiver is assumed to be such that the low 
intermediate frequency in the broadcast sec- 
tion is 460 kc. In order that this signal be 
developed, the low -frequency oscillator gen- 
erates a voltage which is 460 kc higher than 
the signal fed into the broadcast mixer. This 
means that the oscillator frequency is 1460 kc. 
As a result of the operation of the broadcast 
mixer, the 460-kc intermediate -frequency 
signal is developed and fed into the low inter- 
mediate -frequency amplifier and, in the usual 
manner, reaches the second -detector tube, 
wherein the signal is demodulated and the audio 
voltage is fed into the audio amplifier. 

It is significant to note that in a receiver 
of this type, only the r -f high -frequency mixer 
and high -frequency oscillator are variable 
tuned. The high -frequency intermediate am- 
plifier, the broadcast mixer, and the low -fre- 
quency oscillator are fixed -tuned to frequencies 
which are independent of the signal being re- 
ceived. This becomes evident upon analysis of 
the circuit, since the frequency relation between 
the received signal and the high -frequency os- 
cillator is always such that the difference fre- 
quency of 1000 kc is developed. Since the input 
to the high -frequency intermediate amplifier is 
a fixed frequency, the input to the broadcast 
mixer is likewise a fixed frequency irrespective 
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Fin. 1.-A typical double -superheterodyne receiver in which the two oscillators supply currents that produce intermediate frequencies of 1000 kc and 460 kc. 
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THE DOUBLE SUPERHETERODYNE 15 

of the frequency of the original signal received; 
the low -frequency oscillator also can be a fixed 
frequency. 

Alignment 

As far as alignment is concerned, this 
double -conversion system can be divided into 
two separate sections and handled as if they 
were two separate superheterodyne receivers 
connected in tandem or series. For example, 
as can be seen in Fig. 1, that part of the circuit 
to the right of the dotted line constitutes a com- 
plete superheterodyne receiver with its input 
circuit tuned to 1000 kc and its i -f amplifier 
tuned to 460 kc. It is possible to view this 
system as being an r -f amplifier fixed tuned 
to 1000 kc and an oscillator fixed tuned to 1460 
kc. Alignment would then be carried out at 
1000 kc in the broadcast mixer, and alignment 
of the low -frequency oscillator would take place 
at 1460 kc. In turn, alignment of the low -fre- 
quency intermediate amplifier would take place 
at 460 kc. The order of alignment would be in 
conformity with what has already been said 
in connection with the conventional super- 
heterodyne receiver. 

Let us now consider this system to the left 
of the dotted line. In accordance with the fre- 
quencies mentioned, the high -frequency r -f am- 
plifier,. the high -frequency or short-wave mixer 
and the high -frequency oscillator to the left of 
the dotted line would be aligned over the normal 
tuning band-bearing in mind that the differ- 
ence frequency out of the high -frequency mixer 
is 1000 kc. The alignment procedure here is 

similar to that described for the ordinary 
superheterodyne. 

The circuit to the left of the dotted line in 
Fig. 1 is the equivalent of a normal converter 
system, when it is contained in a separate unit 
distinct from the rest of the circuit and it is 
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Fio. 2.-A double superheterodyne as used for an 
amateur 6 -meter receiver. 

aligned in a conventional manner. If, for ex- 
ample, this converter were used with a tuned - 
radio -frequency receiver, then the complete 
combination is an ordinary superheterodyne re- 
ceiver, wherein the converter contains the or- 
dinary mixer and oscillator, and the trf re- 
ceiver supplies the intermediate -frequency am- 
plifier and second detector. 

In some instances, such converter systems in- 
clude a wave trap in series with the antenna 
circuit, or at least in the antenna circuit. This 
wave trap is tuned to the output frequency of 
the converter, which in Fig. 1 would be 1000 
kc. The reason for the trap is to eliminate 
interference which may arise because the 1000- 
kc amplifier circuit is within the broadcast 
band. In some instances, such interference is 
picked up by the lead which connects the con- 
verter detector to the high -frequency inter- 
mediate amplifier. 

Why the Double Superheterodyne is Used 

The reasons for using the double -super- 
heterodyne process will now be discussed. As 
a practical example, let us suppose that it is 
desired to cover some high -frequency range, 
for instance the 6 -meter amateur band, from 
50 mc to 54 mc. If the intermediate frequency 
for this receiver were very low, such as the 
fairly common value of 455 kc, trouble would 
be experienced with images, since the input 
circuits cannot be made sharp enough to elim- 
inate an interfering signal 910 kc from the de- 

sired signal. (The image signal is twice the 
intermediate -frequency value away from the 
r -f input signal.) If better discrimination 
against images is desired, the image -frequency 
must be further removed from the signal fre- 
quency and the only way of doing this is by 
making the intermediate frequency high, such 
as 5 mc or some such high value. 

The selectivity of a superheterodyne receiver 
is determined mainly by the selectivity of the 
i -f amplifier. The selectivity of an amplifier 
operating at 5 mc, or some other such high 
frequency, is not very great in terms of broad- 
cast reception, since at high frequencies even 
a sharply tuned amplifier would have a 

relatively wide bandpass. It becomes desirable 
to make the i -f amplifier itself a superheter- 
odyne receiver, by introducing a second oscil- 
lator and mixer and having a second inter- 
mediate frequency of about 455 kc. . By this 
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16 RIDER'S VOLUME XV 

means, both the image -frequency discrimina- 
tion and the desired selectivity may be secured. 
Fig. 2, illustrating a typical double -super- 
heterodyne receiver, can be analyzed as follows, 
using a 6 -meter amateur -band receiver as an 
example. 

The desired signal is in the band of 50 me to 
54 mc, and the first oscillator is tunable from 
55 mc to 59 mc, thus creating a constant dif- 
ference frequency of 5 mc. This 5 -mc signal 
passes through the first intermediate -frequency 
amplifier and is applied to a second mixer. Here 
it beats with the signal of the second oscillator 
which remains fixed at 5.455 mc and creates 
a second intermediate -frequency signal of 455 
kc. This 455-kc signal passes through the sec- 
ond intermediate -frequency amplifier, is de- 
modulated, amplified, and fed to the receiver 
speaker. 

The advantages of the double superhet- 
erodyne include the possibility of having a 
high first intermediate frequency and yet re- 
taining high selectivity, as mentioned pre- 
viously. Further, additional gain can be 
obtained from the entire system, since the total 
gain is spread over amplifiers operating at dif- 
ferent frequencies, so that the amplifiers do not 
react on each other so as to cause degenerative 
feedback or oscillation. The double super- 
heterodyne, however, is subject to special 
difficulties which will now be described. 

Difficulties Encountered 

In the first place, while the single super- 
heterodyne has the image -frequency phenom- 
enon, the double superheterodyne has three 
images. The receiver, shown in Fig. 2, will be 
used as an example again. Since the first 5 -mc 
i -f amplifier is followed by a second one having 
an intermediate frequency of 455 kc, it follows 
that besides a signal of 5 me in the first i -f 
amplifier, there will also be a signal which is 
455 kc above the second -oscillator frequency. 
In other words, assuming a 5.91 -mc signal 
is present it will also pass through the second 
mixer and be converted to 455. Any signal 
reaching the first mixer, which in beating with 
the first oscillator can produce a signal at 
either 5 me or 5.91 mc, may pass through the 
entire receiver unless the high (first) or low 
(second) i -f amplifiers are selective enough to 
eliminate them. 

"HOW IT WORKS" 

Assume that the receiver is tuned to a signal 
of 53 me and that the first oscillator therefore 
is tuned to 58 mc. This will cause the desired 
signal to be converted to 5 mc and be passed 
on through the rest of the set. If a second signal 
is received at 63 mc and beats with the first 
oscillator, this signal will pass also through the 
receiver and would be called the first image 
frequency. Thus there are two possible signal 
frequencies which differ from the oscillator 
frequency by 5 mc. There are also two possible 
signal frequencies which differ from the oscil- 
lator frequency by 5.91 mc when the receiver 
is tuned to 53 mc and the oscillator is operat- 
ing at 58 me ; these are -5.91 mc or 52.09 me 
and +5.91 me or 63.91 mc. As has been shown, 
the first and second oscillators finally will con- 
vert these four signals to 455 kc so that the 
three image signals (52.09 mc, 63 mc, and 63.91 
mc) will interfere with the one desired signal 
at 53 mc. Fig. 3 illustrates the frequency spac- 
ing of the signals concerned and shows how the 
second and third images appear with respect to 
the first oscillator frequency. 

To eliminate these undesired signals, the first 
r -f and mixer circuits must have sufficient se- 
lectivity to remove the undesired signals at 
63.91 me and 63 me and the first i -f amplifier 
should have sufficient selectivity to remove the 
5.91 -mc signal which only could be caused now 
by an interfering signal at 52.09 mc. The re- 
ceiver should be designed so that these condi- 
tions are fulfilled. Otherwise if a station 
happens to be transmitting at any one of the 
image frequencies, more than one signal will 
be heard at the same time or one station may 
appear at four points on the dial, if the tuning 
range covers all these images. A 63 -mc signal 
may appear when the dial is tuned to 62.09 mc, 
63.0 mc, 73 mc, or 73.91 me if the receiver is 
not designed with sufficient selectivity. 

Another trouble peculiar to the double -super- 
heterodyne receiver is the appearance of 
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Fina. 3.-Frequency spacing of the signals that show 
how the second and third images appear with respect 
to the first oscillator frequency. 
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"ghost" signals, which are caused by the in- 
teraction of the two heterodyning oscillators. 
Although it is true usually that the oscillator 
coils are shielded and the various power -supply 
leads are filtered, the oscillator signal may 
travel from its proper path. The signal from 
the second oscillator, for instance, should go 
into the second mixer and should then not 
travel anywhere else. However, it is liable to 
appear at the input of the receiver or first 
mixer. This can happen through radiation, or 
by capacitive or inductive coupling, or through 
the common power -supply leads. Similarly, the 
signal of the first oscillator may appear at the 
grid of the second mixer. In addition, both of 
these oscillators may produce harmonics of the 
fundamental frequency, and/or, harmonics of 
the oscillator; signal and beat fundamental fre- 
quencies may be generated within one or both 
of the mixers. 

Whenever the beat between two harmonics 
of the first and of the second oscillators is equal 
to the signal frequency or one of its image fre- 
quencies, or is equal to the first intermediate 
frequency or the second intermediate frequency, 
this beat will pass through the receiver just 
like any other signal, and will be evident in 
the loudspeaker as an unmodulated carrier. If 
the intermediate frequencies have been im- 
properly chosen, there may be very many of 
these ghost signals resulting from harmonics 
of beat frequencies, and beats between har- 
monics and beats, etc. This is one of the great- 
est problems in the design of the double -super- 
heterodyne receiver. 

Causes of "Ghosts" 

In order to illustrate this phenomenon more 
fully, the double -superheterodyne receiver de- 
scribed above will be examined for the possible 
causes of ghosts. The signals of both oscillators 
may appear at any point in the receiver (unless 
there is extreme care in designing the receiver) 
so that the tenth harmonic of the second oscil- 
lator fundamental frequency (5.455 mc) which 
is 54.55 mc, may cause trouble. The eleventh 
and higher order harmonics are beyond the 
limit of the receiver tuning range and the 
receiver will just miss their interference, 
particularly since the higher the harmónic, 
the smaller is its intensity. At any rate, 
the tenth harmonic mentioned above as 

an example is within the receiver tuning 
range and may beat with an r -f signal to pro- 
duce an interfering signal at the first or second 
intermediate frequency. It is the aim of the 
designer, then, to choose the intermediate fre- 
quencies so as to minimize the number of 
ghosts. 

Now let us consider the second harmonic of 
the first oscillator. When the receiver is tuned 
to 52.505 mc, the first oscillator is operating at 
57.505 me and the second harmonic of the first 
oscillator is 115.010 mc. This will beat with the 
21st harmonic of the second oscillator (114.555 
mc) to cause a 455-kc beat which passes 
through the second i -f amplifier, and therefore 
will be heard as a ghost signal. 

Since the higher harmonics of the oscillators 
are considerably weaker than the fundamental 
and second -harmonic frequencies, it is es- 
pecially important to avoid a design in which 
the lower harmonics of the two oscillators can 
form an interfering beat, for this would then 
have great interfering strength. In the above 
example this did not happen, for this particular 
design has only a few possible ghosts. How- 
ever, if the first intermediate frequency had 
been much lower and the tuning range greater, 
there could be very many ghosts. 

In another receiver, suppose that in order 
to cover high frequencies from 3500 kc up, the 
first i.f. was chosen at 1600 kc and the second 
at 455 kc. Then the second oscillator would 
operate at 2055 kc and its second harmonic, 
4110 kc, would appear as a ghost signal when 
the receiver is tuned to 4110 kc. When the re- 
ceiver is tuned to 5020 kc, the first oscillator 
is operating at 6620 kc and will beat the fourth 
harmonic of the second oscillator (8220 kc) 
to form a 1600-kc signal, which passes through 
the receiver and appears in the loudspeaker as 
a ghost signal. There may also be many other 
ghosts in this receiver. It should now be clear 
that many of these ghosts may exist when the 
first intermediate frequency is low and the 
receiver tuning range is large. 

The existence of ghost signals depends on 
oscillator harmonics, and the presence of these 
harmonics in places where they do not belong. 
This gives a clue to the methods for eliminat- 
ing them. First, the oscillator circuits should 
be designed so as to have a minimum number 
of harmonics, which can be done bÿ proportion- 
ing the oscillator tickler coil (where used) so 
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that the tube barely oscillates at all points in 
the tuning range. Second, shielding and filter- 
ing should be thorough, so as to prevent the 
oscillator signals from getting to the wrong 
places. The third remedy is to choose the inter- 
mediate frequencies in such manner as to make 
the ghosts fall outside of the tuning range. 

The double superheterodyne is in practical 
use despite these problems. When a high -fre- 
quency converter is used ahead of an ordinary 
superheterodyne receiver, the combination be- 
comes a double -superheterodyne receiver. When 
a multi -band superheterodyne receiver is used 
as an i -f amplifier, for instance at 8.25 mc, 
for the sound signals of a television broadcast, 
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Fio. 4.-Block diagram for a double superheterodyne 
for video and sound reception. 

the television receiver r -f circuits and the multi - 
band superheterodyne receiver constitute a 
double superheterodyne. Fig. 4 is a block dia- 
gram of such a combination. 

G. E. Translator, Type JFM 90 

Sometimes, in order to eliminate ghost sig- 
nals, receivers are designed in which the signal 
of a single oscillator is used twice, so that there 
will not be two oscillators which may beat with 
each other. One receiver using this system is 
the frequency -modulation tuner known as the 
General Electric Translator, Type JFM 90. 
This receiver covers the frequency -modulation 
band from 42 me to 50 mc. Fig. 5 is a block 
diagram of the operation of this receiver. From 
the antenna, the input signal goes to the mixer 
grid, the mfxer circuit being tunable from 42 
me to 50 mc. The oscillator is variable from 

18.85 me to 22.85 me and heterodynes with the 
incoming signal. 

This mixing action is different from conven- 
tional superheterodyne operation in that a fixed 
intermediate frequency is not produced by beat- 
ing the r -f input signal against the receiver 
oscillator. The mixer -oscillator tracking is not 
constant, that is, when the mixer is tuned to 
42 mc, the oscillator is tuned to 18.85 mc thus 
producing an i.f. of 23.15 mc, and when the 
mixer is tuned to 50 mc, the oscillator is tuned 
to 22.85 me thus producing an i.f. of 27.15 mc. 

The first i -f circuit is variable in tuning, 
and is controlled by a capacitor section on the 
same shaft with the oscillator and mixer tuning 
capacitors. These capacitors have been so pro- 
portioned that they are always tuned to the 
proper frequencies at all points of the dial. 

In this receiver, the first i -f circuit has been 
cut to the barest essentials, for it consists of just 
one tuned circuit and does not contain an am- 
plifier stage. An amplifier tube is not absolutely 
essential here, so that for purposes of economy 
it is omitted. The first mixer feeds directly into 
the second mixer through this single -tuned cir- 
cuit which is tuned to the first intermediate -fre- 
quency band. Although a single -tuned circuit 
is not very selective, it does reduce the image - 
frequency signal (which would cause inter- 
ference after the second mixing operation) as 
well as other undesired signals at frequencies 
far removed from the first intermediate -fre- 
quency band. 

The second tube in the receiver is another 
mixer. The i -f signal, whose frequency is be- 
tween 23.15 mc and 27.15 mc, beats in the sec- 
ond mixer with the original oscillator frequency 
(whose value is between 18.85 me and 22.85 
mc). This original oscillator frequency has 
been able to pass through the first i -f amplifier, 
which is not very selective and will pass the 
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Fio. 5.-Block diagram of the General Electric Trans- 
lator Type JFM90 used as an f -m tuner. 
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oscillator signal, since the oscillator frequency 
does not differ much from the first i -f signal. 
The frequency of the beat after the second mix- 
ing operation is 4.3 mc and is constant regard- 
less of the position of the tuning dial. The 
second i -f amplifier is tuned to 4.3 mc, and the 
rest of the receiver follows customary pro- 
cedure for f -m converters. 

The reason for using a double superhet- 
erodyne at all might seem difficult to under- 
stand, since no amplifier is used in the first i -f 
circuit. Sufficient amplification must be 
achieved if full advantage is to be made of the 
possibilities of f -m reception. Usually, it is 

difficult to get sufficient amplification at high 
frequencies. In the case illustrated, the 4.3 -mc 
second i -f circuit could not have any more gain 
without the danger of making it unstable. Of 
course, an r -f stage could give additional gain. 
However, it is impossible to get as much gain 
out of a tube used as a high -frequency r -f am- 
plifier as it is from the same tube when it is 
used as a mixer since its plate circuit in the 
latter case is tuned to a lower frequency. An 
additional amplifier stage in the first i -f circuit 
would necessitate at least one more tuned cir- 
cuit, which, as explained above, must be vari- 
able and its tuning capacitor must be ganged 
to the tuning capacitors of the other circuits. 
Accordingly, it is omitted in order to simplify 
the receiver design. 

A Fixed -Frequency Oscillator 

The principles described in this article can 
be used in many ways. One special receiver 
employing several of the features discussed 
above was described by Braulio Dueno in 
"Electronics" for August, 1939. A simplified 
version of the conversion section of the receiver 
is shown in Fig. 6, and its operation may be 
analyzed as follows : the r -f input signal from 
the antenna is applied to the grids of both 6A7 
tubes. In mixer tube No. 1, the r -f signal is 

mixed with a local oscillator signal at a fixed 

frequency of 450 kc. In the plate circuit of this 
tube is a tuned circuit, whose capacitor is 

ganged with the mixer tuned -circuit capacitor, 
which selects from the various frequencies ap- 
pearing in the plate circuit, the difference fre- 
quency, which is equal to the signal frequency 
minus 450 kc. This difference frequency is ap- 
plied to the oscillator grid of the second mixer 

and is again mixed with the original input 
signal, so as to produce a beat equal to their 
frequency difference, which is always 450 kc. 
The intermediate -frequency amplifier is tuned 
to 450 kc, while the rest of the receiver fol- 
lows standard design. 
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6.-Simplified schematic of the conversion cir- 
cuits of a double superheterodyne wherein the signal 
from the antenna is applied to the grids of both 6A7 
tubes. The difference frequency appearing in the plate 
circuit of the No. 1 tube is applied to the oscillator 
grid of the No. 2 tube, where it is mixed with the 
antenna input signal, the output being applied to the 
i -f input transformer. 

The advantages claimed for this type of 
superheterodyne are : no troubles due to in- 
efficient operations of the oscillator at very - 
low and very -high frequencies, and no trouble 
due to frequency drift of the oscillator, since 
the constant -frequency oscillator can be de- 
signed to have great stability. There is the pos- 
sibility, however, of the oscillator signal getting 
into the i -f amplifier directly, and thus good 
filtering and shielding of the oscillator and i -f 
amplifier are required. Further, any inter- 
fering signal reaching both mixers which has 
not been filtered out by the mixer tuned circuit 
and the first i -f circuit (plate circuit of first 
mixer), will cause a 450 kc i -f signal which 
cannot be removed by the second i -f amplifier. 
In other words, the selectivity of the receiver is 
determined by the input circuit and the variable 
i -f amplifer. 

Double Superheterodyne with a Super- 
regenerative Second Detector 

A special receiver for reception of short 
waves was described by Ross A. Hull in "QST" 
for November and December, 1935. Fig. 7 is 
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a block diagram of the conversion operations. 
The receiver is a double superheterodyne with 
a super -regenerative final detector, but in this 
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7.-Block diagram of a double superheterodyne 
with a super -regenerative second detector. 

set the intermediate frequency used after the 
first mixer is lower than the second intermediate 
frequency. This is done to obtain first the ne- 
cessary selectivity; then the frequency is 
changed to 22.5 me so that a super -regenerative 
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detector would function more efficiently. If 
the super -regenerative detector alone is used, 
the selectivity is insufficient, as the super -re- 
generator is not an efficient detector at low 
frequencies; therefore, it is necessary to change 
the frequency back to the high -frequency region 
in order to obtain both high sensitivity and 
high selectivity. 

An AM -FM Double Superheterodyne 

Somewhat indicative of a possible trend to 
increased use of double -superheterodyne action 
in the future, are the production of several 
double -superheterodyne receivers by Crosley 
for 1947. The Crosley Models 86CR and 86CS 
receivers have been designed ingeniously so 
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THE DOUBLE SUPERHETERODYNE 21 

that a total of fifteen separate functions are 
performed by eight tubes. These models have 
double -superheterodyne action on the broadcast 
and short-wave a -m bands and incorporate a 
single superheterodyne f -m circuit for reception 
of the 88 me to 108 me f -m band. 

Fig. 8, the schematic of this receiver, shows 
that this receiver generally follows the block 
outline of operations for a typical double -super- 
heterodyne receiver, as illustrated in Fig. 2 ; 

however, there are some interesting differences. 
No r -f amplifier stage is included before the 
first mixer and there is also no i -f amplifier 
stage after the first mixer, so that the first 
mixer feeds through a double -tuned i -f trans- 
former to the second mixer. The frequency of 
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5825 kc is used as the first intermediate fre- 
quency so that it is impossible to have trouble 
with image frequencies on either the broadcast 
or short-wave bands. This is so because the 
image frequency (twice the i -f value away 
from the signal frequency) is completely out of 
the range of both the broadcast and short-wave 
bands. Any decrease in gain or selectivity re- 
sulting from using the comparatively high first 
i -f of 5825 kc is more than compensated for by 
the use of the comparatively low second inter- 
mediate frequency of 167.5 kc. To guarantee 
that there will be no interference from signals 
at or near this frequency of the first i.f., an i -f 
wave trap adjustment (trimmer capacitor 85), 
resonant to 5825 kc, is incorporated in the a -m 
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Fic. 8.-The double superheterodyne as 
used in the Crosley Models 86CR and 

86CS receiver, wherein eight tubes perform fifteen 
functions. 
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antenna circuit. Note that one section of the 
7F8 twin triode serves as the variable first 
oscillator, while the other section of the tube 
functions as the fixed second oscillator, pro- 

ducing an oscillator frequency of 5992.5 kc. 
This latter frequency beating with the first i.f. 
of 5825 kc produces the second i.f. of 167.5 kc 
at the output of the second mixer. 
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HOME RECORDING FEATURES 

This section will discuss some of the differ- 
ent combination sets on the market which 
contain means for home recording. The im- 
portant subjects that will be considered are 
the different types of recording-such as radio 
recording and microphone recording-methods 
of monitoring the volume of recording, and 
any unusual circuit features that deal solely 
with recording. In most of the recording com- 
bination sets that we have examined, a portion 
of the audio stage of the regular radio section 
of the set was used in recording positions 
through special switch selections. Since the 
complete schematics of many of these sets are 
extremely complicated (as the Packard Bell 
Model 1052) , we have broken down the switch- 
ing arrangements of such sets completely, 
thus making it much easier to trace each in- 
dividual switch change. These breakdowns 
have also been made for the Wilcox -Gay Model 
6810 and the Spiegel Model TR -640. The 
recording sets discussed are analyzed from the 
viewpoint of understanding how the electrical 
components function with respect to the oper- 
ation of the different recording positions. By 
electrical components we mean resistors, ca- 
pacitors, inductances, transformers, tubes, and 
the like. Since each set is unique in the ar- 
rangement of circuits we will examine a few 
of the combination models individually. 

RECORDIO MODELS 6B SERIES 

In the Wilcox -Gay Recordio Models 6B10, 
6B20, 6B30, and 6B32 there are two different 
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chassis, an early model and a late model, which 
are identified by their serial numbers. The 
schematic differences between the early and 
late models are very slight, so for the purpose 
of this discussion the later model only will be 
considered here. In this receiver are two dif- 
ferent types of recording: radio recording and 
microphone recording. Each type is analyzed 
separately. 

Record Radio 

The "record radio" position of this model is 
shown in Fig. 1. This position is the more 
important one because it utilizes the complete 
section of the radio -broadcast position plus 
additional elements that change the electrical 
characteristics of the set to afford a means of 
successful recording. When the "record radio" 
push button is depressed the following switch- 
ing arrangements in the set are of importance. 
First, the diode plate, pin 5 of the 6SQ7GT/G, 
second-detector-avc first -audio tube becomes 
operative. (In the regular radio -broadcast re- 
ceiving position this diode plate does not func- 
tion since no signal is applied to it.) Secondly, 
a high -valued resistance of 3.3 megohms (R19) 
is inserted between the output of the 
6SQ7GT/G tube and the input to the second - 
audio tube which is one triode section of the 
duo-trio.de 6SN7GT tube. To complete this 
switching arrangement there is incorporated 
a recording amplifier, which is the other triode 
section of the 6SN7GT tube and it is used in 
conjunction with the cutting head. If the 
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FEc. 1.-The complete section of the radio -broadcast portion of the Wilcox -Gay Recordio Models 6B series is 
used with a recording amplifier when the set is switched to the "Record Radio" position. 
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"radio -broadcast reception" clarified schematic 
(Wilcox -Gay, Page 15-2) is examined with re- 
spect to the "record radio" clarified schematic 
Fig. 1 in this article, the new components 
brought into play will be evident immediately. 

Switching Features 

The simple switching arrangement incorpor- 
ated in this model has a number of special 
features that are clearly shown in the "record 
radio" position, Fig. 1. First, nothing is 
changed in the r -f section of the set. The only 
change in the avc-second detector section is 
that the avc signal is omitted from the indi- 
cator tube. The diode plate, pin 5, of the 
6SQ7GT/G is connected through resistor R18 
to the grid of the indicator tube. Attached to 
this diode plate is a lead coming from the high 
side of the secondary of the recording output 
transformer through R38. Coming off the out- 
put audio section of the 6SQ7GT/G tube is a 
lead going to the grid of the 6SN7GT recording 
amplifier (T2), through R16, C22, and a switch. 
With the exception of this switching, no other 
changes are made to the circuit other than 
those already existing for regular radio broad- 
cast reception. 

An important feature in a well -designed re- 
cording set is the monitoring of the audio signal 
to be recorded. In other words, there should 
be some method of letting the operator of the 
set know when the correct audio signal voltage 
is impressed across the cutting head. 

With all this in mind, refer to the complete 
"clarified schematic" diagram of the set in the 
"record -radio" position, Fig. 1, and trace a 
signal through the set. With the set tuned in 
to a particular station, the received signal goes 
through the proper heterodyning procedure 
and is converted into an i -f signal which goes 
to the diode plate, pin 4, of the 6SQ7GT/G 
tube. Here the signal is detected, and it 
emerges from the junction between resistors 
R7 and R8 as the modulated envelope of the r -f 
signal, which is the actual audio signal of the 
set. At the junction point mentioned, this audio 
signal has already gone through an r -f filter- 
ing network, R7 in conjunction with C17 and 
C18. From here the signal goes through an 
audio filtering network of R9 and C6 and 
emerges as the avc (d -c) signal which goes to 

"HOW IT WORKS" 

the control grid of the 6A8GT converter tube 
and the 6SK7GT/G i -f amplifier. 

This audio signal is also impressed across 
the potentiometer, R10, which serves the pur- 
pose of a volume control, regulating the amount 
of audio signal fed onto the grid of the 
6SQ7GT/G first -audio amplifier. This audio 
signal being amplified by the triode section 
of the tube appears at the plate (pin 6) of the 
6SQ7GT/G tube. From here the signal is fed 
through R16 and C22 to point D on the push 
button switch. From point D the audio signal 
follows two paths : one is through pins D and 
B of the push button switch, through the 3.3- 
megohm resistor (R19) 'and 470,000 -ohm re- 
sistor (R20) to the control grid of T1, the sec- 
ond -audio amplifier which is one triode section 
of the 6SN7GT tube; the other path is through 
the same switch from terminals D to B to C 
and then down to the control grid (pin 1) of 
T2, the final recording amplifier which is the 
other triode section of the 6SN7GT tube. 

The most important factor in tracing the 
audio signal throughout this recording position 
is to know the exact paths the signal does take 
and why. The 3.3-megohm resistor (R19) is 
chosen to limit the amount of audio signal im- 
pressed onto the control grid of Ti. The reason 
for this is that the sound coming out of the 
loudspeaker has to be muted so that the ma- 
jority of the audio signal is used for record- 
ing and not for loudspeaker output. In this 
way the loudspeaker is used for monitoring 
the program to be recorded so that the operator 
will know what program he is recording. 

The rest of the audio signal, as mentioned, 
is impressed across the grid of T2, the final 
recording amplifier. This latter amplifier in- 
creases the audio signal to a predetermined 
value (due to its amplification characteristics) 
and the output from the plate of the recording 
amplifier is impressed across the primary of 
the recording output transformer. By trans- 
former action, the output audio signal from 
the primary is impressed across the secondary 
of the recording output transformer, and in 
turn this audio signal is further impressed 
onto the cutting head of the recording arm. 

Monitoring the Audio Signal 

The amount of audio voltage that is im- 
pressed onto the cutting head determines how 
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deeply the cutting head will cut. In order to 
know the proper amount of recording (i.e. to 
make sure that the cutting arm does not over - 
cut or undercut the record being made) an 
indicator tube is used. In the model being dis- 
cussed, the tube used is either a 6E5 or 6U5. 
This set is so designed that when a station is 
tuned in properly and the volume control ad- 
justed correctly, the eye of the indicator tube 
will just about close on the peak passages of the 
audio signal. A feature of this receiver is the 
way in which the indicator tube is made to 
react in such a manner. When the indicator 
tube is used in the regular radio -broadcast 
receiving position the avc is applied to its 
grid and the tube then functions as an r -f tun- 
ing indicator for different stations. With the 
record -radio push button depressed, however, 
the regular avc is disconnected from the grid 
of the indicator tube and a new connection is 
made to the grid through points E and H of 
the push button switch. If the circuit is ex- 
amined, it will be found that this grid is con- 
nected through resistor R18 to pin 5, the other 
diode plate of the 6SQ7GT/G tube, and also 
to the high side of the secondary of the record- 
ing output transformer through resistor R38. 
These new connections to the indicator tube 
afford a visual means of knowing when the 
optimum amount of volume is being recorded. 

The operation of this section is as follows : 
Some of the audio output that appears across 
the secondary of the recording output trans- 
former is taken off the high side of this trans- 
former through resistor R38 (6.8 megohms). 
This signal (the strength of which is controlled 
by R38) is fed back to the diode plate, pin 5, 
of the 6SQ7GT/G tube. Rectification occurs 
and the pulsating output signal from this diode 
plate is filtered by the R18 -C29 audio -filter 
combination and it is then applied as a d -c 
signal onto the grid of the indicator tube. This 
d -c signal is an automatic control signal that 
indicates the proper tuning of the set and also 
that the proper amount of audio volume is be- 
ing impressed on the cutting head. 

The regular avc signal keeps the level of the 
set constant by controlling the output of the r -f 
section. It then follows that the audio signal 
developed across the volume control is also 
constant - this assumes that the set has been 
tuned properly. The volume control, therefore, 
regulates the amount of signal fed into the 

first -audio grid and hence controls the output 
from the first -audio tube. This output then 
splits up as stated before, a part of it going 
to the grid of the second -audio amplifier and 
part to the final recording amplifier. If the 
set is off tune, the audio voltage output from 
the 6SQ7GT G tube will be lower and hence 
the input to the recording amplifier will be 
less. This will then make the signal voltage 
fed back from the recording output trans- 
former smaller, being shown on the indicator 
tube by the eye of the tube remaining open. 
For proper operation, the eye should just about 
close, and although the regular avc is discon- 
nected from the indicator tube, this tube still 
serves as an r -f tuning indicator. By the proper 
choice of the feedback resistor R38 and the 
R18 -C29 audio -filtering network, the input to 
the grid of the indicator tube will be constant 
when the eye is just about closed. Therefore, 
when the volume control is adjusted to a point 
where the eye almost closes (or just closes on 
the peak passages of a signal), the set is ad- 
justed properly for recording. It should be 
remembered that the loudspeaker output in 
this model is not used as a recording level. The 
sound issuing from the loudspeaker indicates 
to the operator of the set what program he is 
recording. 

Record Microphone 

A clarified schematic for the "record micro- 
phone" position is shown in Fig. 2. When the 
"record microphone" push button is depressed, 
the only new section that is switched in is the 
microphone in conjunction with the 6J7GT 
microphone amplifier tube. The rest of the 
components that comprise this position are also 
used in the record -radio position of the set. 
Studying the circuit a little more carefully, 

6J7GT 
MIKE AMY, 

GSN7e1 
E1 HGpRIN6 AMR 

SELECTOR SWITCH SHOWN 1 V 

WtTTRNE BUTTON DEPRESSED 

+CS. 

GUSTERJ 
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TUNNG NOIENTOR 
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FIG. 2.-When the "Record Microphone" push button 
is depressed in the Wilcox -Gay Recordio Model 6B 
series, the microphone and the microphone amplifier is 
switched into the circuit as shown in Fig. 1. 
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it will be found that the circuit accompanying 
the recording amplifier T2 (one-half of the 
6SN7GT tube) and the indicator tube are ex- 
actly the same as in the "record -radio" posi- 
tion but that the circuit of the 6SQ7GT/G 
tube has been changed. This change is that 
the diode plate (pin 4) circuit is made effec- 
tively inoperative. Since this section of the 
tube is only used for broadcast detection and 
avc action, it is then obvious that in the posi- 
tion under discussion, it is not needed because 
the r -f section is not in operation. The indi- 
cator tube in this position is used as a volume - 
level indicator for microphone recording the 
same way it was used in the "record -radio" 
position. In order to understand the way this 
set works on microphone recording it is best 
to trace the signal from the microphone to the 
recording mechanism. 

The 10-megohm resistor, R31, across the 
microphone serves a dual purpose : it acts both 
as a load to the microphone and as a grid -leak 
resistance to the 6J7GT amplifier. The micro- 
phone used is a crystal type and as character- 
ized by most of these types, the required load 
impedance is usually several megohms, depend- 
ing on the particular microphone used. The 
resistance is made high in this case (10 meg- 
ohms) because it is desired to have a good 
low -audio -frequency response and in order to 
achieve this, the load on the microphone should 
be as high as possible. After sound enters the 
microphone, it is converted into its electrical 
equivalents and impressed onto the control grid 
of the 6J7GT tube as an audio signal. This 
signal is amplified by the 6J7GT tube and it 
is then impressed across the volume control, 
R10. The variable arm of the volume control 
is connected to the grid of the triode section 
of the 6SQ7GT/G tube and the signal is further 
impressed onto this grid circuit through the 
volume control. This section acts as a second 
audio -voltage amplifier but the amount of 
signal impressed onto this latter grid is con- 
trolled and, therefore, its output is likewise 
controlled. 

Tracing the Audio Signal 

The audio signal that emerges from the plate 
of the 6SQ7GT/G tube follows only one path 
as compared with the two paths it took in 
the "record -radio" position. Here the total out- 
put is impressed onto the grid of the final re - 
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cording amplifier T2 (one-half of the 6SN7GT 
tube) through pins D and C of the push button 
switch. The rest of the recording circuit is 
exactly the same as in the "record -radio" posi- 
tion. The indicator tube is similarly used as a 
visual means of informing the operator when 
the proper amount of audio signal is being im- 
pressed across the cutting head of the recording 
mechanism. In other words, when the eye of 
the indicator tube just about closes on the peak 
passages of the audio signal, then the volume 
control is set correctly. The important thing 
to bear in mind in microphone recording is 
that in using the microphone, one should talk 
(or sing or whatever the type of recording 
desired) into the microphone at a definite dis- 
tance from it. In other words, the person who 
uses the microphone should not vary that dis- 
tance because it will also vary the degree of 
volume cut into the record. It should be obvious 
to all that the reason the loudspeaker is not 
used for monitoring (as it is in the "record - 
radio" position) is because the voice of the 
individual using the mike is his own means of 
monitoring what goes onto the record. In the 
"record -radio" position, this is not so because 
one has to know what type of program is being 
received. 

In the Wilcox -Gay Model 6B10, a tone 
control is used in the grid circuit of the second - 
audio amplifier T1 (one-half of the 6SN7GT 
tube). (This can be seen by examining the 
clarified schematic for the "radio -broadcast re- 
ception" position in the Manual on Wilcox -Gay, 
page 15-2). In either recording position of this 
set, the tone control is switched out of the cir- 
cuit so that there will be no possibility of hav- 
ing all bass recording if the tone control hap- 
pens to be left in the bass position. Bass re- 
cording is an undesired feature because it 
really prevents the record being made from an 
input having the desired characteristics of high- 
fidelity recording. 

PACKARD BELL PHONOCORD 
MODEL 1052 

In the Packard Bell Phonocord Model 1052, 
there are three different types of recording, 
namely, radio recording, microphone recording, 
and mixed -program recording. The last type 
of recording is a combination of radio and 
microphone recording. This model is also a 
two -band set operating on the broadcast band 
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and the 6-18 mc. short-wave band. Both the 
"radio -record" and "mixed -program record" 
can be used on either band; however, for dis- 
cussion purposes, reference will be made to 
only those recordings on the broadcast band. 

In the previous discussion on recording, it 
was found that an indicator tube was used as 
a visual means of informing the operator when 
he had obtained the proper degree of cut onto 
the record. In the Packard Bell Phonocord 
Model 1052 there is no visual or manual method 
of controlling the degree of cut, all recording 
in this model being automatic. In other words, 
an automatic control circuit is incorporated 
which insures that the audio signal impressed 
across the cutting head of the recording mech- 
anism is always regulated in volume. This auto- 
matic control is accomplished by a "volume - 
compression" circuit which is used on all 
recording positions of the set. Since this is 
true, it will be best to analyze a typical com- 
pression circuit before starting any separate 
discussion of the different recording positions 
of this set. 

Volume Compression 

In many different types of audio circuits, it 
is sometimes desired to control the volume 
range automatically because too high a gain 
and overloading effects may seriously damage 
some of the equipment used, and too low a 
gain will make for a poor response. This con- 
trol is primarily accomplished by a volume com- 
pression circuit, which in brief, is one that re- 
duces the audio gain when the signal that is 
to be amplified is large and increases the gain 
when the signal is weak. Volume compression 
is used in many different types of equipment 
and it finds one of its greatest uses in recording 
circuits. Before going into the actual compres- 
sion circuit used in this model, it will be best 
to consider it from a generalized viewpoint. 

A simplified volume compression circuit is 
shown in Fig. 3. Here tube No. 1 serves as an 
audio amplifier and supplies an audio output 
signal from its plate circuit to two different 
tubes. Part of the signal goes to another audio 
amplifier (tube No. 3) and the rest of the 
signal is applied to the cathode of a diode rec- 
tifier. A diode rectifier works in such a manner 
that when the plate is made more positive than 
the cathode or the cathode made more negative 
than the plate, the tube will conduct, because 

electrons will be emitted from the cathode and 
electron current will flow from the cathode to 
the plate as long as the plate is positive with 
respect to the cathode. The audio signal flow- 
ing toward the rectifier is varying continuously 
above and below its d -c level as any audio signal 
does. 

Now when tube No. 2 (the diode rectifier) 
does not receive any signal on either of its 
elements, no current flows in the tube because 
the difference in potential between the plate 
and the cathode is zero. When the audio signal 
flows toward the cathode of the rectifier, cur- 
rent will flow in the tube as shown (from 
cathode to plate) but only during the negative 
half -cycle of the audio signal. In other words, 
the negative half -cycles of the audio signal 
makes the potential on the cathode of the tube 
more negative with respect to the plate and 
electrons will therefore flow from the cathode. 
The rectified current will flow as shown and 
there will be a drop across the diode load re- 
sistor R. The polarities on the resistor R will 
be such that at the plate end, there will be a 
negative potential and a positive one on the 
ground end. Attached to the negative side of 
this resistor is the grid -leak resistor of tube 
No. 3 and in this manner a bias is applied to 
the grid of the No. 3 tube. It then follows that 
if a large audio signal is applied to the No. I 
tube a large signal will likewise be applied to 
the cathode of No. 2 tube. The No. 2 tube, or 
rectifier, will then supply a greater negative 
bias to No. 3 tube, thus reducing the ampli- 
fication of the tube and in turn the output is 
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FIG. 3.-A simplified volume -compression circuit in 
which the audio gain is increased when the signal is 
weak and the gain reduced when the signal to be 
amplified is large. 
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also reduced. If the signal drops below a cer- 
tain level, then no bias will be applied from 
the rectifier tube and tube No. 3 will function 
normally according to its own self -bias. With 
this general analysis of how a typical volume - 
compression circuit works, let us now refer 
to the different recording positions of this 
model. 

Radio Record Position 

With the radio record push button depressed, 
most of the regular radio circuit is used in 
conjunction with the necessary recording 
equipment. In Fig. 4 is shown that section of 
the "radio -record" position that is of interest 
to us. Upon close examination of this circuit 
it will be noticed that no manual controls are 
included in this position. The control of the 
audio output in this circuit is accomplished by 
automatic methods. There is the regular avc 
control of the r -f tubes plus a volume -compres- 
sion control in the audio circuit. To under- 
stand the function of the different tubes and 
component parts used in this position, it would 
be best to trace a signal through the circuit. 
Since the r -f section of this set is of the usual 
type, it is omitted and the rest of the circuit 

TO R2-3 CATHODE 
RESISTOR Or 1ST I.F. AMP. 

P.D. SW. 32 

"HOW IT WORKS" 

that is used in the radio record position is 
shown. 

After the r -f signal is converted into the i -f 
signal, it is impressed (through the secondary 
of the 2nd i -f transformer) across the diode 
section of V6, the 6SF7 tube, for detection and 
rectification. The rectified and detected signal 
is now at the junction between R14-1 and R13-2 
after the proper r -f filtering. From this point, 
it is taken off and filtered through the audio 
filter, capacitor -resistor combination of R1-2 
and C8-1, to become the regular avc signal. 
Also from the above junction point between 
R14-1 and R13-2 the rectified and detected i -f 
signal, which is now the modulated envelope 
of the original r -f carrier input signal, is im- 
pressed as an audio signal across the complete 
capacitor -resistor combination consisting of 
R13-2, C12, R12-2 and R14-5. This audio signal 
is then tapped off between the junction of 
R12-2 and C12 and it is impressed onto the 
control grid, pin 2 of the first audio tube 

TO REST 
OF R -F 
CIRCUIT 

R1-2 
ANC 

C8-1 

z-" 

L9 

R14-1 

C12 

R13-3 

OPEN AT 
P B. SW. 

R12-2 

VG 6SF7 
- 2ND DET e 

EXP. AMP. 

R13-2 

R14 -S 

OPEN AT 
R II. SW. 

RADIO 
RECEIVE 

A4R 
1 D D 

20 O 

PMOMO 

la D j x 

40 
S D O 

zD 

3O 0 D 

ROC. PURIIC 
RECORD ADRRESS 

64P 
D 

D x 

MIEO 
RADIO PROGRAM RECORD 

14l It IA 

a a D 

D D 

ORax D D X X 

x x x x 
RZR 

O alC D D -rß x 

M 1 G R I C 
D D DIO 

Ì I 

D D D D 

D D O D 

BAND -SWITCH SHOWN 
AT 1ST POSITION. 
BROADCAST BAND 
(RADIO RECORD) 

V5 
POW. AMP. > 

6V6 -G1 

CES -III l' 

i 
T1'1 N1 

ac 
vR cc _ 
COMIRec - 

-C1U.1 

0.19 

RECT. 
503 -GT 

OPEN AT 
P.R. SW. 

FIG. 4.-When the "Radio Record" push button is depressed in the Packard Bell Model 1052, most of the regular 
radio circuit is used in conjunction with the recording equipment. 
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(6SF7) through pin M1 of the top of the push- 
button switch and also through capacitor 
C1.4-1. The audio signal is then amplified by 
the first audio tube and appears on the plate as 
an amplified signal. From the plate of this 
tube the audio signal goes through capacitor 
C13-3 to the push button switch (lower part) 
through contacts K1, K2, J1, and J2 then 
through capacitor C13-1, to be impressed onto 
the control grid circuit and pin 5 of the 
6V6GT power amplifier. The signal is still 
further amplified by this last audio tube and 
it is applied directly to the high side of the 
primary of the output transformer Ti. 

Up until this point there was no evidence 
whatsoever that any of the audio signal was 
being controlled. From this point on it will 
be shown how volume compression in this cir- 
cuit works to serve the purpose of an auto- 
matic audio control circuit. 

The 6H6 (V8) tube serves as the compression 
rectifier. Only one diode section of this tube 
is used, namely pins 5 and 8, while the other 
diode section is inactive because pins 3 and 4 

are grounded. For the sake of simplicity the 
compression circuit is extracted from Fig. 4 

and it is redrawn in Fig. 5, only those com- 
ponents of interest in analyzing the control 
circuit being shown. 

The Volume -Compression Circuit 

What happens in this compression circuit is 
that some of the output audio signal is tapped 
off the plate of the 6V6GT, the same as the 
high side of the primary of the output trans- 
former. It is then fed onto the cathode (pin 
8) of the 6H6 compression rectifier. The 
amount of audio fed to the cathode is de- 
termined by the audio voltage dividing network 
of C15-2, R4-4, and R15-5. The total audio out- 
put is across the 6V6 plate to ground and 
therefore impressed across points A and B in 
Fig. 5. The audio voltage drop in the R15-5 
(470,000 -ohm resistor) is that amount applied 
onto the compression rectifier cathode. 

As previously described, when the negative 
swing of the audio signal is on the cathode, 
electrons will flow from the cathode to the 
plate. (The electron current will flow, however, 
only on the negative swing of the audio signal). 
Due to this current flow a rectified bias is de- 
veloped across the diode plate (pin 5) resistor 

R13-6 with potentials on the resistor as shown. 
Since the audio voltage is continually varying 
in amplitude, so is the drop across the R13-6 
(220,000 -ohm) diode load resistor. Therefore 
the drop across R13-6 is shown in Fig. 5 as a 
variable voltage. This voltage e0, is applied 
to the control grid (pin 2) of the 6SF7 first 
audio tube through the high -resistance grid 
leak, R16-5. This bias, added to the self bias 
already existing on the tube, reduces the tube 
amplification and therefore its output is also 
reduced. It can then be stated that when the 
rectified bias on the first audio grid is in- 
creased, the first audio tube will reduce its out- 
put, and when this same bias is reduced, the 
output of the first audio tube increases. 

Fundamentally what is happening is that the 
output of the first audio tube is being controlled 
by the rectified bias from the 6H6 compression 
rectifier. This simple control constitutes a 
method for keeping the audio level output con- 
stant. Another beneficial feature about this 
type of control is that it is completely automatic. 

The audio volume is kept at a constant level 
in the following way : Assuming a gradual in- 
crease of audio voltage beyond what is desired, 
then the output from the 6SF7 first audio tube 
is also increased. This increased output con- 
stitutes a greater input to the 6V6GT power 
output tube, which in turn causes a greater 
output from the 6V6GT tube itself. This being 
the case, then a greater audio voltage is ap- 
plied onto the cathode (pin 8) of the 6H6 com- 
pression rectifier than previously existed there. 
This makes the plate (pin 5) of the 6H6 tube 
much more positive with respect to the cathode 
but only during the negative half cycles of the 
audio signal. Since the difference in potential 

AUDIO 
INPUT 

C14-1 
.004 

R16-5 
4.7 MEG 

R15-3 
4105 

T R13-6 9 220 1( 

_L 

C13-3 

65F7 
FIR5T 
AUDIO 

V8 6H6 R4-4 
1MEG 

R15-5 
4705 

VS 
POWER AMP. 
646 -GT 

C15-2 
.001 

.02 
C13-1 

5.-The simplified circuit of the volume compres- 
sion portion of the Packard Bell Model 1052. 
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between these two diode elements is increased, 
the electrons flowing from the cathode _o the 
plate are likewise increased and there is a 
larger rectified d -c voltage drop e9 across the 
diode plate -load resistor R13-6. The capacitor 
C8-5 (.05 mf) serves as an audio bypass cap- 
acitor for any audio frequencies that may 
appear in the plate circuit of the 6116 com- 
pressor tube. The larger e9 drop that occurs 
puts a larger negative bias on the grid of the 
first audio tube and this increased bias reduces 
the output from this tube. The reduced output 
from this latter tube in turn causes a reduced 
input to the 6V6GT tube and naturally the 
output from this 6V6GT is also reduced. Since 
the output of this last tube is reduced, then the 
audio voltage applied to the cathode of the 
compression rectifier is also reduced, which 
means a reduced e9 drop, the application of a 
smaller negative bias on the first audio tube, 
and therefore an increased first audio output. 

3.2 OHMS V.C. 
IMPEDANCE 
AT 400 CPS 

Fio. 6.-Simplified 
circuit of the loud- 
speaker and recording 
circuit of the Packard 
Bell Model 1052. 

From the above analysis, it is consequently 
seen how the volume -compression circuit auto- 
matically controls the audio output by keeping 
this output at as constant a level as possible. 
With the automatic controlling of this circuit 
now considered, the next thing to do is to trace 
the audio signal from the 6V6GT plate. 

Referring back to Fig. 4, the audio output 
from the plate of the 6V6GT tube is impressed 
across the primary of the output transformer 
Ti. The controlled audio signal is then im- 
pressed across the secondary of Ti by trans- 
former action and the total audio voltage now 
appears between the high side of the T1 sec- 
ondary and ground. The circuit is redrawn in 
Fig. 6 in such a way as to make it easier to 
understand. 

The total audio voltage in this circuit appears 
across points A and B. Since point B is ground, 

then the total output exists between point A 
and all ground points common to this output 
circuit. In other words, some of the audio volt- 
age is impressed across R26 in parallel with 
the voice coil and some appears across R28 in 
parallel with the cutter. The speaker, when 
used in the recording circuits, is used as an 
audible indicating devise to inform the operator 
what type program he is going to record. The 
R26 (1 -ohm) resistor across the voice coil is to 
reduce the effective impedance of this voice coil, 
which is 3.2 ohms, in such a manner that there 
will be a mismatch between the voice -coil cir- 
cuit and the output transformer; consequently, 
the sound heard in the speaker will be slightly 
muted. Resistor R28 in parallel with the cutter 
is to insure proper matching purposes for the 
impedance that the cutting head offers. The 
compressor circuit assures the recording mech- 
anism that on loud signals the audio volume 
will be automatically adjusted to a constant 
level and the needle of the cutter will be pre- 
vented from cutting into adjacent grooves. 

Microphone Record 

In the microphone recording position the 
same volume compression circuit also plays an 
important role in automatically controlling the 
audio volume cut into the record. It functions 
in exactly the same way it did in the radio 
record position. In Fig. 7 the circuit of the 
microphone recording position is shown. In 
this circuit no part of the regular radio section 
appears because there is not any need for r -f 
selection in this type of recording, since all 
that we are concerned with is recording only 
what sound goes into the microphone. In this 
circuit there is incorporated a 6SQ7 tube used 
as a microphone amplifier. Upon quick exam- 
ination of the complete circuit, it will probably 
appear the same as the audio section of the 
previous recording position except for the ad- 
dition of the microphone amplifier. Physically 
speaking, they do appear very much the same, 
but electrically they are somewhat different. 
These differences will be noted as a signal is 
traced coming from the microphone into the 
microphone amplifier. 

Assuming some sound enters the microphone, 
then the 6SQ7 microphone amplifier tube in- 
creases the audio signal coming from the micro- 
phone and this newly amplified audio signal 
appears on the plate of the 6SQ7 tube. From 
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here the signal goes through C3-6, through the 
pins No. 2F, 1F, 1G, 1H, 11, 1J, 1K, and 
1M of the top section of the push button switch, 
through C14-1 to the control grid of the first 
audio 6SF7 tube. From this point on, the first 
audio tube, the 6V6GT power output tube, and 
the 6H6 compression rectifier function in ex- 
actly the same way as in the previous recording 
position. The only difference in the circuit is 
that instead of the 390 -ohm cathode biasing 
resistor (R6) of the first audio tube, there is 
now a 270 -ohm cathode bias resistor (R7) 
there (shown on the left of Fig. 7) . 

The reason for this resistor change is that 
in microphone recording there is need for a 
smaller self -bias on the first audio tube as com- 
pared to the self -bias needed for radio record- 
ing. The audio signal, after being impressed 
across the primary of the T1 power output 
transformer, is then impressed across the sec- 
ondary of the T1 by transformer action. Since 
the operator of the microphone himself knows 
what will go into the record, there is no need 
for the loudspeaker to be used. It will therefore 
be noticed that the voice coil of the speaker is 
shorted to ground through pin Nos. 2G and 
3G of the lower section of the push button 
switch. The only operative unit in the output 
circuit is the recording mechanism which func- 
tions the same as in the radio record position. 

Mixed Program 

In this unusual type of circuit, radio record 
and microphone record are combined in one 

30 

50 
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PRO4R.M RECORD 

BAND -SWITCH SHOWN 
AT I sT POSITION. 
BROADCAST BAND 

(M IC. RECORD) 

OPEN A1 
P.B.SW. 

complete circuit to allow a mixing of both types 
of recording. With it a person can, for in- 
stance, sing over the microphone to the music 
of some famous orchestra coming over the 
radio and it will appear as a completely single 
recording. In combining these two different 
types of recording circuits, a few interesting 
circuit changes occur that are worth noting. 
In Fig. 8, that part of the "mixed program" 
circuit of benefit to us is shown. The regular 
r -f section that is inserted in the mixed pro- 
gram circuit is the usual schematic and it is 
omitted for the same reasons it was done in 
the "radio -record" position. The most import- 
ant part of this "mixed program" circuit is 
the beginning of the audio input sections where 
both the audio signal from the radio section of 
the set and from the microphone section are 
mixed together. In practically all types of 
audio circuits where two or more signals are 
to be combined, an "audio mixer circuit" is in- 
variably used. In order to understand this 
"mixed program" circuit it will be best to trace 
signals from both audio sections of this 
position. 

Referring to Fig. 8, again we find that V6, 
the 6SF7 tube, performs the function of second 
detection of the i -f signal from the radio por- 
tion of the set, and that the audio signal from 
the radio section is found to exist across the 
R12-2, R14-5, and C12 combination, as it did in 
the radio record position. However, as shown 
in Fig. 8, the audio signal is tapped off this 
combination by the variable arm of the poten- 
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Fio. 7.-When the "Microphone Record" push button is depressed in the Packard Bell Model 1052, the radio 
broadcast portion of the set is switched out and only the microphone, the a -f amplifier with its volume -com- 
pression circuit, and cutter are functioning. 
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tiometer R12-2. Tracing the audio signal fur- 
ther it is found to travel through the resistor 
R13-3, to pin 2J of the top section of the push 
button switch. 

Stopping at this point for a moment let us now 
refer to the other audio system incorporated in 
this position, namely the microphone circuit. 
Looking at this section of Fig. 8, it is found 
that a signal from the microphone finds its 
way through the microphone amplifier (6SQ7) 
and it is then impressed across the C3-6 and 
R12-1 combination. The variable arm of the 
R12-1 potentiometer taps off a certain portion 
of this microphone audio signal and the signal 
travels through R13-1 to pin No. 21 then to 2J 
of the top section of the push button switch. 

What we now have is both audio signals 
meeting at a common junction and if we trace 
both signals any further, it will be found that 
they are impressed together across the control 
grid of the 6SF7 first audio tube. This first 
audio tube functions as an "audio mixer" tube 
in this circuit. To make it easier to understand, 
the complete mixer circuit is redrawn and 
shown in Fig. 9. From this drawing, it is 
obvious how both separate audio signals meet 
and are impressed across the first audio control 
grid through C14-1. Any mixer circuit that 
combines their audio signals in a similar man- 
ner to the circuit of Fig. 9 is usually known 
as a "resistance -mixer" circuit. Of importance 
in such a circuit are the resistors R13-3 and 
R13-1, both 220,000 -ohms for this particular 

TO R2S}}CATI-100E 
RESISTOR OF 157I.F. AMP. 

set. The primary reason they are used is to 
prevent one potentiometer control from short- 
ing out the other. In other words, if the 
variable arm of one potentiometer happened 
to be turned completely to ground, then with- 
out the 220,000 -ohm resistors in the circuit, 
the arm that was turned to ground would 
short (to ground) the audio signal from the 
other potentiometer. Although the resistances 
R12-1 and R12-2 are variable, their variable 
arms are set to a predetermined value for the 
correct amount of audio signal mixing to give 
the operator of the set the desired level of audio 
that is to be cut onto the record without him 
making any adjustments. Since it may be 
necessary at some time or other to readjust 
these resistances, their variable arms are 
terminated in screwdriver adjustments. Com- 
ing back to Fig. 8 again, we find that from pin 
No. 2J of the top section of the push button 
switch both audio signals are traced to pins 
No. 1J to 1K to 1M then through C14-1 to be 
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in the Packard Bell Model 1052, the radio broad- 

www.americanradiohistory.com



HOME RECORDING FEATURES 33 

C12 
003 

¡MIN RADIO 
¡SECTION 

013-3 

R12-2 220K 
500 K 

C14-1 

004 

C3.6 
.01 

AUDIO INPUT 
FROM PLATE OF R12.1 220 K 
MIKE AMPLIFIER 500K C1 

R13-1 

R16 - 

65F7 
5T AUDIO 

FIG. 9.-Schematic diagram of the mixer circuit of 
Fig. 8. 

applied across the control grid of the first audio 
tube. This tube serves as an audio mixer and 
will not allow the output level of one signal to 
rise above the other and hence it will keep the 
output of all its audio signals at a constant 
level. In view of the fact that an overall gain 
control of the combined audio signals is needed, 
the volume compression circuit is still used in 
this position. In fact, the rest of this audio 
circuit, from the plate of the first audio tube, 
is the same as that of the "record -radio" posi- 
tion of Fig. 4, with one very slight difference : 

this is that the cathode bias resistance of the 
first audio tube is changed. In this cathode 
circuit there is now the 390 -ohm resistor R6, 
in series with the 1200 -ohm resistor R9, to ef- 
fectively increase the bias on the first audio 
tube for the proper operation of the mixed 
programing. The volume compression circuit 
works in exactly the same way as previously 
described. 

SPIEGEL MODEL TR -640 

In the Spiegel Model TR -640, two different 
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FIG. 10A, above.-A por- 
tion of the "radio recording" 
circuit of Spiegel Model TR - 
640. 
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types of recording are incorporated-namely, 
radio recording and microphone recording. A 

few features of this recording set are different 
from those previously analyzed. The first ma- 
jor difference is in the method of controlling 
the amount of audio volume cut into the record 
that is being made. The volume control is used 
here on both recording positions to determine 
the amount of volume needed but in order to 
know where to set the volume control for the 
correct amount of audio, just plain practice is 
required. In other words, when the volume 
control is set to a certain position during re- 
cording and if it is found that the width of a 
groove on the record approximately equals the 
width of the uncut surface between the grooves 
then the setting is correct. Of course, this does 
sound a little crude in comparison to visual and 
automatic controlling, but it is nevertheless a 
good workable system when the operator of 
the set becomes familiar with it. The portion 
of the "radio recording" circuit of interest in 
this model is shown in Fig. 10A while that part 
of the "microphone recording" circuit is shown 
in Fig. 10B. Both schematics are presented to- 
gether to show the similarity between their 
circuits. 

Upon examining these schematics, it will be 
found that the speaker is inserted in both cir- 
cuits and that a resistor R10 (100 -ohms) is 
between the high side of the voice coil and the 
high side of the secondary of the output trans- 
former. This resistor slightly mutes the output 
of the speaker so as not to have the usual loud 
output interference with the recording. An un - 
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Fia. 10B, below.-A por- 
tion of the "microphone re- 
cording" circuit of Spiegel 
Model TR -640. 
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usual feature incorporated in this set is that 
in "microphone recording" the speaker is in the 
circuit the same as it is in "radio recording". 
The speaker is not really needed in this circuit 
but it can be used as a check to determine 
whether or not the audio signal is getting into 
the output circuit since there is no ready meth- 
od of visual checking. 

Another very interesting feature common to 
both types of recording circuits is that the 
output transformer has a split secondary. The 
upper half of the secondary serves thepurpose 
of that section of the transformer used to 
match the impedance of the voice coil of the 

speaker. Since the complete audio output 
signal appears across the whole secondary coil, 
then part of this audio also appears across the 
lower half of the split secondary. The second- 
ary is split in such a manner that an impedance 
of 3.5 -ohms is in the top half and an impedance 
of 9 -ohms in the lower half. The audio signal 
that appears across the lower half of the sec- 
ondary is impressed directly across the cutting 
arm of the recording mechanism. The 9 -ohm 
impedance of the lower half of the secondary 
is thus chosen so as to offer the proper im- 
pedance match for that impedance the cutting 
head itself offers. 
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BIASING 

Bias for the proper operation of vacuum 
tubes is obtained by various methods. Bias is 
defined as the d -c voltage at the control grid 
of a tube measured with respect to the cathode, 
or to the filament in tubes having no cathode. 
The simplest, although not always the most de- 
sirable means of obtaining bias, is through the 
use of a battery. Fig. 1 shows how a 1.5 -volt 

1.-Fixed bias 
using a battery. 

B+ 

battery is connected between grid and cathode 
of a tube, with the negative terminal of the 
battery connected to the grid and the positive 
side of the battery to the cathode, thus provid- 
ing a -1.5 -volt bias. 

With fixed d -c potentials on the plate and 
screen grid of a tube, the bias on the control 
grid of that tube will determine the operating 
point of that tube, that is, the amount of plate 
current which will flow. As the bias becomes 
more negative, more and more electrons within 
the tube are repelled by the grid from their 
normal flow to the plate until the grid reaches 
a point so negative that plate current ceases to 
flow, this point being known as "cut-off bias." 
Conversely, as the bias becomes more positive, 
more plate current will flow until it becomes 
excessive and' the tube breaks down. 

In order to obtain bias on the grid of a tube, 
it is not necessary to use an outside source of 
voltage, such as a battery, because this bias 
voltage can be developed from the current that 
is caused to flow from a tube. Fig. 2 illustrates 
such a method, which is called grid -leak bias. 

GRID 
CURRENT 

SIGNAL 
INPUT 

DISCHARGE 
CURRENT 

B+ 

Fio. 2.-Bias attained 
by the use of a grid -leak 
resistor. 

The bias is developed by the action of the com- 
ponents C, the grid capacitor, and Rgl, the grid - 
leak resistor. If the input signal, a sine wave 
in this case, is impressed between grid and 
cathode, on the positive swing of the input 

METHODS 

signal, the grid becomes positive, causing grid 
current to flow in the direction of C, as shown 
by the arrow, and charging up this capacitor 
negatively on the grid side. Then as the input 
signal swings negative, grid current ceases to 
flow, but the negatively charged capacitor dis- 
charges through the grid -leak resistor making 
this resistor negative, on the grid -side, with 
respect to the cathode. This charging of the 
capacitor and discharge through the grid -leak, 
keeps a negative bias on the grid during the 
time that the signal is being applied. 

Fig. 3 illustrates another means of obtain- 
ing a negative bias due to the normal current 
flow in a tube, without considering any input 
signal, that is, with the tube in a quiescent 
state. With the proper voltages on the screen 
grid and plate of the tube, current flows from 

FIG. 3.-Bias attained 
by the use of a cathode 
resistor. 

PLATE 

SCREEN 
CURRENT 

TOTAL 
TUBE 

CURRENT 

the cathode to the screen and plate, then to 
the supply -voltage source and then combining, 
forms the total tube current or as it usually is 
called, the cathode current. This current flows 
to ground; then from the grounded side of the 
cathode resistor, Rk, through this resistor and 
back again to the cathode. The current flowing 
through the cathode resistor RA causes a volt- 
age drop across the resistor with polarities as 
shown, that is, negative at the grounded side 
with respect to the cathode side. This voltage 
developed across the cathode resistor is the 
grid bias, and it is a negative bias, since bias 
voltage is measured from the grid to the 
cathode. 

These are the three basic methods of ob- 
taining bias: 1, the use of a bias battery cell; 
2, grid -leak, and 3, cathode -resistor developed 
bias. How and why these methods and varia- 
tions of these basic methods are used in cur- 
rent radio sets are discussed below. 

35 
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Garod Model 6DPS8 

Fig. 4A shows the i -f amplifer in the broad- 
cast band of Garod Model 6DPS8. In order to 
obtain bias for this tube in the broadcast band, 
a 470 -ohm resistor, which is bypassed by a 
0.05-mf capacitor, is used in the cathode circuit. 
The total plate and screen current of the 
6SK7 tube flows through this resistor, causing 
a voltage drop of about 3.5 volts across it. The 

4A.-Biasing of 
the i -f amplifier in the 
broadcast band of the 
Garod Model 6DPS8. 

bias for this tube then, with no signal being 
received, is -3.5 volts, which gives sufficient 
gain with a good signal-to-noise ratio. The 
amount of current flowing through the cathode 
resistor can be calculated by Ohm's Law, 

I = E which in this case is 3.5 volts 
or 7.4 

R 470 ohms . 

milliamperes. 
When this set is switched to the short-wave 

band, increased gain is required at the higher 
frequencies to improve reception. In order to 
obtain more gain, a less negative bias is used 

Flo. 4B.-Biasing of 
the i -f amplifier in the 
short-wave band of the 
Garod Model 6DPS8. 

on the i -f amplifier grid, and the bias is re- 
duced to about -2.2 volts. In order to obtain 
this less negative bias, the resistance was de- 
creased in the cathode circuit. Fig. 4B shows 
that in the short-wave band, another 470 -ohm 
resistor is put in parallel with the cathode net- 
work by closing switch 3E. The equivalent re- 
sistance of the two 470 -ohm resistors in 
parallel is 235 ohms. This makes the cathode 
current 9.4 milliamperes, an increase of about 
2 mils, and the i -f stage is operated with 
greater gain. 

Howard Model 920 

Most oscillators use a grid -leak method for 
obtaining bias on the oscillator grid. This bias 

voltage will vary, since the various frequencies 
of the oscillators will cause different amounts 
of grid current to flow through the grid -leak 
resistor. In the Howard Model 920, the grid - 
leak resistance Rgl in Fig. 5, in the converter 
stage, is actually composed of two resistors in 
series, one being 100,000 ohms and the other 
68,000 ohms, making the total grid -leak re- 
sistance 168,000 ohms. The voltage at the 
oscillator grid, across the grid -leak will vary 
from -9.5 to -12 volts. It was found con- 
venient to use a portion of this voltage, devel- 
oped across the oscillator grid -leak resistance, 
for biasing the 3Q4 output tube. The way this 
was accomplished was by connecting the grid, 
pin 3 of the 3Q4 output tube through a 470,000 - 
ohm isolating resistor to the junction on the 

Osc. 
COIL 

CONVERTER 2 OUTPUT 
1R5 3Q4 

7 1,5 TOTAL 
OSC. 

100K \ VOLTAGE 
-9.5 TO -12 VOLTS 

68K 

-3. B T0 - 4.9 VOLTS 
3Q4 GRID BIAS 

47OK 

I 

2,6 

.O1 MF 

4 

F1c. 5.-Grid-leak resistor used in the Howard Model 
920. 

grid -leak between the 100,000 -ohm and the 
68,000 -ohm resistors. The bias for the 3Q4 
tube will be that portion of the oscillator volt- 
age which is developed across the 68,000 -ohm 

68 
resistor. This bias is of the total oscillator 

168 
voltage and will vary from -3.8 to -4.9 volts. 

Goodrich Model R643W, Stewart Warner Model 
62T16, and Galvin Model 10T 

Another means of obtaining the high bias 
required for output tubes can be accomplished 
by connecting the proper amount of resistance 
in the negative return of the power supply 
used. Figs. 6-A, -B, and -C, show three models 
using this system. In the Goodrich Model 
R643W, a 90 -volt B battery is used for the 
supply voltage. As shown in Fig. 6A, the high 
side of the battery supplies the required volt- 
age to the plates and screens of all the tubes 
in this set. From the negative side of the bat- 
tery, a 390 -ohm resistor, R11 is connected to 
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RECTIFIER 
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54 
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3301-1 
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RECTIFIER 
6ZY5 

OUTPUT 
6V6 -G 

470 KR 

.3534 

100K11 

B+ 
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6 (C 
OF ALL TUBES 

Fio. 6.-Grid bias obtained by connecting resistance in the negative return of power supply in the Goodrich Model 
R643W, Fig. 6A; the Stewart Warner Model 62T16, Fig. 6B; and the Galvin Model 10T, Fig. 6C. 

ground. All the direct currents of the plates 
and screens of the tubes have to flow to their 
source of supply, the B battery, and since R11 
completes the battery path to ground, then all 
these currents also will have to flow through 
R11, which causes a -4.5 -volt drop across it. 
The grid of the 3Q5 output tube is then con- 
nected through R10, a 1-megohm resistor, to 
R11 and the negative side of the battery. This 
negative voltage, -4.5 volts, is the bias applied 
to the grid, pin 5, of the output tube. The total 
current flowing through resistor R11 can be 
computed very simply by Ohm's Law.. 

E 4.5 volts 
I = 

R 
, which is 

390 ohms 
giving 11.5 milliamperes. 

In the Stewart -Warner Model 62T16, Fig. 
6B, the bias for the output tube again is ob- 
tained from the voltage developed across a 
resistor in the negative return of the power 
supply, this resistor 65 being a 330 -ohm wire - 
wound resistor. The B+ supply voltage in this 
case, instead of coming from a battery, is ob- 
tained from the 5Y3 rectifier tube. The high 
side of this rectifier, that is, the B+ voltage 
supplied to the plates and screens of all the 
tubes in this set, is obtained from one of the 
filament leads. The low (negative) side of the 
supply voltage is the center tap of the plate 
transformer. Again all the d -c plate and screen 
currents will have to flow to their source of 
supply, the rectifier, to B- and through the 
330 -ohm resistor to ground. The current flow- 
ing through resistor 65 causes a 19 -volt drop 
across it, that is, -19 volts to ground. The 
grid, pin 5, of the 6K6 output tube being re- 
turned through a 470,000 -ohm resistor, 54, to 
this -19 volt point, therefore, is utilizing this 
voltage as bias. The total current flowing 

through resistor 65 can be calculated as before, 
19 volts 

330 ohms 
Fig. 6C shows how the bias is obtained on 

the 6V6 output tube in the Galvin Model 10T. 
Here again the source of plate and screen volt- 
age is a rectifier, a 6ZY5 tube. The positive 
side is the cathode and the negative side is the 
center tap of the plate transformer, which is 
returned to ground through the choke, No. 3554. 
This choke is part of the rectifier filter net- 
work, but is wound to have just the proper re- 
sistance such that all the direct current flow- 
ing through it will give the proper voltage drop 
across it to be used as bias for the 6V6 -G out- 
put tube. 

equalling 57.6 ma. 

Remler Model MP5-5-3 

Automatic volume control is used to increase 
the gain of one or more tubes in a receiver 
when a weak signal is being received and to 
decrease the gain when a very strong signal is 
received. This is accomplished by putting a 
varying bias, depending upon the strength of 
the input signal, on the grids of the tubes 
whose gain is to be controlled. Fig. 7A shows 
the ave system of the Remler Model MP5-5-3. 

When a signal is being received, an i -f signal 
will appear at the transformer L-30233, and 
this signal will be coupled through the 70-mmf 
capacitor to the diode plate, pin 5, of the 
6SQ7. When this plate is made positive (due 
to the positive swing of the input signal), with 
respect to the cathode, then the current will 
flow from the cathode to the plate, through the 
3.3-megohm and 22 -ohm resistors to ground. 
This will cause a voltage drop across these re- 
sistors, and it will be negative with respect to 
ground, the amount of this voltage depending 
upon the amount of current flowing through 
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F1c. 7.-Remler Model MP5-5-3 having varying 

these resistors. The current flow is directly 
proportional to the input signal, so that with a 
stronger signal, a greater voltage is developed 
across these resistors, and vice versa. This 
negative voltage is applied as avc bias through 
the 1-megohm and 0.05-mf filter, to the grids 
of the converter and i -f tubes. When no signal 
is being received, no avc voltage will be avail- 
able for bias on these tubes, and without this 
bias, the plate current of these tubes may be- 
come excessive. 

In order to prevent this excessive plate cur- 
rent, a minimum or residual bias must be sup- 
plied to the avc-controlled tubes from some 
other source when no signal is being received. 
In this receiver, the residual bias is obtained 
from a portion of the voltage developed across 
the negative return of the rectifier power sup- 
ply, as shown in Fig. 7 at B. As stated pre- 
viously, all the direct current flowing through 
the power supply, with no signal being re- 
ceived, will cause a voltage to be developed 
across the negative return of a power supply. 
The negative return here is composed of the 
1500 -ohm, 330 -ohm, and 22 -ohm resistors in 
series. (Points marked X in Fig. 7 actually 
are connected as one point). The currents 
flowing through this negative return causes 
-1.1 volts to be dropped across the 22 -ohm 
resistor to ground. This bias of -1.1 volts is 
then fed through the avc filter to the grids 
of the 6SA7 and 6SK7 tubes and thus provides 

12 SA7 
CONVERTER 

L9 R4 
OSC. COIL 2211 

RS 
15 MEG 

C14J 

12507 2 N DET. 
AF -AVC 5 

ZF OUP UT 
TRANSFORMER 

-1.2 TO -2 VOLTS 

R6 
TO CONTROL GRIDS OF 3.3 MEG 
125G7 12 SA7 125 K 7 
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F1c. SA.-RCA Model 56X5 using residual bias on 
ave control tubes. 

22 

X X 
150011 
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330SL 5- 
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6X5 
RECTIFIER 

le 

10 

ave for increasing gain of the receiver. 

this voltage as minimum bias when no signal 
is being received. 

RCA Model 56X-5 

Another method of obtaining residual bias 
for ave -controlled tubes when no signal is be- 
ing received, in order to protect the tubes from 
drawing excessive current, is to use a portion 
of the voltage developed across the oscillator 
grid -leak resistor as minimum bias for these 
tubes. Fig. 8A shows such a system as used in 
the RCA Model 56X-5. 

R5 

F1c. 8B.-Equivalent 
circuit of residual bias 

R4 
22 K 

-6 TO 
-10 VOLTS 

.5 MEG TO CONTROL 
+ GRIDS OF 

Rb 667 105K/'TUBES 

arrangement used in MEG 
-1.2 TO -2 VOLTS 

RCA Model 56X5. RT 
500 K 

Here the ave voltage is developed due to 
rectification of the i -f signal at the detector 
diode plate, pin 4, across its load R7, which is 
500,000 ohms. This negative avc voltage that 
is developed across R7 is fed to the r -f con- 
verter, and i -f control grids, through the ave 
filter consisting of R6 and C14. When no signal 
is received, the oscillator will still function 
and cause a voltage to be developed across its 
grid -leak resistor, R4, this voltage varying 
from -6 to -10 volts. This same voltage will 
also appear across the three resistors R5, R6 
and R7 in series, which are in parallel with 
R4, as shown in Fig. 8B. 

The voltage that is developed across the re- 
sistors R6 and R7 will be the residual bias 
used for the ave -controlled tubes when no signal 
is received. This voltage will vary as the to- 
tal voltage, according to the proportion of the 
resistance of R6 and R7 to the total resistance 
of R5, R6, and R7, this being 3.8/18.8, which 
is approximately 1/5. The voltage will then be 
1 '5 of -6 to -10 volts or -1.2 to -2 volts, 
which is the residual bias for the ave -con- 
trolled tubes when no ave bias is available. 
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NEUTRALIZATION 

Neutralization may be defined as the method 
of cancelling the effect of voltages fed back 
(usually through interelectrode capacitance 
coupling), to the input stage of an amplifier 
tube, by returning an equal voltage having op- 
posite phase to the same input point through 
an auxiliary circuit. This section will discuss 
neutralization in converters and mixer -oscil- 
lator circuits, with the neutralization required 
for space -charge coupling, taken up in detail 
below. 

For any stated value of cathode temperature, 
the density of space charge, created by the elec- 
trons in the space around the cathode, may be 
considered in equilibrium. In other words, for 
any given value of cathode temperature, which 
represents a certain rate of electron emission, 
a state of equilibrium (known as "emission 
saturation") is established whereby the maxi- 
mum density of the space charge is fixed. The 
fact that electrons are being emitted contin- 
uously by the cathode does not increase this 
space -charge density, because the negative 
electrons emitted from the cathode are repelled 
back to it by the negative space -charge field. 
To express this differently, for every electron 
which gets into the space -charge zone after this 
state of balance or equilibrium has been 
reached, the space -charge field returns an elec- 
tron to the cathode. 

For every value of cathode temperature, a 
certain magnitude of thermal agitation occurs 
within the cathode -emitting material, and also 
a definite average initial speed for the emitted 
electrons. The higher the temperature of the 
cathode, the greater is the internal thermal 
agitation and the higher is the average speed 
of the emitted electrons. Equilibrium of the 
space charge at any cathode temperature is 
reached when the number of `electrons which 
have formed the space charge is such that the 
magnitude of the repelling field (caused by the 
space charge) acting at the cathode is sufficient 
to overcome the speed of the emitted electrons 
and repel them back to the cathode. 

If this state of equilibrium of the space 
charge is disturbed by the passage to the plate 
of an electron from the end of the space -charge 
zone nearest the plate, a reduction in the total 

magnitude of the field of the space charge will 
take place. The ability of the space -charge field 
to repel the electrons emitted from the cathode 
is reduced, permitting that number of electrons 
required to restore equilibrium to be added to 
the space charge in the zone near the cathode. 
More than the required number of electrons to 
replace those removed will not be added to the 
space charge, for the state of equilibrium pre- 
viously mentioned is maintained automatically. 
It is possible to visualize a condition in which 
electrons are removed from one side of the 
space charge at a definite rate and electrons are 
admitted into the space charge at the same rate 
on the other side. Thus, there is a progressive 
movement of electrons from one side of the 
space charge, through it, and out of the space 
charge on the other side, without altering the 
density of the space charge. 

It may thus be said that in an ordinary am- 
plifier tube, the space -charge density remains 
fairly static once equilibrium is reached due 
to stabilization of cathode temperature and 
electrode d -c voltages. 

Interelectrode Capacitances 

It is well known that two metal plates placed 
in proximity form a capacitor. Fig. 1 sche- 
matically illustrates the electrode structure of a 
common type of converter tube. In this tube, 

Fio. 1.-Schematic 
representation of a con- 
verter tube showing 
the positions of the 
various grids, plate, 
and cathode, between 
which there are capaci- 
tive effects. 

CONVERTER 
PLATE 
SUPPRESSOR 
SCREEN 
SIGNAL GRID 
OSCILLATOR ANODE 
OSCILLATOR GRID 
CATHODE 

the oscillator grid forms one plate of a capac- 
itor with the cathode as the other plate, and 
the oscillator grid also forms one plate of an- 
other capacitor with the oscillator anode grid 
as the other plate of this capacitor. Further, 
the oscillator grid and the signal grid also form 
a capacitor since the oscillator anode grid is 
not a perfect screen (electrostatic shield) and 
does not prevent many electrons from passing 
through its grid mesh and affecting the signal - 
grid potentials. Thus the space charge dis - 
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cussed above extends from the cathode through 
the oscillator grid and other grids to the plate. 
Since the distribution of the space charge is not 
uniform throughout this zone but varies de- 
pending on electrode potentials, tube geometry, 
and other factors, a portion of this space charge 
exists between the oscillator grid and the signal 
grid. 

Since the space charge is a negative field, it 
exerts an influence upon neighboring elec- 
trodes making them "appear" more negative 
than they are. Thus with a static potential ex- 
isting between two electrodes, the space charge 
has a tendency to reduce this potential and 
make it more negative or less positive than it is. 
Because the electrons are bunched together 
when passing through some grid openings (due 
to negative potentials on some of the grids), 
they exert a strong negative effect, so that fewer 
electrons are attracted to or impinge on the 
grid, and the current flow in the grid structure 
is thus decreased. 

The potential of the oscillator grid (in a 
converter tube) varies from instant to instant 
at a rate of oscillation determined by the total 
oscillator circuit. This variation in the po- 
tential of the oscillator grid has the effect of 
varying the space charge from instant to in- 
stant, since the variation of oscillator grid 
voltage in a plus and minus direction about its 
fixed negative bias point, accelerates or re- 
tards the flow of electrons from the cathode 
at the rate of the oscillator frequency and so 
varies the space charge at the oscillator fre- 
quency rate. 

Space Charge Coupling 

The effect of ,this varying space charge on 
the signal grid is to induce a current at the 
oscillator frequency in the signal -grid circuit. 
Thus it may be said that the space charge 
couples the oscillator grid and signal grid 
through its electrostatic field. 

According to the impedance of the signal - 
grid circuit, a voltage will be flowing at the 
oscillator frequency in the signal -grid circuit. 
If the intermediate frequency of the receiver is 
low, then the oscillator frequency, differing 
from the frequency to which the signal resonant 
circuits are tuned by the small value of inter- 
mediate frequency, will be presented by the 
signal circuit with a comparatively high im- 

pedance. This follows from the principles of 
parallel -tuned circuits. Since the signal circuit 
will thus be very selective for the oscillator 
frequency, a high oscillator current will flow 
in the signal -grid circuit. The high IZ drop 
(current times impedance) in the signal cir- 
cuit means that a high oscillator voltage will 
be present in the signal circuit. 

This feeding of the oscillator energy into the 
signal circuit is a disadvantage since it results 
in reduced tube -conversion gain. In addition, 
the tube -conversion gain will vary as the re- 
ceiver is tuned to different frequencies. Tube - 
conversion gain is a function of oscillator volt- 
age (up to the point of peak gain), so that 
when the oscillator voltage is reduced, the tube - 
conversion gain is decreased. The decrease in 
oscillator voltage as a result of this space 
charge coupling may be analyzed as follows : 

As explained previously, there is a relatively 
large voltage drop at the oscillator frequency 
across the signal -grid circuit impedance. Most 
broadcast receivers are so designed that the os- 
cillator frequency is higher than the signal 
frequency, so that the signal circuit offers a 
capacitive reactance to the oscillator voltage. 
This is due to the fact that a parallel -tuned 
circuit offers capacitive reactance to frequen- 
cies above its resonant frequency. Since the 
oscillator voltage is usually much greater than 
the signal voltages, this capacitive reactance 
is of some importance. The interelectrode ca- 
pacitance between the oscillator grid and the 
signal grid due to space -charge coupling, in 
series with the effective capacitance that the 
signal circuit presents to the oscillator fre- 
quency, may be considered to be in parallel 
with the interelectrode capacitance between 
the oscillator grid and cathode. These three 
capacitances, the interelectrode capacitance be- 
tween cathode and oscillator grid Cok; the 
signal -grid -to -oscillator -grid interelectrode ca- 
pacitance due to space -charge coupling C,0(.; 

and the effective capacitive appearance of the 
signal circuit to the oscillator frequency Ce, are 
shown schematically in Fig. 2. (Incidentally, 
there is a direct interelectrode capacitance be- 
tween the oscillator and signal grids, as men- 
tioned previously, thus shunting the capac- 
itance due to space -charge coupling, but this is 
ordinarily very small, being of the order of 
0.2 mmf in many common converter tubes, and 
so can be neglected in this discussion.) 
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It can be seen in Fig. 3 that the effective 
capacitance Ce of the signal circuit for the 
oscillator frequency in series with the inter - 
electrode capacitance due to space -charge 
coupling C8e1 shunt the oscillator tank circuit 
and the interelectrode capacitance between 
cathode and oscillator grid Cok. Since the ef- 

fective impedance of the two series capacitances 
is much less than the oscillator input grid 
impedance of the tube (effectively due to Cok), 

CONVERTER 

R -F 
SIGNAL 

INPUT 

2.-Various input 
capacitive effects in a 
converter tube: Cok, be- 
tween the oscillator 
grid and cathode; Csc, 
between the oscillator 
grid and signal grid; 
and Ce between the 
signal grid and ground. 

the oscillator thus is loaded down and the pos- 

sible output voltage is decreased. As stated 
previously, since the tube -conversion gain is 

dependent on the oscillator voltage, the con- 

version gain will be decreased as a result of 

this loading effect. In addition, since this load- 

ing effect will vary as the value of the effective 

capacitance across the signal circuit (due to 

impressed oscillator voltage) varies, the tube - 

conversion gain will differ for different signals 
received. This may be seen from the fact that 
as the receiver is tuned to different frequencies, 
the ratio between the oscillator and signal fre- 

OSC. 
TANK 

4- 

I 

coK 

Fsc. 3.-The loading 
effect of the three ca- 
pacitances of Fig. 2 on 
the tank circuit. 

quencies changes and the value of the effective 

capacitance across the signal circuit (due to 

impressed oscillator voltage) varies. Changes in 

the effective capacitance, Ce, result in different 
loading effects on the oscillator and thus the 
variation of the tube -conversion gain. 

The energy transfer from the oscillator cir- 

cuit to the signal circuits through the space - 

charge coupling and its sometimes disadvanta- 
geous effect of variation of tube -conversion 
gain, can be eliminated largely by a neutraliz- 
ing circuit. This means that a voltage equal in 

amplitude to the oscillator voltage impressed 

across the signal circuit, but out -of -phase with 

it, is fed back from the oscillator circuit to the 

signal circuit so as to cancel the above im- 

pressed oscillator voltage in the signal circuit. 
Usually, this is done by connecting a capacitor 
between the oscillator -grid circuit and the 
signal -grid circuit. 

General Electric Model X-181 Series 

The General Electric Model X-181 series re- 

ceiver has this problem of space -charge coup- 

ling discussed above and neutralizes its effect 

by means of a fixed capacitor connected be- 

tween the oscillator and the signal circuits. 
Fig. 4 shows a 1.0-mmf capacitor, C35, con- 

nected from the high side of the oscillator 
tuning capacitor to the high side of the mixer 
tuning capacitor. This capacitor serves to 

couple back this neutralizing voltage. The 

Fsc. 4.-The capacitor 
C35 serves to couple 
back the neutralizing 
voltage from the oscil- 
lator circuit to the sig- 
nal circuit. 

same problem and solution can be seen in the 
Olympic Models 6-601W, 6-601V and 6-602 

(Olympic page 15-5), and in other receivers. 

Montgomery Ward Model 54WG-2500A 

It must not be supposed that space -charge 
coupling between the oscillator and signal cir- 

cuits can take place only where the two circuits 
make use of the same tube envelope. Where 
separate oscillator and mixer tubes are used 

and where the oscillator signal is fed into either 
the cathode or a different grid than the signal 
grid, space -charge coupling takes place between 

the oscillator and signal circuits. This coupling 

is ordinarily not great enough to require neu- 

tralization where separate mixer and oscillator 

tubes are used, whereas in the converter tube 

the spacing between the oscillator and signal 

grids is so small that the energy transfer from 

oscillator to signal grids is of importance. How- 

ever in the Montgomery Ward receiver Model 
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54WG-2500A, where the oscillator signal is 
fed from the oscillator cathode to the mixer 
cathode as shown in Fig. 5, this space -charge 
coupling takes place. 

The neutralizing signal, fed from the oscil- 
lator plate so as to be out -of -phase with the 

TO R -F 
TANK 
CIRCUIT 

TO OSCILLATOR 
TANK CIRCUIT 

Fio. 5.-The neutral- 
izing signal is fed from 
the oscillator plate 
through C32 and a gim- 
mick, thus canceling 
the oscillator voltage 
appearing across the 
mixer input circuit due 
to space -charge coup- 
ling. 

directly coupled signal, is fed through a 4.7- 
mmf fixed capacitor C32 and a gimmick, shunt- 
ing this capacitor to the high side of the mixer 
input resonant circuit. This neutralizing volt- 
age cancels the oscillator voltage appearing 
across the mixer input resonant circuit due to 
space -charge coupling. The gimmick shunting 
the neutralizing capacitor increases this neu- 
tralizing coupling to the required point. This 
latter point is explained more fully in the sec- 
tion on "Gimmicks." 

Montgomery Ward Model 93WG-800 

A similar problem of capacitance coupling 
not due to space -charge coupling effects, is en- 
countered in the Montgomery Ward Model 
93WG-800. In this receiver, because of various 
circuits that could not be eliminated, capac- 
itance coupling takes place and oscillator volt- 
age appears on the grid of the r -f preselector 
tube. As shown in Fig. 6 this oscillator voltage 
is neutralized by feeding an out -of -phase 
signal to the r -f grid by means of a coil wind- 
ing and gimmick circuit coupled from the os- 
cillator cathode coil to the r -f tube grid. 

It is of interest to note that this neutraliz- 
ing circuit is only effective on the short-wave 
band. (Montgomery Ward page 15-99 shows 
the neutralizing circuit included in the short- 
wave clarified schematic but not in the broad - 
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cast -band clarified schematic.) Since the neu- 
tralizing -circuit pickup coil is coupled to the 
short-wave oscillator coil, and the gimmick 
is coupled to the short-wave r -f coil, this coil - 
gimmick circuit cannot pick up energy from 
the broadcast -oscillator coil during broadcast 
operation and feed it to the broadcast r -f coil. 

The reason for neutralizing on the short- 
wave band and not on the broadcast band may 
be explained as follows : 

The ratio of the r -f signal frequency to the 
oscillator frequency is much lower on the broad- 
cast band than it is on the short-wave band. 
For example, if the receiver intermediate fre- 
quency is 460 kc and the receiver is tuned to 
1000 kc on the broadcast band, then the oscil- 
lator frequency is 1460 kc, and the ratio of 
r -f signal frequency to oscillator frequency is 
68 per cent; on the short-wave band, assuming 
the receiver is tuned to 6000 kc, then the oscil- 
lator frequency is 6460 kc and the ratio of r -f 
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Fio. 6.-The oscillator voltage is neutralized by feed- 
ing an out -of -phase signal to the r -f grid by means of 
a coil and gimmick circuit coupled from the oscillator 
cathode coil to the r -f grid. 

signal frequency to oscillator frequency is 92 
per cent. Clearly, the oscillator frequency is 
much closer in terms of percentage to the r -f 
signal frequency on the short-wave band than 
it is on the broadcast band and as a result, 
the possibility of interaction is much greater 
on the short-wave band. For this reason, neu- 
tralization often is applied on the short-wave 
bands and not on the broadcast band in the 
same receiver. 
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PARASITIC RESISTORS 

A parasitic resistor is one of the most com- 

mon and effective methods of suppressing un- 
wanted oscillations. These unwanted oscilla- 
tions are called parasitic or spurious oscilla- 
tions and may occur at either a lower or higher 
frequency than the desired frequency. 

The effect of parasitics in a radio receiver 
will result in added plate dissipation, distortion 
due to overloading, and loss of power output 
due to the fact that this parasitic circuit will 
absorb the normal and useful energy from its 
associated circuit in order to sustain its own 
oscillations. 

It is impossible to predict where parasitic 
oscillations will occur in a radio circuit. They 
are most commonly found in the local oscillator 
and amplifier stages and usually are due to the 
inductance of the leads in the plate and grid 
circuits, being in parallel with the interelec- 
trode capacitance in the tube, that is, the grid 
to cathode (Cok) and the plate to cathode, 
(CA) capacitances. In other words, feed- 
back and resonance are caused between grid 
and plate circuits. This type of parasitic cir- 
cuit will be of a higher frequency than the 
desired one. Low -frequency parasitics some- 

times are produced by chokes of similar size 
located in grid and plate circuits. Fig. 1 shows 

Fra. 1.-Typical cir- 
cuit having a tuned -grid 
and a tuned -plate tank 
circuit. 

a typical circuit with a tuned -grid and tuned - 
plate tank circuit.* This and similar circuits 
may have parasitic oscillations at high fre- 
quencies, for at these high frequencies the in- 
ductive reactance, since it varies directly with 
frequency, becomes very large and therefore 
Li and L2 will act as an open circuit whereas 
the capacitive reactance, varying inversely with 
frequency, becomes very small, thereby having 
Cl and C2 act as a short circuit to these high 
frequencies. Fig. 2 shows the equivalent high - 
frequency parasitic circuit developed from the 
circuit given in Fig. 1, with the grid -cathode 

*For an explanation of a tank circuit see the section 
on oscillators. 

interelectrode capacitance Cpk in parallel with 
the inductance of the lead, from the grid 
through the short-circuited capacitor Cl and 
the plate -cathode interelectrode capacitance 
Cpk in parallel with the inductance of the lead 
from the plate through the short-circuited ca- 

pacitor C2. This parasitic circuit is of the 

Fia. 2.-Resultant 
parasitic circuit of Fig. 
1. 

tuned -grid, tuned -plate variety, which is easily 
seen in Fig. 2 and the frequency of oscillation 
is higher than that desired since both the in- 
ductance and capacity of the parasitic tuned 
circuit are less than the values of the original 
circuit. 

Fig. 3 shows a typical circuit where parasitic 
oscillations with a frequency lower than that 

Fia. 3.-Typical cir- 
cuit leading to low -fre- 
quency parasitic oscil- 
lations. 

desired might occur. L1 is the tuning in- 
ductance, Cl and C2 are the tuning capac- 
itances, L2 and L3 are r -f chokes. At low fre- 
quencies, the inductive reactance of Li is neg- 

ligible, but that of L2 and L3 becomes appre- 
ciable. The capacitive reactances of the tuning 
capacitors are also appreciable. Considering 
the above facts, it is possible to have a low - 

frequency parasitic circuit as shown in Fig. 4, 

Fia. 4.-Resultant 
parasitic circuit of Fig. 
3. 

which is a tuned -grid, tuned -plate circuit 
where L2 in parallel with Cl plus C2 plus the 
grid -cathode interelectrode capacitance forms 
the grid circuit and L3 in parallel with the 
plate -cathode interelectrode capacitance CA 

forms the plate tuned circuit. 

43 
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In order to damp these parasitic oscillations, 
comparatively small values of resistance, that 
is, from about 10 ohms up to about 150 ohms, 
are inserted in series with the grid and/or the 
plate leads thus reducing the effect of the 
parasitic oscillations and effectively leaving 
the original circuit unchanged. As will be 
shown, the grid and plate circuits are not the 
only places where parasitic resistors are used 
in radio sets nor is 150 ohms the largest value 
of parasitic resistor used, for in some cases re- 
sistors up to about 1000 ohms are found ne- 
cessary to suppress the spurious oscillations. 
Usually one can identify a resistor as being a 
parasitic suppressor by its value and lack of 
any other function in the circuit. 

Bendix Model 736B 

In the Bendix Model 736B, Fig. 5, R28, a 
10 -ohm resistor, is placed directly in series 
with the signal grid, pin 8, of the converter, to 
suppress any parasitic oscillations occurring 

T6 

AVC 

RZB 

R6 T Rß 

T7 

C3B 

I R19 

Fio. 5.-Bendix Model 736B converter stage. 

T3 

T1 

F1c. 6.-Converter stage of the International Detrola Model 568. 

there. Note that this resistor is placed adjacent 
to the grid and outside of the tank circuit, 
composed of T6, C19, C21, and C4B, designed 
to produce the required resonant frequency. 

Detrola Model 568 

In the International Detrola Model 568, Fig. 
6, there is a slight variation from the Bendix 
model. In this case, the parasitic circuit is 
again found in the converter stage in which a 
12SA7 tube is employed. The electrical char- 
acteristics of this tube are the same as that 
of the 6SA7 tube, which was the one under 
discussion in the Bendix case. Due to the na- 
ture of the circuit, however, it was found that 
parasitic oscillations instead of occurring at 
the signal grid, pin 8, are here found at the 
oscillator grid, pin 5 ; therefore, the parasitic 
resistor, R2, which is 150 -ohms, is placed di- 
rectly in series with this grid, outside of the 
oscillator tank circuit so as not to change the 
oscillator frequency. 

Pilot Model T-511 

Fig. 7 shows the converter stage of the Pilot 
Model T-511. Here again a 12SA7 tube is be- 
ing used, but the spurious oscillations that oc - 

20 -11 
TO PLATE 

OF R.F. 
12 SK7 

Fio. 7.-Converter stage of the Pilot Model T-511. 

cur are not where one might expect them to 
be. Looking closely at resistor 31-81, which is 
at the low side of the oscillator tank circuit, it 
appears as if this 150 -ohm resistor is shorted 
since it is grounded at both ends, and there- 
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fore has no function. Actually, this resistor 
is the parasitic suppressor damping out oscil- 
lations that occur between stray capacities, 
components of the oscillator circuit, and in- 

ductance of leads between different potentials 
of the chassis. Although we usually think of a 

chassis as being at one potential, nevertheless 
at high frequencies, components of a circuit 
that are grounded at different points on a chas- 
sis may be at different potentials due to the dis- 
tance and, therefore, the inductance between 
these chassis points will be different. In the 
Pilot model, the coil 72-45 is grounded to the 
chassis through a lead approximately 2 inches 
long. At the bottom of this coil is a lug to 
which the resistor 31-81 is soldered. The other 
end of this resistor is returned to a different 
point on the chassis, namely, the ground side of 
the 1400-kc trimmer and thus suppresses any 
parasitics that may occur between these various 
points. 

Zenith Model 9HO79 

These few examples show where parasitic 
resistors were needed in various portions of 
converter stages, in which it is rather common 
to have parasitic oscillations. The following 
will illustrate where resistors are used to damp 
spurious oscillations in amplifier stages of cur- 
rent radio models. Fig. 8 shows a 6K6GT tube 

6K6GT 

Soon 

g+ 

being used as a single, power amplifier in the 
Zenith Model 911079. Parasitic oscillations, 
that might occur in this circuit without the uA 
of R20, a 100 -ohm resistor, to squelch them, 
would exist between the plate and screen grid 
of the tube across the output transformer and 
probably would cause distortion and hum in 

the output. In order to overcome the effects 
of these unwanted oscillations, it was found 
necessary to put the parasitic resistor directly 
in series with the screen grid, pin 4, rather 
than the plate where it is more commonly used. 

8.-Zenith Model 
9H079 power amplifier. 

G. E. Model X-181 

Another fairly common source of trouble 
with spurious oscillations is found in tubes 
that are connected in push-pull, as shown in 

Fig. 9, in which is shown the output stage of 

the General Electric Model X-181. The cause 
for parasitics in circuits of this kind can us- 

ually be traced to the inductance of leads of 

Fo. 9.-6V6 tubes in the push-pull stage of the 
General Electric Model X-181. 

symmetrical wiring, in parallel with the inter - 
electrode capacities of the tubes. This will then 
cause a tank circuit resonant to a high fre- 
quency and hence we have our unwanted oscil- 

lations. R27 and R30 are the parasitic sup- 
pressors used in this case. They are placed 
directly in series with the grids of both 6V6 

tubes and note that these resistor values are 
rather high, being 1000 ohms each. The oscil- 

lations probably were of fairly great amplitude 
to require 1000 -ohm resistors to damp these 
parasitics. 

Westinghouse Model H-104 

Parasitic oscillations are not always over- 

come or sufficiently damped out by putting 
resistors in the plate or grid circuits, for some- 

Rls 

R16 

10.-6Y6G tubes in the parallel output stage of 
the Westinghouse Model H-104. 
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times it becomes necessary to insert parasitic 
resistors in both the plate and the grid circuits. 
In Fig. 10 is shown that such is the case in 
the Westinghouse Model H-104. Here two 
6Y6G tubes are connected in parallel in the out- 
put stage. When tubes are connected in pa- 
rallel, if parasitic oscillations do occur, they 
are very frequently of the tuned -plate, tuned - 
grid variety producing oscillations of a high 
frequency. In order to overcome the effects of 
the spurious oscillations in the Westinghouse 
Model, a 33 -ohm resistor was placed in series 
with each plate, that is R15 and R16, and a 
100 -ohm resistor was also placed directly in 
series with each grid, that is, R21 and R22. 

In connection with parasitic oscillations and 
their cures, it is interesting to bear the follow- 
ing in mind, especially in small ac -dc receivers. 
Changes in lead dress, that is, departures cre- 
ated during service operations may give rise to 
magnetic coupling between points, which in 
turn may cause unwanted oscillations. Curing 
such faults with parasitic resistors is not 
recommended, it being more advisable to 
eliminate the unwanted magnetic coupling by 
re -dressing leads. 

"HOW IT WORKS" 

On the other hand, replacement of compo- 
nents with others of widely different char- 
acteristics may give rise to parasitics which 
did not exist before. When such oscillations 
develop, recall the nature of the service opera- 
tion, the circuits involved, and the components 
replaced. In most cases, it will point to the 
possible location of the fault. 

The location of parasitics in audio sections of 
receivers requires a logical method of opera- 
tion. For that matter, the same is true regard- 
less of where the parasitic may be located. 
They should be sought without any excitation 
(signal input) applied. Very often they may 
be at frequencies very far removed from those 
expected in the system. Inasmuch as systems 
are more sensitive with reduced bias, para- 
sitics in audio circuits should be tested with 
the minimum safest grid bias, or zero bias if 
the plate and screen voltages can be reduced 
to safe values. 

The cathode-ray oscilloscope is by far the 
best method of tracing parasitics in audio 
systems, because it will disclose these spurious 
signals over a very wide range of frequencies- 
especially when they are beyond audible range. 
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GENERAL DISCUSSION OF 

SUPERHETERODYNE OSCILLATORS 

The purpose of the oscillator in a superhet- 
erodyne receiver is to provide a signal which 
will beat with an incoming broadcast signal and 
produce in a mixer tube an intermediate -fre- 
quency signal which is similar in modulation 
characteristics to that of the broadcast signal. 
In some sets, the oscillator signal is developed 
by a separate tube and circuit which is coupled 
to a mixer tube; in others, the functions of the 
oscillator and mixer are combined within a 

single tube. 
The arrangement employed to produce the 

i -f signal is shown in Fig. 1. This block dia- 
gram represents equivalent sections of a super- 
heterodyne receiver which is tuned to a broad- 
cast signal of 1000-kc. The 1000-kc signal is 
amplified by the r -f stage and applied to the 
input circuit of the mixer stage. The set os- 
cillator supplies a 1450-kc signal which com- 
bines with the 1000-kc incoming broadcast 
signal in the mixer to produce an intermediate 
frequency which represents the difference be- 
tween 1450 kc and 1000 kc or 450 kc. The i -f 
amplifier is tuned to the 450-kc signal. 

A 450-kc signal would likewise result if the 
oscillator operated at 550 kc instead of 1450 kc, 
since the difference between 1000 kc and 550 kc 
is also 450 kc. In practice, though, most re- 
ceiver oscillator circuits are designed to func- 
tion at a frequency which is higher than that 
of the incoming broadcast signal. 

Image Frequency 

We have described briefly how the desired 
incoming broadcast signal is changed in fre- 
quency so that it may be amplified by an i -f 
amplifier. It is also possible for undesired 
signals to be converted to the intermediate 
frequency and therefore to be amplified by the 
i -f stages, thus causing interferencd. For in- 
stance, if the receiver were tuned to a weak 
10,000-kc incoming signal, the oscillator nor- 
mally would function at 10,450 kc to produce 
the desired 450-kc i -f signal. But if a strong 
10,900-kc signal were likewise present in the 
antenna circuit, it might force its way through 
to the mixer along with the desired 10,000-kc 
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signal. Since the oscillator is functioning at 
10,450 kc, it will beat with not only the 10,000- 
kc signal but also with the 10,900-kc signal 
and change the frequency of each to 450 kc, 
because the difference between 10,900 kc and 
10,450 kc is the same as that between 10,000 kc 
and 10,450 kc. Both the desired and the un- 
desired signals will then be present in the i -f 
amplifier and interference will result. 

This type of undesired response is known as 
image -frequency response. The image fre- 
quency always differs from the desired fre- 
quency by twice the intermediate frequency. 
Whether the image frequency is higher or lower 
than the desired frequency to which the re- 
ceiver is tuned depends upon the relation of 
the oscillator frequency to that of the incom- 
ing signal. In most cases, the oscillator fre- 
quency is higher than the desired signal fre- 
quency. Then the image frequency must also 
be higher, if the i -f signal is to result. In some 
receivers, particularly on higher frequency 
bands, the oscillator frequency is lower than 
that to which the receiver is tuned. Then the 
image frequency also must be lower in fre- 
quency. Thus, if the receiver were tuned to 
20,000 kc and the oscillator frequency is 19,550 
kc, the i -f signal is 450 kc, and the image fre- 
quency becomes 19,100 kc. 

Image -f requency response is particularly 
troublesome at very high frequencies, since the 
percentage frequency difference between the 
image frequency and the desired frequency is 
small, if the i.f. is of the order of 450 kc. Under 
such conditions the selectivity which can be 
attained by the r -f amplifier is not sufficient to 
exclude strong undesired signals when the re- 
ceiver is tuned to a weak signal. The difficulty 
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1.-Block diagram showing how the broadcast 
and oscillator signals combine to form the i -f signal. 
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becomes more pronounced as the i.f. is low- 
ered ; that is why an i.f. of the order of 175 kc 
is not used in all -wave receivers. If it were, 
then the image frequency would differ by only 
350 kc from the frequency to which the re- 
ceiver is tuned, whereas if the i.f. is 450 kc, 
the image frequency is 900 kc removed from 
the desired signal frequency. Thus, in the 
latter case, better rejection of the undesired 
signal by the tuned r -f circuits is obtained. 

It might seem that a still higher intermediate 
frequency might be employed to advantage and 
this is true when receivers are designed solely 
for u -h -f reception. Intermediate frequencies 
in such superheterodynes are often of the 
order of 3 me or higher. For all -wave receivers, 
such a high intermediate frequency is unde- 
sirable because it would be necessary to omit 
a band of frequencies near that of the i.f. 
since signals in that vicinity would be picked 
up directly without the heterodyning oscillator. 
Further, lower intermediate frequencies give 
greater i -f selectivity and gain. 

Recognition of the normal image response 
of superheterodynes is of particular import- 
ance in aligning all -wave receivers on short- 
wave bands. (See section on "Alignment" for 
further details.) 

OSCILLATOR CIRCUITS 

Examination of the radio receivers shown in 
Volume XV, discloses that three main types of 
L -C oscillator circuits are employed. These are 
the Hartley oscillator, the tickler -coil oscillator, 
and the Colpitts oscillator. Incorporated with 
these different oscillator circuits are many in- 
teresting and unique features that are worthy 
of comment. Some of these include special 
types of trimming and padding networks, dif- 
ferent types of oscillator voltage injection, 
flattening out of oscillator bias voltage, and a 
host of others. Since these odd features occur 
in one or more of the three types of oscillator 
circuits mentioned, it will be most helpful to 
discuss the oscillator circuits themselves be- 
fore analyzing the unusual features incorpor- 
ated within the respective circuits. 

In brief, an oscillator is a special vacuum - 
tube circuit wherein d -c power applied to the 
vacuum -tube elements is converted into a -c 
power, which is available from the grid or 
plate circuits. Stated differently, perhaps in 

"HOW IT WORKS" 

accordance with its practical application, an 
oscillator is a source of alternating current 
and/or voltage of any desired frequency. 

The ability of a vacuum tube to function as 
an oscillator is predicated upon its ability to 
amplify. Due to this behaviour, the output 
from a tube can be greater than its input and 
under proper conditions, it can supply its own 
input. This action contrasts the oscillator from 
the power amplifier. Moreover, it is this action 
which makes possible the development of sus- 
tained oscillations of a predetermined fre- 
quency, established by the constants of the 
circuit. 

"Feedback" or Regeneration 

The development of sustained oscillations in 
a vacuum tube requires the fulfillment of a 
number of very important conditions. The first 
of these is the presence of regeneration, also 
identified as "feedback", by which is meant 
the repeated transfer of a -c energy from the 
output circuit back to the input circuit. Any 
one of a number of existing paths may be pro- 
vided for this feedback, there being certain 
preferred methods as will be shown later. 

Practically, the development of sustained os- 
cillations is instantaneous - but actually a 
finite amount of time is required, the time be- 
ing determined by the frequency of the oscil- 
lations, the amount of feedback, and the losses 
in the circuit. The process of feedback is ex- 
plained by the term : that some of the energy 
in the output circuit is fed back or returned 
to the input. Each time this happens, the 
signal in the input circuit is increased-like- 
wise the signal in the output circuit - until 
eventually, which may be a matter of a very 
small amount of time, the a -c energy in the 
output circuit has reached the maximum as 
permitted by the operating voltages and the 
circuit conditions. It is important, however, 
to understand that the continued existence of 
such an oscillatory state requires the continued 
existence of feedback of suitable proportions. 
The reference to "feedback of suitable propor- 
tions" leads to another very important detail. 
It is possible that feedback exists in an oscil- 
lator circuit, yet sustained oscillations are not 
produced. Several conditions may contribute to 
this state. 

First of all, the "phase" of the feedback is not 
correct. In an amplifying tube, the a -c voltage 
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representing the signal on the plate of the tube 
is 180 degrees out -of -phase with the a -c voltage 
which is present on the grid of the tube. In 
order to strengthen the signal voltage on the 
grid, the feedback voltage returned from the 
plate circuit to the grid circuit must be of the 
proper instantaneous polarity so as to re - 
enforce the signal voltage on the grid. If this 
condition is not fulfilled, then the feedback 
voltage will tend to reduce the signal voltage 
at the grid which in time will reduce the signal 
voltage on the plate circuit. The net result 
would be failure of the system as an oscillator. 
Such a system may display momentary signs 
of behaving as an oscillator; for that time ne- 
cessary to permit the signal voltage at the 
grid of the tube to become zero. 

Consequently, in order that the generation 
of oscillations start, it is necessary that the 
voltage fed back from the plate to the grid 
be in phase with the grid voltage, which means 
out of phase with the a -c voltage existing in 
the plate circuit. 

Limitation of Losses 

Now, it is entirely possible that properly 
phased feedback exists, yet the device is a 
very feeble and unstable oscillator. This leads 
to the second important condition which must 
be fulfilled in an oscillator system. It is the 
limitation of losses in the circuit and the ab- 
sence of power -absorbing systems, devices, or 
components adjacent to or in the oscillator. 
The amount of feedback required in an oscil- 
latory system to maintain oscillations depends 
to a great extent upon the amount of losses 
present in the system. By these losses are 
meant conditions native to the circuit which 
tend to conserve or dissipate the energy fed 
back to the grid circuit. If the coils and 
capacitors which comprise the grid circuit are 
not as efficient electrically as they should be, 
consequently, most of the energy fed back from 
the plate is dissipated in the form of heat in 
these components. The necessary increase in 
signal voltage at the grid will not be accom- 
plished and either the system as a whole will 
not oscillate or it will be erratic. 

Such losses are not limited to the grid cir- 
cuit ; they can take place in the plate circuit 
as well, with similar overall effects. A function 
of the feedback is to return sufficient a -c energy 

from the plate to the grid circuit which will 
overcome the losses present in the circuits, and 
also to furnish that minute amount of signal 
which is required to permit building up the 
signal voltage to a sustained oscillatory state; 
in other words, to provide the necessary grid 
excitation voltage. 

Loss conditions which will prevent the de- 
velopment of sustained oscillations are not 
necessarily limited to the components which 
are connected directly into the oscillating cir- 
cuits. It is possible that an adjacent compo- 
nent, such as a length of wire, or a coil with the 
required distributed capacity, or a tuned circuit 
adjacent to the oscillator circuits may be ab- 
sorbing so much energy from the oscillator 
system at the operating frequency as to prevent 
its proper functioning as a source of sustained 
oscillations. Such energy -absorbing components 
or circuits adjacent to an oscillator display an 
effect tantamount to the introduction of very 
high losses into the oscillating system. 

Concerning loss -producing elements in an 
oscillatory system, every component and every 
connection may be the point at which the losses 
reach such excessive proportions as to prevent 
the circuit from oscillating. 

Oscillator Tubes 

Defective tubes or wrong operating poten- 
tials are commonplace reasons for improper 
performance of oscillator circuits. As a matter 
of fact, changes in tube performance due to 
"ageing" will display a relationship to fre- 
quency of oscillation, the higher the frequency, 
the more critical being the requirements. In 
multi -band oscillator circuits, much more 
trouble is encountered on the high -frequency 
bands than on the broadcast band. 

Certain tubes will generate sustained oscil- 
lations much more readily than others - even 
when the tubes are of identical type and manu- 
facture. Of the various operating potentials 
applied to a tube, control grid, screen and plate 
voltage are the most important. In all tubes, 
the operating grid bias plays a very important 
role in determining the ease of starting oscil- 
lations and stability over the complete fre- 
quency range. In the case of tetrode and pen- 
tode type tubes, the screen voltage is more 
critical than the plate voltage with respect to 
stability and general output performance. 
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The Tank Circuit 
f= 1 1 

The frequency of oscillations generated in 27r\,/LC 2 X 3.14 V 250 X .00016 
an L -C oscillator system is influenced in part 
by the vacuum tube used, in that certain tubes 
are not capable of providing oscillations higher 
than a certain limit. The main factor, how- 
ever, is the L -C constant of the inductance and 
capacity present in what is called the tuned or 
"tank circuit". Every oscillator which uses 
inductance and capacity has such a tank circuit. 

The oscillator "tank" is a parallel combina- 
tion of inductance and capacity, as shown in 
Fig. 2. It may be located in the plate circuit, 
grid circuit, cathode circuit or even external to 
the tube circuit elements as an external link 
which may couple the grid and plate circuits 
of the vacuum tube. The designation "tank 
circuit" is applied because of its action as a 
reservoir or storage tank of energy during cer- 
tain moments of oscillation production. 

CIRCULATING 
OSCILLATORY 

1 CURRENT 

A SMALL A -C 
INPUT SIGNAL 

15 USED TO 
START THE L -C 

CIRCUIT 
OSCILLATING 

Fio. 2.-A small a -c input signal is used to start the 
L -C circuit oscillating. 

The constants of such tanks determine 
frequency of the oscillations produced in 
vacuum -tube system, the actual frequency 
ing determined by the equation 

f= 
.277.-\/ LC 

where f = the frequency of oscillations 
L = the inductance 
C = the capacitance 
7r = a numerical quantity equal to 3.14 

If L is expressed in henrys and 
C is expressed in farads there 
f will be in cycles per second 

Also if L is expressed in microhenrys and 
C is expressed in microfarads then 
f will be expressed in megacycles. 

For example, if the inductance of the oscil- 
lator circuit is equal to 250 microhenrys and 
the capacitance is equal to 0.00016 microfarad 
(or 160 micromicrofarads) then the frequency 
of oscillations will be : 

1 

the 
the 
be - 

f 

1 

6.28/.04 
1 1 

6.28 X .2 1.256 

_ .08 mc or 800 kc (approximately) 

The inductance L may consist of one or more 
coils, usually one; the capacity C may consist 
of one or more capacitors, usually several in 
the oscillator system of a receiver, as will be 
illustrated later. 

Analysis of the Tank Circuit 

The analysis of how the tank circuit behaves 
is a very important factor in the study of os- 
cillator circuits, and while it is true that the 
constants of receiver oscillator circuits are 
predetermined during their design and not sub- 
ject to change during repair, the repairman 
has everything to gain and nothing to lose 
by understanding what happens in these 
circuits. 

For the sake of clarity, the theoretical tank 
circuit will be assumed to be free of all re- 
sistance in the coil L and in the capacitor C. 
In other words, both these components are free 
of all losses which would tend to dissipate any 
energy fed into the circuit. If we assume that 
such a circuit is excited by some external force 
of some kind, as an a -c signal, a current of the 
frequency determined by the constants of the 
circuit will commence flowing in the tank be- 
cause of a to-and-fro transfer of energy from 
the capacitor to the inductance. In other words, 
the circuit will start oscillating and theoretic- 
ally would continue to do so forever, since 
there is no resistance or electrical friction to 
dissipate the electrical energy within the cir- 
cuit and so damp the oscillations. Such a con- 
dition is theoretical, of course; in practice, it 
is impossible to achieve such a circuit com- 
pletely free of resistance. The start of oscilla- 
tions is brought about as follows : 

Suppose we assume a momentary application 
of voltage to the capacitor so that it becomes 
fully charged; then the exciting voltage is re- 
moved. When we say a capacitor is charged, 
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we mean that the electrical energy stored in 

it is stored in the electrostatic field which ex- 

ists between the active surfaces of the plates 

of the capacitor. This is our starting point. 
1. With the fully charged capacitor con- 

nected across the coil, the capacitor begins to 

discharge through the coil and in so doing 

causes a changing current to flow through the 

coil. This changing current creates a magnetic 
field around the coil. Eventually the voltage 

across the coil equals the voltage across the 

capacitor, which coincides with the maximum 
current flow through the coil in, let us say, 

the positive direction. The electrical energy 
previously stored in the electrostatic field be- 

tween the capacitor plates now is stored in the 

electromagnetic field surrounding the turns of 

the coil. 
2. Since an electrical pressure no longer ex- 

ists across the capacitor to cause continued 
flow of current through the coil, and since the 

electromagnetic lines of force have reached 
their maximum strength across the coil and 

there is no electrical force present to keep 

them there, the field starts to collapse. This 

collapsing field induces an E.M.F. across the 

coil in such a direction as to charge the ca- 

pacitor in the opposite direction. When the 

capacitor is fully charged in this opposite di- 

rection, all the energy stored in the electro- 

magnetic field around the coil has been returned 
to the capacitor and is in its electrostatic field. 

3. The capacitor now is fully charged in the 
opposite direction to what it was at first, and 

it commences to discharge, causing current to 

flow through the coil in the opposite direction 
and the electromagnetic field around the coil 

begins to build up. The electromagnetic field 

continues increasing until it reaches its maxi- 

mum strength which corresponds to the dis- 

charge of the capacitor, at which time all the 
energy previously stored in the electrostatic 
field of the capacitor now has been stored in 

the electromagnetic field of the coil. 
4. The field around the coil starts to col- 

lapse and induces a voltage which begins to 

charge the capacitor in the opposite direction, 
eventually charging it to the full voltage and 
transferring all the energy in the electromag- 
netic field around the coil to the electrostatic 
field created between the capacitor plates. 

Thus a cycle of current flow between the ca- 

pacitor and the coil is completed, which is the 

same as saying that a cycle of oscillation has 

been completed. In a circuit having no resist- 
ance, an initial charge applied to the capacitor 
would cause the interchange of energy from 
coil to capacitor for an indefinite period. Since 

all circuits possess resistance, however, and 
this would tend to dissipate the energy, peri- 
odic excitation of such a circuit is necessary to 

maintain the oscillations at a constant ampli- 
tude, otherwise they would gradually decay 

and eventually be non-existent. The reference 
"tank" applied to such a circuit is due to the 
fact that it acts as a reservoir of energy in be- 

tween the moments when the excitation is 

applied. 
The number of times each second that the 

transfer of energy takes place between the 
coil and the capacitor, is determined by the 
constants of L and C. By suitable selection of 

L and C, the tank can be made resonant to any 

desired frequency and thus produce oscillations 
of that frequency. Oscillations may be pro- 
duced in a resonant circuit, even when the, 
excitation may be at some other frequency; ail 

that is necessary is that the circuit be excited 
periodically so as to maintain the flow of 

current. 

The Tickler -Coil Oscillator 

One of the most common types of oscillators 
used today is the tickler -coil oscillator circuit, 
a typical circuit being shown in Fig. 3. The 

operation of the circuit is very simple and is 

as follows: 
Initially the grid of the tube is not biased and 

it is considered at zero potential. In other 
words, the smallest voltage appearing on the 

Fio. 3.-Typical tickler -coil oscillator circuit. 
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grid causes an immediate change in the plate 
current and, therefore, an a -c signal appears 
in the plate circuit of the tube. This a -c signal 
current will have to flow through coil Li and 
then back to the cathode circuit to complete its 
path. Coil Li is situated near coil L2 in such 
a manner that there exists a mutual inductance 
between the two coils. All that coil Li needs 
is a very small quantity of a -c signal to flow 
through it in order to set up changing magnetic 
lines of flux. In other words, the most minute 
current change through Li will induce, by 
means of regular transformer action, a voltage 
into coil L2. This small amount of induced 
voltage immediately excites the L2 -C network 
into oscillations at its natural frequency. These 
oscillations are then transferred to the grid 
of the circuit through Cb and they become the 
a -c signal that constantly appears on the grid. 
The tube amplifies this a -c signal and it always 
reappears on the grid with its frequency de- 
termined by the resonance of the L -C network. 
By virtue of the tickler -coil Li being in the 
plate circuit, some energy is always fed back 
from the plate circuit to the grid circuit by 
means of induction. This fed -back energy is 
supposed to replenish the energy lost because 
of the inherent resistance in the circuit and 
hence oscillations are always maintained. The 
resistance R, serves as the grid resistor of the 
circuit and the d -c drop across this resistance 
is the self bias for the oscillator tube. In fact, 
one quick way to test if the circuit is oscillating 
is to find if there is any d -c drop across this 
grid -bias resistor. During oscillation, a d -c 
voltage will exist across the grid leak. This 
voltage is frequently mentioned as reference 
service data. This measurement must be made 
with a vacuum -tube voltmeter. The frequency 
of oscillations in this type of circuit is deter- 
mined primarily by the inductance of L2 and 
the capacitance of C. The capacitor CI is used 
to bypass the a -c signal currents around the B 
supply so that there will not be any voltage 
drop due to the impedance of the B supply. 

The tickler -coil oscillator shown here has 
the tuned L2 -C circuit in the grid side and the 
tickler -coil in the plate side. There are, how- 
ever, other tickler -coil oscillator circuits that 
have the tuned circuit in the plate side of the 
tube. In order to differentiate between the 
two, the latter type circuit is known more fully 
as the "tuned -plate tickler -coil oscillator" and 

the circuit of Fig. 3 is known as the "tuned -grid 
tickler -coil oscillator." 

The Hartley Oscillator 

Another very common type of oscillator cir- 
cuit is the well-known Hartley oscillator. There 
are two different types of Hartley oscillator 
circuits : the series -fed Hartley and the shunt - 
fed Hartley. As far as this section is con- 
cerned, we will consider only the series -fed cir- 
cuit since that is the type most commonly 
found in radio receivers of today. A typical 
(series -fed) Hartley oscillator circuit is shown 
in Fig. 4. The circuit essentially consists of a 

4.-Illustrating a typical Hartley oscillator 
circuit. 

parallel -tuned inductive -capacitive network 
with the coil tapped. The tapped section of 
the coil is returned to the cathode of the tube, 
the high side of the network is connected to the 
grid circuit, and the low side of the network 
is usually connected to ground or B minus. This 
circuit functions in the following manner. 

First, an a -c signal appears on the plate of 
the tube in a manner similar to that described 
in the preceding section on the tickler -coil os- 
cillator. The lower portion of the coil L2, serves 
the same purpose as the tickler coil of the 
former oscillator; therefore, the inductance of 
L2 is small and the tap on the coil is made very 
near the grounded side. The a -c signal current 
flowing through the plate circuit of the tube 
flows through L2 to complete its path back to 
the cathode. The capacitor CI bypasses these 
a -c signal currents around the B supply and 
thus prevents a drop in a -c signal voltage due 
to impedance of the B supply. 
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The signal current flowing through Lz sets 
up a magnetic field whose lines of flux envelope 
the coil Li and, therefore, a voltage is induced 
in this latter coil. This small amount of a -c 

signal induced in the coil Li starts oscillations 
of the inductance -capacitance network which 
consists primarily of the capacitance C and the 
total inductance of Li plus L2. The reason why 
both Li and L2 are involved is due to the fact 
that one end of the capacitor C is grounded 
as well as L2. The oscillations are then fed in- 
to the grid circuit through the capacitor Cb. 

The grid circuit then varies according to the 
oscillations produced and there is a continuous 
replenishing of energy back to the grid circuit 
from the plate circuit (by virtue of the coil 
which is connected as an autotransformer) to 
sustain oscillations. In the circuit of Fig. 4, 

the B battery is in series with the plate coil L2 

(that coil which feeds back the a -c signal from 
the plate to the grid circuit), therefore, this 
circuit is termed a "series -fed Hartley oscil- 
lator." The resistor R1 serves the purpose of 
a grid -leak resistor and the tube receives its 
self bias due to the d -c voltage drop across this 
resistor. Noting whether the required amount 
of d -c voltage drop is across R1, is a quick 
way of determining if the circuit is oscillating. 

The greater the number of turns in the feed- 
back coil section L2 then the greater will be 
the voltage fed back to the coil Li. This would 
mean that for a greater feedback voltage the 
whole coil would have to approach being center - 
tapped rather than tapped just a few turns 
from the grounded end. Although a larger 
feedback voltage is often desired, it is not 
preferable to raise the tap on the total coil to 
obtain this increase. This is because ' if the 
tap were placed higher up, then the capacitive 
reactance of C will be effectively smaller than 
the inductive reactance of the feedback coil L2 

and the capacitor will then offer a lower im- 
pedance to the feedback voltage. In this case, 
the voltage that would be fed back would be 
practically shunted by the capacitor C (not 
much going through L2) and it would be of a 
degenerative nature and buck, not aid, the a -c 

signal output from the tube. 

The Colpitts Oscillator 

In the Hartley circuit, it was shown how the 
ratio of the two inductances of the coil was a 

determining factor in maintaining oscillations. 
A similar situation exists in the Colpitts oscil- 
lator, of which a typical circuit is shown in 
Fig. 5. In this circuit instead of a tapped coil, 
we effectively have a tapped capacitor. The 
operation of this circuit is similar to the 
Hartley. The tube also needs the slightest 
amount of electron movement to change the 
zero bias existing on the grid and therefore to 
have an a -c signal appear on the plate. An a -c 

signal current flows from the plate of this tube 
through the circuit as shown and returns to 
the cathode to complete its path. Ci is the feed- 
back capacitor used to feed the output voltage 
back to the frequency determining components, 
which in this case are the coil L and the series 
capacitance combination of C in series with 
CI. The reactance of Ci is small compared to 
the reactance of the coil L so that the signal 
fed back is not shunted by the coil. The ca- 
pacitor Ci is of such a value that all it needs 
is a small amount of signal current flowing 
through it to start the circuit resonating. The 
ratio between C and Ci is so chosen that the 
energy fed back from the plate through the 
capacitor Ci is of such a value that there is built 
up enough of an oscillator voltage to be in - 

Flo. 5.-A typical Colpitts oscillator circuit. 

jetted into the grid to keep the complete circuit 
in oscillation. The r -f choke in the circuit pre- 
vents the a -c signal currents from flowing 
through the B supply and at the same time 
capacitor Cz serves the purpose of coupling the 
a -c signal from the plate to the feedback ca- 
pacitor C1. The resistor R1 serves the purpose 
of a self biasing grid -leak resistor for this 
oscillator. 

Galvin Motorola Model 405 

In the Motorola Model 405, a Hartley oscil- 
lator circuit is used but the necessary in- 
ductance for the oscillator frequency is ob- 
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tained in an unusual manner. The oscillator 
circuit, shown in Fig. 6, uses the oscillator sec- 
tion of a 6SA7-GT converter tube. It will be 
seen that there are three variable components 
comprising the oscillator circuit, these being 
C10, L3, and L4. In the usual Hartley oscil- 
lator, the inductance for the tuned tank circuit 
is obtained from a single coil, but in this circuit 
the inductance used to determine the oscillator 
frequency is obtained by the parallel combina- 
tion of L3 and L4. The selecting of stations by 
this set is accomplished by permeability ganged 
tuning. In other words, L3 in conjunction with 
the tuning inductances of the r -f stages of this 
receiver is used to tune in the stations similar 
to the previous ganged -capacitor tuning. 

65A7 -GT 
OSC,-f10D. 

C9 

MMF 

40 
MMF 

NOHINA 

CIO C11 

400 
MMF 

R3 
47K 

2 

7 

B"- / 

L3 

R4 
22K 

.05] 5 

B+ 
i 

GANGED O5C. 
TUNING CONTROL 

O5C. PADDER 

6.-Hartley oscillator 
Motorola Model 405. 

circuit of the 

R5 
22K 

Galvin 

Usually in such permeability -tuned Hartley 
oscillator circuits, the one oscillator coil that 
is used is tapped, the tap being connected to 
the cathode. In the circuit under discussion, 
this is not so. In parallel with the tuning in- 
ductance L3 is another inductance L4, which 
is also made variable by a tuning slug inside 
its core. This latter inductance L4 is the coil 
that is tapped and this tap goes to the cathode 
of the 6SA7-GT tube to complete the Hartley 
oscillator circuit. The inductance L4 is made 
variable for tracking purposes. In this set it 
is termed the "oscillator padder" and it takes 
the place of the usual series padding capacitor. 
The slug of this coil L4 is used for proper track- 
ing at the low -frequency end of the dial. The 
total inductance necessary to determine the fre- 
quency of oscillations, as mentioned before, is 
obtained by L3 and L4 in parallel. The total 
inductance of any two inductances in parallel 

"HOW IT WORKS" 

is determined similarly to resistances in 
parallel, therefore : 

L total - 
L3 + L4 

L3 X L4 

Assuming then, that if L3 equals 300 micro - 
henrys and L4 equals 150 microhenrys, the 
total inductance would be 

150 X 300 
L total = 

150 + 300 
45000 

450 
= 100 microhenrys 

One of the advantages derived from this type 
of paralleling inductances is that a more con- 
stant form of oscillator output is produced. 
In other words, by connecting the cathode of 
the 6SA7-GT tube to the oscillator padder coil 
L4 instead of the oscillator tuning coil L3, 
variations in the output of the oscillator over 
the complete range of the band are reduced. 
If the hook up was such that the cathode was 
tapped to L3 instead of L4, the mutual in- 
ductance of the oscillator coil would vary a 
great deal during tuning and naturally, this 
would disturb the frequency of oscillations. 
The capacity for determining the frequency of 
oscillations is determined by the parallel com- 
bination of C10 and C11. Capacitor C10 is 
used as a trimmer for the proper tracking at 
the high end of the band and capacitor C11 
is a 400-mmf fixed mica capacitor, this being 
the primary capacity -determining element of 
the circuit. To find the total capacity of two 
capacitors in parallel, the capacities are added 
similar to the way resistances in series are 
added. Therefore, for this oscillator under dis- 
cussion the total capacity is : 

C total = C10 + C11 

and if C10 is trimmed to 30 mmf, then with 
C11 equal to 400 mmf, we have : 

C total = 30 + 400 = 430 mmf. 
Knowing the total capacity in the circuit and 
also the total effective inductance, the fre- 
quency of oscillation is thus determined by the 
following : 1 

f = 
277- V LT Cl 

where LT equals the total inductance and CT 

equals the total capacity in the oscillator cir- 
cuit. For a more concise breakdown we get: 
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1 

27T L4/ CC10 
+ C111 

One must bear in mind, however, that the 
values of L3, L4 and C10 are variable and that 
after proper alignment they are considered to 
be fixed for the correct adjustment of the de- 
sired oscillator frequency. 

Stewart Warner Model 72CR16 (9004B) 

In the Stewart Warner Model 72CR16 and 
72CR26 a Hartley oscillator circuit is also used 
with an inductive padder. The oscillator circuit 
is shown in Fig. 7. In this circuit the tuning 
of the oscillator circuit is accomplished by ca- 
pacitor tuning which is ganged to the r -f tun- 
ing capacitors of the set. Only one coil is used 

1ST 

1 IF. 

7 

6SA7 
CONVERTER 

4 

22K 

äiv 
OSC. 
PA DER 

331.< 

50 B+ 

TRIMMER 

TI- 

TUNING 
ED OSC. 

CAPACITOR 

7.-Hartley oscillator circuit of Stewart Warner 
Models 72CR16 and 72CR36. 

in this Hartley oscillator circuit but the in- 
ductance of the coil is made variable for better 
tracking purposes. It is used for tracking at 
the 600-kc low -frequency end of the band. By 
the use of such permeability tuned oscillator 
coils, a series padding capacitor is not needed. 
In other words, a series capacitance or a shunt 
inductance in a tuned oscillator tank circuit 
affects the frequency of the circuit in the same 
way ; that is, when the inductance or capac- 
itance is increased or decreased, then the fre- 
quency of oscillations is decreased or increased 
respectively in either case. 

This is evident by considering the simple 
tank circuit of Fig. 8, which shows a tuning 
capacitor in series with a capacity padder 

(variable) and in shunt with a 
ductive padder. First, consid( 
iron slug into the core of coil 
ance will increase. If the induct 

1 

then from f = , the resonant fre- 
27rVLC 

quency of the tank circuit will decrease, assum- 
ing that both capacitors remain fixed. Now if 

FIG. 8.-Circuit illus- 
trating how a series 
capacity padder and a 
shunt inductance pad - 
der affect the tank cir- 
cuit the same way. 

TUNING 
CAPACITOR 

both the inductance and the tuning capacitor 
are considered fixed and the capacitance of C 

increases, then the total capacitance of the 
circuit increases because when either one of 
two capacitors in series is increased, the total 
capacitance is likewise increased. Therefore, 
from the same resonant frequency formula, in- 

creasing the capacity of the circuit decreases 
its resonant frequency. The reader should 
likewise understand that capacitors in parallel 
and inductances in series also have their total 
capacity and inductance increased when any 
one of their components is increased. The main 
difference, however, between this latter type of 
increasing capacity and inductance compared to 

that illustrated in Fig. 8, is that in using the 
parallel -inductance method or series -capacity 
method, the actual increase is small as com- 

pared to the true change of inductance or ca- 
pacitance in the unit varied. 

Stewart Warner Model 62T16 

In the short-wave band of the Stewart 
Warner Models 62T16 and 62TC36, a modified 
Hartley oscillator circuit is used. The circuit 
under discussion is shown in Fig. 9. In this 
Stewart Warner model, the tuning on the 
broadcast band is accomplished by ganged - 
permeability tuning, including all r -f and os- 

cillator tuning; however, in the short-wave 
band there is only oscillator tuning but no r -f 
tuning. An examination of Fig. 9 shows that 
only the oscillator section of the converter 
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stage is tuned and not the r -f section. The fre- 
quency range of the short-wave band is small 
enough to allow the coil L in conjunction with 
capacitors Ci and C2 to be broad enough to 
pass all the frequencies of the short-wave band. 
Consequently, only the oscillator section need 
be tuned for the proper frequency conversion 
to take place within the 6SA7 tube. 

The oscillator circuit in this band is a modi- 
fied form of the Hartley circuit shown at the 
beginning of this oscillator section. In this cir- 
cuit there are two coils in parallel to obtain 
the necessary inductance. One coil is used for 
the toning of the oscillator and the other coil 
is used as the fundamental coil supplying the 
feedback energy from the plate circuit to the 
grid circuit of the oscillator section of the 
6SA7 tube. The cathode in this case is grounded 
as well as the tapped section of coil Li. The 
circuit functions in this manner: 

The second grid of the 6SA7 tube functions 
as the plate of the oscillator tube and it is 
brought out of the tube, connected to another 
grid, to pin No. 4. Due to a momentary change 
of potential on the oscillator grid, pin No. 5, 
an alternating current flows in the oscillator 
section of the tube and this a.c. goes to the os- 
cillator plate (often referred to as the "oscil- 
lator anode") of the tube. From this plate the 
a.c. flows through capacitor C, through the 
lower section of coil Li then to ground. Since 
the cathode is also at ground potential, then 

AVC 
I 

GANGED OSC. 
TUNING CONTROL 

6SA7 
DET-OSC. 

e. 

9.-Stewart Warner Models 62T16 and 62TC36 
converter circuit showing tuning of the modified Hart- 
ley oscillator but without any tuning of the r -f section. 

the return circuit for this a.c. is complete. By 
induction, a voltage is induced in the upper 
half of coil Li that starts the inductive -capac- 
itive tank circuit into oscillation. The grid 
receives a voltage of oscillator frequency 
through capacitor C3 and this oscillator voltage 
is amplified by the oscillator section of the tube. 
Some of this amplified signal is fed back to the 
coil Li from the anode (plate) of the oscillator 

and in this manner the oscillator tank circuit is 
fed constantly with some feedback voltage and 
continues to oscillate. In this circuit the true 
inductance used to determine the frequency of 
oscillations is the inductance of the total coil L2 
in parallel with only the upper section of coil 
Li. The reason why the inductance of the upper 
section of Li is only considered and not the in- 
ductance of the total coil is due to the fact that 
the tap of the coil is grounded and so are the 
capacitors and L2 of the tank circuit; therefore, 
the tank circuit is completed through ground. 

Lear Model 6614 

In the Lear Models 6614, 6615, 6616, and 
6619, a tickler -coil oscillator circuit is employed 
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t 
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FIG. 10.-Lear Model 6614 showing tickler -coil oscil- 
lator circuit. 

which uses permeability tuning (ganged to the 
r -f section). The oscillatory circuit is shown 
in Fig. 10. This tickler -coil oscillator circuit 
is slightly different from that shown in Fig. 3. 
The primary difference is that in the circuit un- 
der discussion, the tickler -coil is placed in the 
cathode circuit, instead of the plate circuit, of 
the oscillator. The a -c signal appearing on the 
anode of the oscillator section of the 12SA7 
tube is bypassed around the B supply through 
C6 to B minus and then completes the circuit 
by returning to the cathode of the tube through 
the B minus circuit and through the tickler -coil 
L3. The method of feeding back the a -c volt- 
age from the plate circuit to the tuned grid 
circuit, therefore, is evident readily. In this 
tickler -coil circuit two inductances, Li and L2, 
in parallel are used to obtain the necessary 
inductance for the tuned circuit. The induct- 
ance Li is permeability tuned by a movable slug 
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and this slug tuning is ganged to the r -f tun- 
ing section of the set, being used for station 
selection. The other coil L2 and the tickler -coil 

L3 are wound on a single coil -form and they 
are transformer coupled to each other. In other 
words, L2 and L3 represent the windings of a 

transformer, which is designated as T2 and 
termed the "oscillator transformer assembly." 
This transformer T2 has a tuning slug inserted 
into its core and its two inductances are made 
variable by a screwdriver adjustment. The 
primary purpose of the T2 slug tuning is to 
vary the inductance of L2 and it is used as a 

padder for tracking at the 600-kc low -fre- 
quency end of the band. Capacitor C21 is a 

trimmer for tracking at the 1620-kc high -fre- 
quency end of the band. The frequency of os- 

cillations for any particular fixed settings of 
C21, Li and L2 is : 

f= 
1 

27r 
L, Ls 

CL, + 
C21 

Crosley Model 46FA 

In many of the oscillator circuits used in to- 
day's radio receivers, usually it has been found 
that in the short-wave bands, the oscillator 
bias voltage varies over the complete tuning 
range of the band. This is undesired because 
the output oscillator voltage does not remain 
constant and the total oscillator frequency -re- 
sponse characteristic is likewise not constant. 
This undesirable feature is corrected by in- 
serting a special resistance and capacitance 
combination into the anode oscillator circuit. 
This is evident when the oscillator circuit, 
shown in Fig. 11, of the Crosley Models 46FA 
and 46FB, is examined. The resistance -capac- 
itance combination that is inserted in this cir- 
cuit to overcome the above difficulty is resistor 
R26 (33 -ohms) and capacitor C15 (0.0033-mf) . 

Before analyzing how this difficulty is over- 
come, it should be understood how this unde- 
sired feature manifests itself. At first let us 
examine the circuit of Fig. 11, omitting for 
the moment the resistance -capacitance combi- 
nation. 

The type of circuit employed is the conven- 
tional tickler -coil oscillator with pin 6 of the 
1A7GT/G tube serving as the oscillator anode 
and the coil L serving as the tickler -coil which 
supplies the feedback voltage for the tunable 

oscillatory tank circuit. The a -c signal appear- 
ing at the oscillator anode is impressed across 
the circuit between this anode and ground to 
complete its path. In the usual oscillator -tickler 
circuit, without the resistance -capacitance net- 
work, a high -valued capacitor invariably is 
connected from the oscillator anode circuit to 
ground to complete the a -c signal return path 
to ground. As far as the impedance offered 
to this a -c signal is concerned, the inductance 
of the tickler -coil offers most of the impedance 
and practically all of the a -c signal is impressed 
across the tickler -coil. If the total effective im- 
pedance offered by the tickler -coil L (including 
any reflected impedance from the oscillatory 
tank circuit) would remain constant with 
change in frequency, then it would be satisfac- 
tory because a more constant form of oscillator 
voltage would be maintained. However, this 
is not the case. It happens that even though 
the inductance of coil L is very small (as are 
most tickler coils) the impedance it offers at 
the high and low ends of the short-wave bands 
differs appreciably enough to affect the amount 
of feedback voltage into the tank circuit. The 
change in impedance of a tickler coil used in 
the broadcast band is not very great, since the 
difference in frequencies in this band -is much 
smaller than in the short-wave bands. For 
the sake of argument and to show how the 
impedance of L does vary in the short-wave 
band, let us refer to the actual frequencies used 
in the short-wave band in the receiver under 
discussion. In this short-wave band, the fre- 
quency range is 5.8 mc to 15 mc. (This is a 
difference of 9.2 mc compared to a difference 
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Fio. 11.-Crosley Models 46FA oscillator circuit on 
short-wave band showing method of obtaining flat 
oscillator bias voltage. 
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of 1.06 me between 540 kc to 1600 kc of the 
broadcast band). From the equation for the 
inductive reactance X,,, it is found that : 

= 271- fL in ohms 
where fis thé frequency in cycles or megacycles 

L is the inductance in henrys or 
microhenrys and 

n is a numerical value equal to 3.14 
If we assume that the inductance of the tickler 
coil to be about 10 microhenrys, then at 5.8 -mc 
low -frequency end of the short-wave band we 
find that : 

XL=2X 3.14 X 5.8 X 10 
XL = 364 ohms 

And at the 15 -mc high -frequency end of the 
band the inductive reactance of the tickler coil 
would be: 

XL = 271. fL 
XL = 2 X 3.14 X 15 X 10 
XL = 942 ohms 

It has, therefore, been found that due to such 
relations in impedance offered by the tickler 
coil within the short-wave band (an impedance 
difference of 578 ohms) a different amount of 
fed -back voltage goes into the oscillator tank 
circuit, which in turn causes a variable bias 
throughout the entire band. In many instances 
the oscillator bias has been found to vary from 
-2 volts to -10 volts, due to this varying im- 
pedance of the tickler coil. It has been found, 
however, that certain resistance -capacitance 
networks compensate for this variation. 

In Fig. 11, the R -C combination is just one 
of the ways the impedance of the anode oscil- 
lator circuit is made to vary in such a manner 
that at practically the whole range of the short- 
wave band, the voltage fed back into the tank 
circuit remains as constant as possible and the 
bias on the oscillator grid likewise remains as 
constant. It will be noticed that L, R and C 
are all in series between the oscillator anode 
and ground, offering a certain amount of im- 
pedance to this anode circuit. The effect of the 
.0033-mf capacitance C15 in the circuit is to 
offer a low impedance to the high frequencies 
and a higher impedance to the low frequencies. 
In other words, for the same frequency the 
impedance of this capacitor varies inversely 
to that of the inductance L and in that manner 
the total anode circuit has an effective im- 
pedance that remains more constant with 
change in frequency. Therefore, the a -c volt- 
age fed back also remains more constant due 

"HOW IT WORKS" 

to the new load on the oscillator anode. The 
leveling of oscillation voltage can be determined 
readily by testing the bias across resistor R23 
during the whole range of the short-wave band 
with the R -C circuit intact and then with re- 
sistor R26 open at the anode coil. It will be 
found that with the R -C combination in the cir- 
cuit, the bias voltage will vary a small amount; 
while with the R -C circuit open, the bias volt- 
age will vary a great deal. In many such os- 
cillator circuits, there is a tendency toward 
production of parasitic oscillations and the 
33 -ohm resistor R26 is primarily inserted in 
the circuit to damp out these parasitic oscilla- 
tions. This is known as a "parasitic resistor". 
(See section on "Parasitic Resistors.") 

International Detrola Models 420 Series 

A typical Colpitts oscillator circuit using a 
12SA7 converter tube, is employed in the Inter- 
national Detrola Models 420 series, shown in 
Fig. 12. The primary difference between this 

CONVERTER 
125A7 

GANGED OSC. 
TUNING CONTROL 

L2 

Fio. 12.-A typical Colpitts oscillator circuit found 
in Detrola Models 420 series. 

Colpitts circuit and that shown in Fig. 5, is 
that the r -f choke in the Detrola receiver is in 
the cathode circuit instead of in the oscillator 
plate circuit. 

The a -c signal existing on the plate of the 
oscillator section of the 12SA7 (the second grid 
from the cathode) is returned to the cathode 
circuit through the electrolytic filter capacitors 
of the B supply. The choke L5 prevents this 
returned signal from going directly to the cath- 
ode and, therefore, the signal has to pass 
through C10 to be returned to the cathode to 
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complete its path. Capacitor C10 serves the 
same purpose as the lower section of a tapped 
Hartley oscillator coil in that it is the feed- 
back element in supplying the necessary a -c 
voltage to keep the oscillator working. Capac- 
itors Gib and CI are part of a dual section in 
which one plate is common to both capacitors. 
Capacitor Gib is a trimmer for aligning the 
oscillator section of the receiver, while capac- 
itor CL, a fixed capacitance, is used to couple 
the oscillator voltage from the tank circuit to 
the oscillator grid. Coil L2 is the oscillator in- 
ductance and it is permeability tuned and 
ganged with the r -f section of the set. The 
choke L5, besides offering a high impedance to 
radio frequencies, also offers a d -c return path 
for the cathode circuit. 

The resonant frequency of the oscillatory 
tank circuit is determined by the fixed value of 
the inductance of L2 and the series capacitance 
of Cib and C10. Therefore, the oscillator fre- 
quency determined by the resonant frequency 
formula is : 

f= 
1 

(Ib X CIO 2a\i L2 
CCl b + CIO) 

where the value for the total capacity is that 
determined by the two capacitors in series. 

Spiegel Model 433 

The Colpitts oscillator circuit of the Spiegel 
Model 433, shown in Fig. 13, is very similar to 
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Fie. 13.-Colpitts oscillator circuit of Spiegel Model 433. 

the previous one discussed. It also has an r -f 
choke in the cathode circuit and uses a 12SA7 
converter tube. The Colpitts circuit is evident 
here and consists of the feedback capacitor of 
.0015-mf in series with the oscillator trimmer 
and together both capacitors are in parallel 
with the ganged permeability tuning induct- 
ance L. The coupling capacitor used to couple 
the oscillator voltage onto the oscillator grid 
is a separate mica capacitor of 100-mmf. The 
cathode is connected to the junction between 
the trimmer and the .0015-mf capacitor of the 
tuned circuit to complete the Colpitts circuit. 

RCA Model 56X 

In all of the circuits discussed so far only one 
tube was used to accomplish the process of fre- 
quency conversion. In other words, a single 
tube produced the oscillations and also received 
the input r -f signal to mix them both within 
one tube envelope. There are many advantages 
and also some disadvantages for the use of a 
single frequency conversion tube. As far as 
we are concerned, for the moment, one of the 
primary reasons a single tube is used is to 
save space, which is always needed in radio 
receivers. It is a known fact, however, that 
when a separate tube is used to produce the 
oscillatory signal and another tube is used to 
receive the r -f signal as well as mixing both 
signals together, there are certain definite ad- 
vantageous features offered by such an ar- 
rangement. Some important desirable features 
are the reduction of interaction between the 
oscillator and input r -f signal circuits, the 
ability to obtain a steady oscillator voltage, and 
the reduction of oscillator frequency drift. 

One such type of circuit using a separate 
oscillator tube is in the RCA Model 56X, as 
shown in Fig. 14. The separate oscillator tube 
employed is the 12J5GT. The type of oscil- 
lator used is the usual tickler -coil oscillator 
with the tickler coil in the cathode circuit of 
the tube. Upon first examination of this oscil- 
lator circuit it appears that the tank circuit is 
open at one end. As far as wiring connections 
are concerned, one end of the tank circuit is 
open with no direct connection to the grid cir- 
cuit of the oscillator tube. But this does not 
mean the grid of the 12J5GT will not receive 
any oscillator signal voltage. Upon closer ex- 
amination of this circuit it will be noticed that 
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above the tank inductance L8 is another coil 
L7, which has one end connected directly to 
the grid of the 12J5GT tube and the other end 
open. This type of wiring is purposely made 
because between the open end of L7 and the 
high side of the oscillator coil L8 an effective 
capacity exists which is used to couple the os- 
cillator voltage onto the grid of the 12J5GT 
tube. This type of a coil, L7, is termed a "gim- 
mick" and for a more complete discussion on 
"gimmicks" of all types see the section on 
"Gimmicks" in this book. 

R -F 
SIGNAL 
INPUT 

CONVERTER 

125G7 

C2 
--GANGED T. 035 

6+ 6 - 

Fio. 14.-RCA Model 56X using a separate oscillator 
tube. 

Now let us see how the oscillatory voltages 
are injected into the 12SG7 tube to be mixed 
with the input r -f signal for the necessary fre- 
quency conversion. It has been found that 
when using a separate tube as an oscillator and 
a separate pentode tube for mixing purposes, 
injection of the oscillatory voltage into the cath- 
ode circuit of the pentode tube gives overall 
characteristics desirable for good frequency 
response. In this respect it will be noted in Fig. 
14 that the oscillator signal is injected into the 
cathode circuit of the 12SG7 tube through C3 - 
RI combination from the cathode circuit of the 
12J5GT oscillator tube. The incoming r -f signal 
mixes with the oscillator signal in the 12SG7 
tube to produce a number of additive and sub- 
tractive frequencies of which the first i -f trans- 
former selects the desired frequency. 

Stewart Warner Model 61TR36 

In the Stewart Warner Models 61TR36 and 
61TR46, a separate oscillator tube is also used, 
but instead of a tickler -coil oscillator, a Hartley 
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Fio. 15.-Stewart Warner Model 61TR36 using a 
Hartley oscillator with separate oscillator tube. 

oscillator is employed. The circuit is shown 
in Fig. 15. A 6J5GT tube is used as the os- 
cillator and a 6SG7 tube is used as a first de- 
tector to accomplish the frequency conversion. 
The oscillator uses a conventional Hartley cir- 
cuit with coil 11 tapped at the low end and the 
tap going to the cathode of the 6J5GT tube. 
The 47,000 -ohm resistor 8, is used as the os- 
cillator bias resistor while the 110-mmf 
capacitor 7, is used to couple the oscillator volt- 
age to the grid of the oscillator tube from the 
tank circuit. The oscillatory tank circuit con- 
sists of the ganged tuning capacitor with its 
attached trimmer (part 6B) in parallel with 
the complete inductance of the coil (11). 

The oscillator voltage is injected into the 
cathode circuit of the 6SG7 tube through the 
.01-mf capacitor 12, from the tap on the oscil- 
lator coil, which is considered as the same 
point as the cathode of the 6J5GT tube. The 
same benefits of using a separate oscillator 
tube and a separate pentode mixing tube with 
cathode injection is realized here as in the 
preceding discussion. The 12SG7 tube used 
in the preceding discussion and the 6SG7 tube 
at first appear as though they are drawn wrong 
by having two cathode leads coming out of the 
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tubes; in fact, that is the way these tubes are 
manufactured : the cathode circuit is brought 
out of the tube at two different pins. 

Stromberg -Carlson Models 1020, 1120 

In many oscillator circuits, one of the big- 
gest causes of trouble is that the frequency of 
oscillations tends to drift, especially when the 
tubes and elements of the set are not heated 
completely. In the Stromberg -Carlson Models 
1020, 1120, a unique feature is incorporated 
in that a special compensating network is used 
to stabilize the oscillator frequency. The os- 

cillator circuit with its compensating network 
RC1 is shown in Fig. 16. The oscillator cir- 
cuit employed is the usual Hartley circuit. The 
tap on the Hartley oscillator coil is returned to 
the cathode of the 6SA7 tube through part of 
the short-wave oscillator coil L7. This is done 
primarily to facilitate switching arrangements. 
The compensator RC1 consists of an 8-mmf 
capacitor and a 39 -ohm resistor. The capacitor 
is wired so that it is across the oscillator tuned 
circuit and, therefore, its capacity is an effec- 
tive part of the oscillator tank circuit. In other 
words, C12, C5, C14, and the 8-mmf capacitor 
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FIG.16.-Broadcast-band oscillator circuit of Stromberg 
Carlson Models 1020, 1120 showing compensator net- 
work. 

in conjunction with the inductance comprise 
the components that determine the frequency 
of oscillations. The 39 -ohm resistor is con- 
nected across the 6.3 -volt filament circuit of the 
set, the voltage of which is supplied by a 6.3 - 

volt filament winding on the main power trans- 
former. The part that the compensator net- 
work plays is as follows : 

As the oscillator tube filament heats, all the 
elements relative to the oscillator section of 
this tube are likewise warming up. During 
this warm-up period a physical expansion of 
the oscillator tube elements occurs. Due to this 
expansion the oscillator frequency tends to 
drift away from the setting to which the set is 
tuned and, therefore, this oscillator drift must 
be stabilized in order that the set stay tuned 
to the same station. This is accomplished by 
the RC1 compensator network. During the 
time required for the oscillator circuit to warm 
up and operate under a constant temperature, 
the RC1 network compensates for the drift in 
frequency by gradually changing the capacity 
of the 8-mmf capacitor of the RC1 network. 
The 39 -ohm resistor, being across the 6.3 -volt 
filament circuit, gradually heats up in accord- 
ance with the warm-up period of the 6SA7 
filament as well as the filaments of all the 6.3 - 
volt tubes. This resistor and 8-mmf capacitor 
are built together in a separate unit and they 
are situated close to each other. The gradual 
heating of the resistor imparts to the 8-mmf 
capacitor a gradual increase in temperature. 
This increase in temperature gradually changes 
the value of the capacity of the 8-mmf capac- 
itor, which in turn changes the frequency of 
oscillations. What we have then during the 
warm-up period is the drifting in frequency 
of the oscillator which is then stabilized by the 
change in capacity of the 8-mmf capacitor due 
to the heating of the 39 -ohm resistor. The rea- 
son the 39 -ohm resistor was placed in the fila- 
ment circuit is evident readily if one realizes 
that all warming up is done by the heating of 
the tube filaments. Consequently, the heating of 
the 6SA7 oscillator filament and the 39 -ohm 
resistor is accomplished at the same time so 

that the drift in frequency can be immediately 
stabilized. 

RCA Model 56X10 

One of the past difficulties with radio recep- 
tion on certain short-wave bands was the dif- 
ficulty in getting enough bandspread. In the 
RCA Model 56X10, the frequency coverage of 
the short-wave band is 8.9 to 12.0 mc, a dif- 
ference of 3.1 mc, and in order to have proper 
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tuning on this band, bandspreading is provided. 
This bandspreading is accomplished in both 
the r -f and the oscillator circuits. For our pur- 
poses, the oscillator bandspreading will be dig 
cussed here and its circuit is shown in Fig. 17. 

The circuit uses a 12SA7 pentagrid tube em- 
ploying a form of tickler coil oscillator with 
the tickler coil L8 in the anode circuit of the 
oscillator section of the 12SA7 tube. The coil 
L6 is the broadcast tickler -coil oscillator and 
serves no immediate purpose but is left in the 
circuit to facilitate switching arrangements. 
The other section of the broadcast tickler -coil 
oscillator is not shown because when the band 
switch of this set is turned from the broadcast 
band to the short-wave band, the .01-mf ca- 
pacitor C13 effectively shorts this coil out. 
That is, the reactance of the .01-mf capacitor 
C13 that appears across this broadcast oscil- 
lator coil offers a very small impedance com- 
pared to the reactance of the circuit it shorts. 
In order to accomplish the necessary require- 
ments of bandspreading on the short-wave 
band, the oscillator coil L9 is tapped, with the 
trimmer and tuning arrangements connected to 
this tap and the oscillator grid going directly 
to the high side of coil L9. From this circuit 
it may be seen that the total inductance of the 
coil L9 is not used to determine the frequency 
of oscillations. In fact, the tank circuit con- 
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Fro. 17.-Short-wave band of the RCA Model 56X10 
showing how they provided for bandspread on short 
wave. 

sists of capacitors C27, C15, C28, the lower 
half of coil L9, and those reflected impedances 

"HOW IT WORKS" 

into this tank due to the autotransformei 
coupling of the upper half of coil L9 and trim- 
mer C29. 

By this circuit providing greater bandspread, 
we mean that the tuning capacitor C27 has to 
be rotated somewhat further than usual to tune 
from one short-wave station to another. In 
the 8.9 -to -12 -mc short-wave band, without some 
means of bandspreading, the stations would 
be too crowded on the tuning dial. Tapping 
down on L9 with the tuning capacitor, reduces 
the L -to -C ratio of the tank circuit and accord- 
ing to this reduction, the tuning capacitor has 
to be rotated quite a bit in order to make the 
necessary change in frequency. This can be 
understood upon examining the resonant -fre- 
quency equation, 1 

f 277. V LC 

L -to -C ratio of the tank circuit is reduced, that 
means a larger change in C is needed to pro- 
duce the necessary change in frequency. Since 
the tuning capacitor is primarily represented 
by the C in the equation, then the tuning ca- 
pacitor must have a greater change in capacity 
(i.e., rotated more) in order to obtain the ne- 
cessary change in frequency when going from 
one station to the other. 

Capacitor C28 is a trimmer across the main 
tuning capacitor C27, but it is used for tracking 
only at the 1300-kc high -frequency end of the 
broadcast band. In order to obtain the neces- 
sary tracking at the high -frequency end of the 
short-wave band, this receiver uses a 190-260- 
mmf trimmer C29 across the whole oscillator 
coil L9. This C29 trimmer, in conjunction with 
the upper half of coil L9, reflects a certain im- 
pedance into the tuned circuit. One should 
remember that the upper and lower halves of 
coil L9 are autotransformer coupled to each 
other; consequently the reflected impedance is 
determined primarily by the ratio of the num- 
ber of turns between both parts of coil L9 and 
the amount of capacity offered by C29. It 
should be noted that a change of capacity in 
C29, of say about 30-mmf, does not mean a 
30-mmf change in the tank circuit capacity ; 

such a change only means a relative change 
in the capacity of the tank circuit. This relative 
change is determined mathematically by a 
number of factors involved in this circuit, but 
it is too complex to discuss here. 

Since the 
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Stewart Warner Model 9001C 

In the Stewart Warner Models 9001C, D, E, 
F, use is made of three different types of os- 

cillator circuits, i.e., the Colpitts, Hartley, and 
tickler -coil oscillators. The Colpitts circuit is 
used in their push-button tuning arrangements, 
the Hartley circuit in the broadcast band, and 
the tickler -coil circuit in the short-wave band. 
These three oscillator circuits are illustrated 
in Figs. 18A, B and C. There are quite a few 
interesting features about these sets that re- 
quire separate consideration. 

First of all if Figs. 18A and 18B are ex- 

amined, it will be noted that in the broadcast 
band, Fig. 18A, a Hartley oscillator is used 
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18A.-The Hartley oscillator circuit used in the 
broadcast band of the Stewart Warner Models 9001C, 
-D, -E, -F. 

whereas in the short-wave band, Fig. 18B, a 
tickler -coil oscillator is employed. Why this 
change is made is due to the type of tube used 
as an oscillator. When a Hartley °oscillator 
is used with a 6SA7 tube, a fairly high im- 
pedance is in the cathode circuit of this tube. 
Due to this high impedance, the 6SA7 tube 
was found to be unstable as an oscillator on the 
short-wave bands, although the tube will oper- 
ate quite satisfactorily on the broadcast band. 
Therefore, for the same 6SA7 tube two differ- 
ent types of oscillator circuits are used on two 
different bands for the primary reasons of 
stabilizing the oscillator frequency on the 
short-wave band. 

Another very interesting feature in this set 
is the unique way one tuning capacitor is used 
for both r -f tuning and oscillator tuning on two 
different bands, as may be seen in Figs. 18A 
and 18B. The ganged tuning capacitor, part 
No. 16B, that is used for the r -f tuning of the 
6SA7 tube on the broadcast band is also used 
as the oscillator tuning capacitor in the short- 
wave band. In this unique switching arrange- 
ment, the tuning capacitor 16B functions in 
such a manner, in conjunction with its asso- 
ciated switched in circuit elements, so as to 
tune in the desired stations on either band. It 
will be noticed that in the broadcast band, the 
capacitor 16B (together with its trimmer) is 

used with only the secondary of the r -f trans- 
former 23 to form its r -f tuned circuit. In the 
shortwave band, however, the same tuning ca- 
pacitor is used with a different inductance 
(namely, the secondary of transformer 31) and 
capacitors 28, 29, and 30, to form its complete 
oscillator tank circuit. 

In all of the Stewart Warner models having 
push-button tuning, a Colpitts oscillator is em- 
ployed. The Colpitts oscillator circuit used in 

this set is illustrated in Fig. 18C. The push 
button for this particular station selection, 
when depressed, switches capacitors 13 and 14 

as well as coil 8 into the 6SA7 oscillator cir- 
cuit. Most of the regular broadcast and short- 
wave band components used for their respective 
tunings are omitted by the special switching 
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18B.-The tickler -coil oscillator circuit used in 
the short-wave band of the Stewart Warner Models 
9001C, -D, -E, -F. 
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arrangement incorporated with the push-but- 
ton tubing. It will be found, nevertheless, that 
the lower half of the broadcast Hartley oscil- 
lator coil 27, is still in the cathode circuit of 
the 6SA7 tube. This coil is left in the cathode 
circuit to facilitate switching arrangements 
and to provide a ground return path for the 
cathode. The Colpitts oscillator circuit is iden- 
tified here with coil 8 in parallel with capacitors 
13 and 1.4, the junction of which goes to the 
cathode of the tube through ground. The 
functioning of this oscillator circuit is that the 
a -c signal appearing on the plate of the oscil- 
lator anode is bypassed around the B supply 
by the .01-mf capacitor 32 going to the 1000- 
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Fia. 18C -The Colpitts oscillator circuit used in the 
push-button tuning (1st position) circuit of the Stew- 
art Warner Models 9001C, -D, -E, -F. 

mmf capacitor 14. This latter capacitor 1.4 is 
the feedback capacitor that helps start the Col- 
pitts tank circuit oscillating. 

NOTES ON OSCILLATOR TESTS 

Superheterodyne Oscillator Signal Voltage 
For proper operation, the oscillator signal 

voltage applied to the mixer circuit should be 
far greater than the strongest incoming broad- 
cast signal. The actual value of the oscillator 
voltage is dependent upon the type of mixer 
circuit employed. If a pentode mixer is used, 
and it is designed to operate at a grid bias of 
-10 volts, the peak oscillator signal voltage 
applied to the mixer grid or cathode circuit 
should not exceed -9 volts. For any other 
value of mixer grid bias, the peak oscillator 
voltage applied similarly should be 1 volt less 
than the grid bias. 

These limitations as to the magnitude of the 

"HOW IT WORKS" 

oscillator signal voltage so applied arise from 
the fact that, if the oscillator voltage exceeds 
that of the grid bias, the mixer will draw grid 
current and load the r -f tuned circuit, result- 
ing in reduced gain and distortion. 

In many of the receivers, the tube that per- 
forms the function of frequency conversion 
has to have a correct amount of peak oscillator 
signal voltage, depending upon its operating 
voltages. If the peak oscillator voltage for 
efficient operation is about 12 -volt minimum, 
then if this voltage becomes higher, no harm 
will be done but if this voltage is too low, the 
i -f signal output will be subnormal. In some 
all -wave receivers, which operate up to ultra- 
high -frequency bands, only a portion of the 
total oscillator signal voltage available normally 
is employed. While some conversion gain is 
sacrificed thereby, better overall performance 
is obtained. 

Testing Superheterodyne Oscillators 

To check an oscillator for operation, we may 
employ several methods. The simplest one is 
to measure the rectified voltage developed 
across the oscillator grid resistor. If the oscil- 
lator is functioning, a d -c voltage will be de- 
veloped at the grid which is negative with 
respect to the point to which the grid returns. 
This voltage will vary to some degree over the 
band, but normally this variation will not be 
greater than a ratio of 2 to 1 although varia- 
tions of 50% or more may be found in some 
receivers. If the voltage drops to zero or be- 
comes slightly positive, it is an indication that 
the oscillator is not functioning. If the voltage 
is higher than the usual values and a pentagrid 
mixer is employed, satisfactory operation will 
still be secured. 

It is also possible to check for operation by 
a current measurement. A 1 -ma meter may be 
inserted in series with the oscillator grid re- 
sistor at its return point to cathode or ground. 
The current reading which thus results may 
be converted to represent the voltage reading 
which would be obtained if an electronic volt- 
meter were connected across the oscillator grid 
leak. This is done by Ohm's law, E = IR. 
Thus, if the oscillator grid leak is 50,000 ohms 
and the meter reads 0.2 ma, the average rec- 
tified voltage across the oscillator grid leak 
is 50,000 X 0.0002 or 10 volts. 
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A meter may also be used in series with the 
plate -supply (oscillator anode) voltage lead to 
the oscillator tube to indicate oscillation. When 
so connected, the plate current is shown. If 
the oscillator is functioning, touching its grid 
will cause an appreciable change in plate cur- 
rent ; if not, there will be little or no change 
in current reading. 

Uniformity of oscillation may be checked by 
rotating the gang capacitor over the tuning 
range and watching the change in current read- 
ing. If the oscillator becomes inoperative, the 
grid current will drop to zero. The grid cur- 
rent normally will vary slightly over the oper- 
ating range but in normal operation the varia- 
tion should be about 2 to 1. 

Sudden dips in current or voltage as the os- 
cillator frequency is varied are caused by ab- 
sorption, due to the proximity of other circuits 
which have resonant frequencies corresponding 
to the frequency to which the oscillator is 
tuned. It is very important not to disarrange 
the oscillator circuit wiring during repairing 
or testing, since some of the oscillator energy 
may thus be coupled to another circuit from 
which it is isolated normally, resulting in dips, 
frequency shift and occasionally stoppage of 
oscillation. 

While stoppage of oscillation will prevent 
the receiver from functioning as a super- 
heterodyne, it is still possible that signals may 
be received. A strong local signal near the low - 
frequency end of the standard broadcast band 
may reach the receiver with sufficient intensity 
to pass through the i -f amplifier directly. This 
is particularly the case with small midgets, 
which employ no r -f stage, and in which only 
a single i -f stage is employed, tuned to about 
465 kc. In such cases, the signal may be re- 
ceived at any point on the dial. 

It is possible that the oscillator may be 
functioning but at a frequency remote from the 
proper point, so no signal at the intermediate 
frequency will result. It may also happen, if 
a separate oscillator is employed, that an open 
or short circuit in the coupling to the mixer 
may result in an extremely weak signal, even 
when the oscillator is functioning at normal 
frequency and output. 

Troubles of these types are best checked with 
signal -tracing instruments, which are designed' 
for these specific tests. However, it is possible 

to check the oscillator frequency by using an 
auxiliary all -wave receiver, coupling the an- 
tenna lead loosely to the receiver oscillator 
under test, and rotating the all -wave receiver 
tuning capacitor over each band until the os- 
cillator signal is picked up. A tuning indicator 

of some type is a desirable accessory for the 
all -wave receiver used for this purpose, since 
the oscillator signal is unmodulated, but a 
thump will be heard in the speaker if the 
radiated oscillator signal is strong enough. 

It is also possible to inject an unmodulated 
signal from a test oscillator in the mixer cir- 
cuit and thus restore operation. This serves as 
an indirect check on the oscillator frequency 
and its coupling to the mixer. Tha receiver 
under test should be tuned to a strong local 
signal. If tuned to 600-kc and the i.f. is 450 kc, 
the test -oscillator signal frequency should be 
set at 1050 kc. 

Hum and Other Troubles 

Other oscillator troubles may be present in 
which additional information may be required 
regarding the characteristics of the oscillator 
signal. It is possible that the oscillator signal 
may not be a pure, unmodulated wave such 
as is required for perfect operation. If the 
filtration of the voltage supply for oscillator 
operation is inadequate, hum may appear on 
the oscillator signal. This hum will then modu- 
late any r -f signal present in the mixer, though 
the hum may not appear in the speaker unless 
the r -f signal is tuned in. Where there is rea- 
son to suspect this condition, the hum level of 
the d -c voltage supplied to the oscillator should 
be checked. If this is abnormally high, addi- 
tional filtering should be introduced and its 
effect on the output of the receiver noted. If 
the modulation of hum disappears, then it can 
be assumed that it was caused by insufficient 
filtering of the plate supply. In this connection, 
proper by-passing of the heater is important, 
especially at the higher frequencies. 

If the receiver blocks when tuned to a strong 
local station or when too high a signal is fed 
into it from the test oscillator, a variation in 
power -supply voltage may cause fluctuation of 
the oscillator voltage and, consequently, of the 
oscillator frequency. Occasionally, this trouble 
also results in "motor -boating." The method 
of test described above will show whether the 
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trouble is tied in with the local oscillator or 
elsewhere. 

In some receivers, ave action on the r -f 
signal grid causes the frequency of the oscil- 
lator section of the converter to change. This 
is particularly troublesome at the high -fre- 
quency end of the tuning range. When a 
strong signal is being tuned in, especially on 
short-wave bands, the point of resonance is 
not the same when the receiver is tuned from 
a higher -frequency point on the dial as it is 
when the tuning is approached from a lower - 
frequency point. Often it is necessary to tune 
back and forth around the normal point of 
resonance before the station can be tuned in 
for maximum response. Then when the re- 
ceiver is tuned a little beyond this point, the 
signal may drop out completely and retuning 
in the same manner may have to be repeated. 
This annoying condition occurs because a 
strong signal creates a high ave voltage, and 

the high ave voltage increases the bias on the 
converter input grid, thereby decreasing the 
mutual conductance of the converter tube. This 
changes the tube load on the oscillator tuning 
circuit and causes a frequency shift which is 
particularly large when the shunt capacity of 
the tuning system is a minimum, as it is at the 
high -frequency end of the tuning range. 

The correction of this trouble requires some 
modification of the ave so that less control volt- 
age is applied to the converter grid or reduc- 
tion of the signal strength of the offending 
station by changing the antenna location or 
otherwise decreasing the signal pickup. Triode- 
hexode converters, such as the 6K8, are sub- 
stantially free from this trouble due to the 
modifications in the design of the tube, but 
triode-heptodes, such as the 6J8, will be sub- 
ject to this trouble unless precautions were 
taken in the design of the receiver to minimize 
such effects. 
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TUNING ASSEMBLIES 

A rather radical departure from former 
practice is to be found in the tuning assemblies 
of some of the new radio receivers. In the past, 
only an occasional set was found in which tun- 
ing was accomplished by varying the induct- 
ance, rather than the capacitance of the tuned 
circuits. (Of course, such tuning has been 
used extensively for some time in i -f trans- 
formers, but in this section we are considering 
only r -f and oscillator tuning.) Since the pub- 
lication of Volume XIV of the "Perpetual 
Trouble -Shooter's Manual," however, a con- 
siderable number of receivers have appeared 
in which tuning is accomplished by means of 
ganged variable inductors alone or a com- 
bination of ganged variable inductors and 
capacitors. 

One of the principle reasons for the use of 
variable inductance rather than variable ca- 
pacitance is saving of space. In addition, and 
particularly at high frequencies (as in the 
f -m bands), undesired coupling between cir- 
cuits, which is sometimes produced by the com- 
mon shaft of ganged capacitors, is avoided. 
Another advantage is that under certain con- 
ditions higher tuned -circuit Q may be obtained, 
and, therefore, higher gain. 

Just as push-button tuning may be applied to 
radios using ganged capacitors, so it may be 
used with ganged inductors. An interesting 
example of this is found in the Galvin Motorola 
Models .FD6 and NH6, which are discussed 
later. 

Admiral Model 6A1 

In this receiver, which covers the single 
tuning range, 540 kc-1630 kc, the plate cir- 
cuit of the r -f amplifier is tuned by a variable 
inductor, while the loop antenna and oscillator 
are tuned by variable capacitors. This circuit 
is shown in Fig. 1. 

Two principal benefits are derived from this 
choice of tuning elements. First, it eliminates 
stray coupling due to the impossibility of get- 
ting a perfectly grounded capacitor rotor. Be- 
cause of the imperfect grounding, a certain 
amount of r -f current flows in the capacitor 
shaft, coupling the sections of the ganged ca- 
pacitor together. If the tuning elements in 

the input and output of the r -f stage are ca- 
pacitors on a common shaft, the coupling 
through the shaft tends to make the stage 
unstable. By removing the coupling, the ten- 
dency to instability is likewise removed. 

L GANGED- - - L 

Fio. 1.-The tuning circuit of the Admiral Model 
6A1 receiver, in which the loop and the oscillator are 
tuned by ganged capacitors which in turn are ganged 
with a variable inductor in the output of the r -f 
amplifier. 

The other major advantage is found in that 
a tuned circuit employing variable inductance 
and fixed capacitance, has greater sensitivity 
at the low end of the band over which it is 
designed to tune than at the high end ; whereas 
in a circuit using variable capacitance and 
fixed inductance the reverse is true. Therefore, 
a combination of the two provides a relatively 
constant response throughout the band. 

Belmont Model 8A59 

This set uses a total of 6 ganged variable 
inductors and 9 adjustable inductors, in cover- 
ing the standard broadcast band and four short- 
wave bands. However, not all of these coils 
are used at once ; the band switch connects 
only certain ones into the circuit on any one 
band. The tuning circuit arrangement used is 
shown in Fig. 2. Despite the use of a six -gang 
tuner, as opposed to the three -gang variable ca- 
pacitor that might be used to provide tuning in 
a set covering the five bands covered by this one, 
space is not wasted, since the variable coils are 
much smaller than variable capacitors and at 
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F G. 2.-Six ganged variable inductors and nine adjustable inductors tune this five -band receiver, Belmont Model 
8A59. 

the same time, more flexibility in design is 
obtained. 

The "clarified schematics" on Belmont pages 
15-9 and 15-10, clearly show which of the 
ganged and adjustable coils are used in each 
band. In the broadcast band, T1, T7, and T15 
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are used as the antenna, r -f, and oscillator coils 
respectively ; they are ganged and not used in 
any other band. The other three ganged coils 
(T5, T6, and TIN) are used on the other four 
(short-wave) bands, but in conjunction with 
the nine adjustable coils. 
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3.-Ganged in- 
ductor tuning of the 
"saddle" type is used 
in the Ray -Energy Mod- 
el AD -4 receiver. The 
schematic diagram of 
the tuner is shown 
above. 
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In the 49 -meter band, one adjustable coil is 
connected in series with each of the three 
ganged coils; that is, T4 is connected in series 
with the secondary of T5 in the antenna cir- 
cuit, T10 is in series with the secondary of T6 
in the r -f circuit, and T14 is in series with Tll 
to form the oscillator coil. In the 31 -meter 
band, the three adjustable coils (T4, T10, and 
T14) are shorted, otherwise leaving the circuit 
unchanged from the 49 -meter band. In the 25 - 
and 19 -meter bands, an adjustable coil is con- 
nected in parallel with each of the ganged coils 
instead of being connected in series as in the 
49 -meter band. That is, in the 25 -meter band, 
T2 is connected in parallel with the secondary 
of T5, T8 is in parallel with the secondary of 
T6, and T13 is in parallel with T11. In the 9 - 

meter band T3 is in parallel with the secondary 
of T5, T9 with the secondary of T6, and T12 
with TI1. The four short-wave bands are es- 
sentially the same, the only difference being 
the placement and use of the nine adjustable 
coils. 

Ray -Energy Model AD -4 

A type of tuner construction which will prob- 
ably become quite common is found in this re- 
ceiver. Fig. 3 illustrates the tuner, which is 
of the so-called "saddle" type. The saddles are 
the variable inductors inside which the movable 
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cores are varied in position by the tuning -drive 
mechanism The saddles themselves are also 
movable, but their positions are changed only 
during alignment. In addition to the saddles, 
the antenna and oscillator padding capacitors 
and the oscillator trimmer coil are mounted on 
the tuner. (For a description of the function 
of the padder coil in an oscillator tuned by a 
variable inductor, see the section on "Oscillator 
Circuits".) Despite the large number of items 
included in the tuning assembly, it is quite 
small in size. The schematic diagram of the 
electrical circuits of the tuner is shown also 
in Fig. 3. 

Zenith Model 8H032 

This receiver covers the standard broadcast 
band, the old (42 mc -50 mc) f -m band, and 
the new (88 mc -108 mc) f -m band. In the 
broadcast band, it uses conventional variable 
capacitor tuning, but in the f -m bands, variable 
inductors are used. The cores of the three - 
ganged inductors, which are mounted in line, 
are connected by long rods to a rectangular 
plate, as shown in Fig. 4. In addition to at- 
taching the cores to the plate, the rods permit 
adjustment of the individual cores relative to 
each other; this adjustment is necessary in 
alignment. 
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Fio. 4.-A combination of ganged variable capacitors and inductors are the tuning elements in the Zenith Model 
811032 a.m.-f.m. receiver. 
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One side of the plate or "elevator", which is 
parallel to the line of the three cores, is hinged 
to a bracket which is attached to the frame of 
the ganged capacitors. On one of the adjacent 
sides of the plate (that toward the front of 
the receiver) is a rounded projection which 
serves as a cam follower. The cam on which it 
rides is mounted on the shaft of the ganged 
capacitors, so that as that shaft turns in re- 
sponse to rotation of the tuning knob, the plate 
pivots on its hinge, moving the cores in or out 
of the tuning inductors. The plate is held 
against the cam by a coil spring. 

Motorola Model FD6 

An ingenious solenoid -operated tuner, Model 
ST -54, is used in the Motorola Model FD6 auto 
radio, and also in several other models in the 
1946 Motorola line of auto radios. The tuning 
cores of a three -gang variable -inductor tuner, 
one of which is shown at A in Fig. 5, may be 
set automatically to any one of five pre -selected 
positions (push-button tuning) or positioned 
manually by the tuning knob (manual tuning). 

Briefly, this is accomplished by means of a 
single -pole, six -position rotary switch, shown 
at B which is rotated by the solenoid until it 
opens the solenoid coil circuit in a position se- 
lected by one of the six pushbuttons at C (one 
of which is for manual tuning) . At the same 
time that the switch is rotated, a movable 
plate D is carried back and forth by the solenoid 
plunger O. When the action of the plunger 
ceases, the plate is pulled by a spring E against 
one of six movable stops G; which one it is 
depends upon the position of the rotary switch. 
Since the cores of the tuning inductors move 
with the plate, the tuning of the radio is de- 
termined by the position of the stop against 
which the plate rests. Five of these stops are 
preset when the pushbuttons are set up, while 
the position of the sixth is controlled by the 
manual tuning knob. 

Now let us consider the operation of this 
device in more detail. Fig. 5 shows the elec- 
trical circuit and some of the mechanical 
features of the tuning -drive mechanism. When 
a pushbutton at C is depressed, the power is 
applied to the solenoid coil E, provided the 
tuning assembly is not already in the position 
corresponding to the depressed pushbutton. 
The path of the current actuating the solenoid 

"HOW IT WORKS" 

is this : from the ungrounded terminal of the 
automobile battery, through terminals 8 of the 
connector (plug and receptacle), over the com- 
mon lead (yellow) of the control head,, through 
whichever button is depressed, through the con- 
nector, to one of the short contact fingers of 
the rotary selector switch. It may be seen in 
Fig. 5 that the contact ring of the switch has 
a cut-out, such that whichever finger is opposite 
the cut-out fails to make contact with the ring, 
whereas the circuit may be closed through any 
one of the other five contacts. If the button 
depressed corresponds to a finger of the switch 
making contact with the contact ring, current 
will flow from that finger through the ring, 
through the permanently connected finger, 
through the solenoid switch (which normally is 
closed) through the solenoid coil, and return 
through ground to the battery. 

When current flows through the solenoid coil, 
E, the solenoid plunger is drawn into the 
solenoid coil -form by the magnetic forces de- 
veloped. Since the plunger fits fairly tight in 
the coil form, the speed of this action can be 
controlled by the adjustable air release, which 
determines the rate at which the plunger can 
eject air from the coil form. When the plunger 
has been drawn in for nearly the full length of 
its travel, the rotating mechanism H turns the 
switch shaft (actuator rod) I one -sixth turn, 
thus turning the stop plate and switch by this 
amount. As may be seen at I, the switch shaft 
has a twist near the end within the solenoid ; 

as the plunger draws the movable slotted cyl- 
inder H (ratchet) over this twisted portion one 
or the other must turn. The movable slotted 
cylinder is pressed against the fixed one by the 
action of a small coil spring inside the plunger, 
and the shape of the teeth on the two ratchets 
is such that the movable one can turn in only 
one direction. When the plunger is moving into 
the coil, the turning force on the ratchet is in 
the direction in which it will not turn; there- 
fore, the switch shaft turns. However, when 
the plunger moves out, the turning force is in 
the other direction, and the ratchet turns, 
while the shaft is held in position by friction 
in the switch assembly. 

Movement of the plunger out of the coil is 
produced by the action of the carriage return 
spring F. This spring is weaker than the 
magnetic pull of the solenoid coil, but the cur- 
rent through the coil is interrupted when the 
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plunger is fully inside the coil by the opening 
of the solenoid switch J. As the plunger moves 
out of the coil, the solenoid switch recloses. 
If the new position of the six -position switch B 

(it has just been turned 60° by the action of 
the slotted cylinders) is such that the short 
contact finger corresponding to the pushbutton 
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depressed is not making contact with the con- 
tact ring of the switch, the solenoid coil circuit 
at E remains open despite the reclosing of the 
solenoid switch J. The spring is then free to 
pull the plunger out until the stop plate D is 
pressed against a lead screw stop G. However, 
if the circuit is closed through the rotating 
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F>c. 5.-Inductive tuning is used in the Motorola solenoid -operated tuner Model ST -54 that is incorporated in 

several Galvin automobile receivers. Five pushbuttons provide means for selecting as many stations and a sixth 
permits manual tuning. 

www.americanradiohistory.com



72 RIDER'S VOLUME XV 

switch, the solenoid coil will pull the plunger 
back again as soon as the solenoid switch closes. 
The rotating switch is then turned another 60° ; 

and the back -and -forth motion of the plunger, 
together with the turning of the rotating 
switch, continues until the rotating switch opens 
the coil circuit. Since there is only one position 
of the rotating switch, corresponding to each 
pushbutton, in which the circuit is opened at 
the rotating switch, pressing a button will cause 
the mechanism to seek and hold that one par- 
ticular position which corresponds to the push- 
button pressed. 

Tuning of the Receiver 

Thus far we have not considered the actual 
tuning of the receiver. This is accomplished by 
varying the inductances of the r -f, oscillator, 
and antenna coils, while the tuning capacitors 
in the respective circuits are kept fixed. The 
variation of inductance is produced by moving 
the cores of the tuning coils, A and the motion 
of these cores is in turn produced by the car- 
riage plate D to which they are attached by 
long screws M. The individual positions of the 
cores relative to the carriage plate may be 
adjusted as part of alignment, by turning the 
screws. The carriage plate is attached to the 
solenoid plunger, and thus moves with it. 

Now to consider the positioning of the tun- 
ing cores for a particular station. Through the 
carriage plate pass six lead screws, see K, one 
for each pushbutton -tuned station and one for 
manual tuning. On each lead screw is a stop, G, 
whose position is determined by turning its 
lead screw, just as a nut moves along a bolt 
when the latter is turned. For each pushbutton - 
tuned station, the position of the corresponding 
stop is set when the pushbuttons are set up, 
while for manual tuning the sixth lead screw is 
turned by the manual tuning knob. The holes 
in the carriage plate through which the lead 
screws pass are large enough so that the. stops 
may also pass through. However, mounted on 
the switch shaft or actuator rod, I, and turn- 
ing with it, is a rotating stop plate, N, which 

"HOW IT WORKS" 

fits tightly against the carriage plate on the 
side away from the solenoid plunger, O. This 
stop plate N is so shaped that when no current 
flows through the solenoid, E, and the carriage 
return spring F pulls the carriage plate D 
toward the switch, B, it will strike against and 
be held in a fixed position by one, and only one 
of the lead screw stops, G. Which stop the stop 
plate rests against is determined by the posi- 
tion to which the rotary switch is turned. 

As we saw above, the position of the switch 
is determined by which pushbutton is de- 
pressed; thus, the chain of events in tuning is 
this : When a pushbutton is pressed, the rotary 
switch B is caused to turn until it reaches a 
position corresponding to the pushbutton. In 
this position of the switch, the carriage plate 
D comes to rest in a position determined by the 
lead screw stop G corresponding to the push- 
button depressed. The position of the carriage 
plate in turn determines the positions of the 
three coil tuning cores, A, and thereby the fre- 
quency to which the receiver is tuned. Since 
the lead screw stops are adjustable, any five 
preset stations and as many manually selected 
stations as are within range of the radio may 
be tuned in. 

On the control head there is a push switch L 
operated by depressing the volume -control 
knob. Closing this switch energizes the coil of 
the tone -control relay. When the relay is oper- 
ated it pulls a hooked arm which engages a 
toothed wheel, giving it one -sixth of a turn. 
This wheel is on the shaft of a rotary switch, 
which has six fixed contacts and two movable 
contacts. The two movable contacts are op- 
posite each other (that is, 180° apart on the 
switch rotor) and are connected together elec- 
trically. Therefore, in any position of the 
switch, two opposite fixed contacts are con- 
nected, so that there are only three different 
positions of the switch. Each position produces 
a different tone -control setting. Therefore, each 
time the volume -control knob is pushed, the 
tone control is advanced to a new setting, until 
three have been covered, after which the cycle 
is repeated. 
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CONTROL 

Control circuits in home and auto radios are 
mainly, except for the volume control, in the na- 
ture of extras. For example, many sets have no 
tone control, while some have a single tone 
control, which undoubtedly adds to the user's 
enjoyment of his set, and a few have both 
treble and bass controls, so that even greater 
flexibility in adjusting the set's characteristics 
to the demands of the individual listener is 
offered. Ave is a sort of border -line case; that 
is, it might be considered an extra, but it is 
so desirable that the great majority of radios 
include this feature. 

Control circuits can be classified in two ways : 

as automatic and manual, or as a -f controls 
and r -f or i -f controls. In the former case, the 
controls are grouped in accordance with the 
agency which causes them to act ; while in the 
latter the grouping is determined by what is 
controlled. In the discussion following, r -f and 
i -f controls are considered first. Several ex- 
amples of special avc circuits and one manual 
i -f sensitivity control are explained. Under a -f 
controls both tone and volume controls are de- 
scribed, the latter including automatic volume 
expansion (ave) circuits as well as manual 
controls. 

Chevrolet Model 985986 

A screwdriver -adjusted sensitivity control is 
employed in the i -f amplifier of this receiver. 
This control is a variable resistance connected 
between the cathode of the 6SK7 i -f amplifier 
tube and ground, as shown in Fig. 1. Increas- 

3 
6SK7 

. 

150 

SCREWDRIVER 
ADJUSTMENT 

Flo. 1.-Grid-bias 
sensitivity control used 
in the Chevrolet Model 
985986. 

ing this resistance, increases the bias on the 
tube, thus lowering the gain ; decreasing the 
resistance has the opposite effect. 

CIRCUITS 

The increase in bias with an increase in 
resistance is produced in this manner : For a 
certain value of cathode resistance, a certain 
cathode current will flow. The magnitude of 
this current will be just that necessary that its 
product with the cathode resistance (that is, 
the IR drop across the cathode resistance) 
equals the bias necessary for this current flow, 
with the particular values of plate and screen 
voltages applied to the tube. This can be stated 
as an equation : cathode current times cathode 
resistance equals bias. 

If the resistance increases, the product of 
current and resistance (IR drop) will also in- 
crease ; however, this increase is not as great 
as it would be if the current remained con- 
stant, for the current decreases, the decrease 
in current being caused by the increase in bias. 
Now it might be thought at first that the de- 
crease in current might be sufficient to offset 
the increase in resistance, and thereby keep the 
IR product, which is the bias, constant. But 
if the bias were kept constant, so also would the 
current; therefore, the current must decrease, 
but by an amount insufficient to offset the in- 
crease in resistance. The bias, therefore, in- 
creases also when the resistance is increased, 
as was stated above. The bias decreases in the 
same manner for a decrease in the cathode 
resistance. 

International Detrola Model 571X 

A form of semi -fixed bias is used in this re- 
ceiver on the avc-controlled grids. A diagram 
of the pertinent portions of the detector circuit 
is shown in Fig. 2. As a result of the so-called 
"contact potential", which exists in electron 
tubes, electrons flow from the cathode of the 
14B6 to the diode plates even in the absence 
of a signal. The resultant voltage is applied to 
the avc-controlled grids of the preceding tubes. 

When a very weak signal, insufficient to pro- 
duce appreciable avc voltage, is received, the 
positive half cycles would be rectified if there 
were no bias on the grids. This would load the 
tuned circuits, reducing the sensitivity of the 
set. However, by applying a small bias this 
is avoided, while the reduction in gain due to 
the bias itself is Very slight. 

73 
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Unfortunately, some of the bias due to "con- 
tact potential" is applied also to the detector 
diode plate: that plate directly connected to 
the secondary of the second i -f transformer. 
This causes a slight lowering of sensitivity, but 
the effect is largely offset because only a small 
part of the bias applied to the ave -controlled 
grids is applied to the detector diode plate. The 
reason for this is two -fold : First, resistor R5 

SECONDARY 1 
I 

OF SECOND -I 
IF TRANSF. 

I 
I 

R4 
5005 

1486 

AVC 

'COMMON 
1 BUS 

FIG. 2.-Semi-fixed bias on avc-controlled grids of 
preceding tubes in the International Detrola Model 
571X. 

(3.3 megohms), the 47,000 -ohm filter resistor, 
and resistor R4 (500,000 ohms) form a voltage - 
divider (the resistance of the transformer sec- 
ondary is negligible), with most of the voltage 
appearing across R5. In the second place, the 
"contact potential" effect dué to the detector 
diode, is less than that due to the other diode, 
since the d -c load on the former is much less 
than that on the latter. 

Pilot Model T-500 

Although it is more or less general practice 
to use a common diode for both audio detection 
and ave rectification, in this receiver separate 
diodes (though with a common cathode) are 
employed. The part of the circuit under con- 
sideration is shown in Fig. 3. 

The audio -detection diode plate is coupled 

ÓFCONDARY SECONDI it I 

1-F TRANSF. / 
L_ 

1 
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COMMON} 
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12SQ7 
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Fio. 3.-Ave and detector circuit used in the Pilot 
Model T-500. 

"HOW IT WORKS" 

directly to the secondary of the second i -f 
transformer, while the i -f signals are coupled 
from this winding to the ave rectifier diode 
plate through a capacitor. This capacitor C 
separates the d -c paths involved in the two cir- 
cuits. This separation permits the choice of 
values for the resistors used that will be opti- 
mum for each application, that is, for audio 
and for ave. When a common diode is used, 
the choice of circuit values must be a compro- 
mise for best overall performance, and there- 
fore, may produce poorer results than those 
obtainable with separate diodes. 

Buick Model 980745 

Space, of course, is at a premium in an auto 
receiver. In the Buick Model 980745 receiver 
it is conserved in the tone control -volume con- 
trol system by mounting the controls one be- 
hind the other, as in a two -gang potentiometer. 
Separate shafts are provided and this is pos- 
sible by using a hollow shaft for the tone con- 
trol, which is mounted in front of the volume 

VOLUME CONTROL 
SHAFT 

FIXED TAP ON 
VOLUME CONTROL 

TONE 
CONTROL SHAFT 

TONE CONTROL 

ON- OFF 
SWITCH %" VOLUME CONTROL 

FIG. 4.-Combined manually operated volume and 
tone controls in the Buick Model 980745. 

control. The shaft of the volume control passes 
through the hollow tone -control shaft. The on - 
off switch is ganged with the volume control, 
and is operated by the volume -control shaft in 
the usual manner. The mechanical features of 
this control, as described above, are illustrated 
in Fig. 4. 

The volume control used here is of the tone - 
compensated type, which automatically changes 
the tonal characteristics of the radio as the 
setting of the volume control is changed man- 
ually. The reason for this compensation is 
that the frequency response of the human ear 
changes with the overall amplitude of the 
sounds heard. For example, if a certain piece 
of music is played loudly at first, then softly, 
it will seem to the listener that in the second 
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playing, the amplitudes of the high and low 
notes have been reduced more than the am- 
plitude of the middle register, even though the 
amplitudes of all notes have actually been de- 
creased by the same amount. For this reason, 
the volume control used here is compensated 
so that when the volume is turned down, the 
high notes are not decreased to the extent that 
the middle and low notes are. 

10 
FROM 

1 DETECTORI 
3 

.00012 

75000 

46 
TO 

GRID 
OF 1ST. 
AUDIO 
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-+19C 

.0025 I _I 20 MF 

F1c. 5.-Schematic 
diagram of the volume - 
control section of the 
Buick Model 980745. 

This effect is achieved by use of the circuit 
shown in Fig. 5. This diagram illustrates 
only the a -f portions of the circuit between 
the detector and the grid of the first audio 
amplifier; a few bypassed resistors and two 
bypass capacitors have been omitted for the 
sake of simplicity. Across the upper portion 
of the volume control (between the fixed tap 
Fig. 5 and the "loud" end) is a small capacitor, 
3. This capacitor causes a relative lowering of 
the high -frequency audio (high notes) appear- 
ing across this portion of the volume control. 
The low end of the volume control can be con- 
sidered to be grounded for audio frequencies, 
through capacitor 19C. Therefore, resistor 33 

and capacitor 9 in series appear to be connected 
across the portion of the volume control be- 
tween the fixed tap and the lower end. Although 
capacitor 9 has a greater value than capacitor 
3, its shunting effect is much less because of 
series resistor 33. As a result, the proportion 
of high notes to middle and low notes appear- 
ing across the portion of the volume control 
between the fixed tap and the low end is greater 
than the proportion across the upper portion 
of the control. Thus, when the sliding tap is 
on the lower or softer, portion of the control, 
the high notes are relatively louder than when 
the tap is on the upper portion. This arrange- 
ment compensates, in part, for the non-linear 
characteristics of the human ear. 

As may be seen from the above, the tonal 
properties of the volume control are not in- 
dependent of the volume setting. For any given 
position of the volume control, a certain pro- 
portion of high, middle, and low notes will be 

passed, and this proportion is fixed for any one 
position of the control, although it changes as 
the position changes. Therefore, in order that 

Fm. 6.-Schematic 
diagram of the tone - 
control section of the 
Buick Model 980745. 65R7 
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the tonal properties of the amplifier may be 
changed independently of the volume setting, 
a separate tone control is provided. 

The tone control and closely related parts of 
the circuit are seen in Fig. 6. Capacitor 12 by- 
passes a large proportion of the high notes (high - 
frequency audio) to ground when the series re- 
sistance of variable resistor 46 is zero. When 
the full resistance of 46 is in the circuit, the by- 
passing effect of 12 is reduced very much, while 
in other positions of 46 the bypassing effect of 
12 is set to intermediate values. In this manner, 
the proportion of high notes reaching the last 
stage can be varied over a considerable range 
by the setting of 46; thus, it serves as an effec- 
tive tone control. 

Chevrolet Model 985986 Tone Control 

The tone control in this set is operated by a 
four -position, two -pole wafer switch, the com- 
plete circuit of the control and "clarified sche- 
matics" being shown in Fig. 7A. In the "Bass" 
position Fig. 7B, capacitor 34 bypasses a large 
proportion of the treble notes (high -frequency 
a.f.) to ground, thus accentuating the bass 
notes by comparison. In the "Soft" position Fig. 
7C, capacitor 33 replaces capacitor 34; the cir- 
cuit is otherwise unchanged, but since the ca- 
pacitance of 33 is less than that of 34, the re- 
duction of the treble notes is not so pronounced 
as in the "Bass" position of the tone switch. 
When the tone switch is thrown to the "Music" 
position, Fig. 7D, a direct connection is made 
from the first audio stage to the second. 

In the "Voice" position both high and low 
notes are attenuated. This, of course, makes 
human speech sound somewhat less natural than 
when the treble and bass are reproduced in the 
same relationship as in the original sound. How- 
ever, it has been found experimentally that in 
the presence of extraneous noises, such as wind 
rushing past an automobile, traffic, or static, 
etc., etc. the intelligibility of human speech is 
increased by accentuating the middle frequen- 
cies. This occurs because most of the audio 
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power in speech is in the middle frequencies and 
because the ear is most sensitive to the middle 
frequencies. 

In this receiver the accentuation of the mid- 
dle frequencies is produced by reducing the 
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Fio. 7.-The four -position two -pole tone -control 
switch used in the Chevrolet Model 985986, is shown 
in Fig. 7(A). The various components affected by the 
switching are shown in the other special schematics. 

high- and low -frequency portions of the audio 
signal by the components shown in Fig. 7E. The 
treble is cut by capacitor 33, which bypasses 
part of it to ground. The bass is lowered by the 
parallel combination of resistor 58 and capaci- 
tor 34. Momentarily disregarding the effect of 
capacitor 34, resistor 58 and the grid impedance 
of the output stage form a voltage divider 
across the first audio, which is shown in Fig. 
7F. Because of this voltage divider only part of 
the output of the first stage is transferred to the 
output stage. This is completely true at low fre- 
quencies, in which region the shunting effect of 
capacitor 34 on resistor 58 is negligible; how - 

"HOW IT WORKS.' 

ever, at middle and high frequencies Fig. 7F is 
incomplete, for the shunting effect of capacitor 
34 shown in Fig. 7E, becomes important. At 
these frequencies, then, the voltage -dividing ef- 
fect is negligible, because the parallel imped- 
ance of capacitor 34 and resistor 58 is very 
small. Thus, attenuation of both high and low 
frequencies is obtained, the former by means 
of capacitor 33, the latter by means of the com- 
bination of capacitor 34 and resistor 58. 

Crosley Model 66CA 

The volume and tone controls in this set are 
interconnected very closely, as shown in Fig. 
8A. At first glance it might appear that the 
tone control is a feedback circuit; however, if 
Fig. 8A is redrawn, as in Fig. 8B, it is seen that 
although potentiometer 44 functions in both 
the grid and plate circuits of the 6SQ7, it does 
not provide feedback, for it can be separated 
into two independent parts, connected only 
through ground. 

The volume control 45 is of the tone -com- 
pensated type. In this case, however, compen- 
sation is in favor of the bass notes, since the 
effect of resistor 15 and capacitor 34 (omit tone 
control 44 temporarily), which are connected 
from the tap on the volume control to ground, is 
to reduce the treble notes at low settings of the 
volume control. But when the tone control is put 
into use, the reduction of high notes is variable, 
for the bypassing effect of capacitor 34 may be 
reduced to zero if the movable arm of 44 is 
turned to the end to which 34 is connected. Do- 
ing this shorts out 34, for both ends are now 
grounded. 

What is the effect of the tone control in the 
plate circuit of the 6SQ7? Capacitor 25 tends 
to bypass the high audio frequency, but the ex- 
tent to which this actually occurs is controlled 
by the amount of resistance inserted by control 
44 between 25 and ground. When the arm of 44 
is turned to the position where capacitor 34 is 
shorted, the resistance between capacitor 25 and 
ground is maximum, and the greatest available 
high -frequency response is obtained in both the 
grid and plate circuits. On the other hand, 
when the arm of the tone control is turned to 
the end to which capacitor 25 is connected, the 
bypassing function of 25 is effective to the full- 
est extent. At the same time, capacitor 34, in- 
stead of being shorted, is shunted by a high re- 
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Fia. 8.-In Fig. 8(A) are shown the tone -control and volume -control 
equivalent circuits are shown in Fig. 8(B). 

sistance, which has little effect. Thus the treble 
notes are considerably reduced in both the grid 
and plate circuits. 

Motorola Model CR6 

A volume and tone control system similar to 
that used in the Crosley Model 66CA is found in 
this set. Fig. 9 shows the circuit of these con- 
trols. (This diagram is complete with regard 
to the tone and volume controls only) . 

AUDIO 
OUTPUT 

Fia. 9.-The three -position tone -control circuit and 
volume -control circuit in the Motorola Model CR6. 

The tone switch has three positions. In the 
"Voice" position all contacts are open ; R10 
functions as an uncompensated volume control 
and C21 has no effect, since the switch ends of 
R5 and C21 are open. The second position, 
"Music," provides bass compensation of the vol- 
ume control by connecting R5 to ground, con- 
tacts 2 and 3 of the switch remaining open. In 
the "Bass" position, all contacts of the switch 
are closed ; thus the volume control is compen- 
sated in favor of the bass notes, and the treble 
notes are attenuated in the plate circuit by C21. 

Goodrich Model 664PM 

A doubly tone -compensated volume control is 
used in this receiver to produce a more natural 
bass accentuation by attenuating the highs at 
low -volume levels than can be obtained with a 
single tap. Fig. 10 shows the connections to 
the volume control to obtain double compensa - 

6547 
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circuits of the Crosley Model 66CA; the 

tion. In the usual compensated control, a single 
fixed tap is used. This produces a rather abrupt 
change when the movable tap on the volume 
control is rotated past it. The human ear is not 
so sensitive as to notice this as an objectionable 
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compensated volume 
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effect; the contrary is true, or this type of com- 
pensation would not be used. However, it is not 
altogether natural. By using two steps of com- 
pensation, each of which alone produces a 
smaller change in the tonal characteristics of 
the receiver than a single one, a more gradual 
variation in bass accentuation is. obtained. Thus 
the effect of naturalness obtained by compen- 
sation is hightened by the use of doubly com- 
pensated control. 

Hoffman Model A 501 

Both bass and treble tone controls, and a 
tone -control tube, which isolates the controls 
from each other, are used in this receiver. The 
circuit of this tone -control stage is shown in 
Fig. 11. Both controls function by varying the 
gain of the stage. 
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Fia. 11.-Schematic diagram of the bass and treble 
tone controls and the tone -control tube in the Hoffman 
Model A501. 
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A large cathode resistance in an amplifying 
stage causes considerable degeneration ; that is, 
a reduction in gain relative to that available 
when the cathode resistance (or, more exactly, 
impedance) is reduced effectively to zero. The 
cathode impedance in this stage is a rather 
complicated combination of capacitors, resis- 
tors, and a choke. At very low frequencies (be- 
low the audible range) C32 and C35 have very 
high reactances, so that the effective cathode 
impedance is equal to R15 and R17. This re- 
sults in quite a low stage gain. At somewhat 
higher frequencies, L5 and C35 approach series 
resonance, which they reach at 100 cycles. At 
this frequency, their series impedance is prac- 
tically zero, and if the bass control R20, is re- 
duced to zero also, R15 and R17 will be by- 
passed completely. In this case, the stage gain 
will be relatively high at 100 cycles, and even 
at 50 and 200 cycles (one-half and double the 
resonant frequency) this series -tuned circuit 
produces a considerable rise in gain if the re- 
sistance of R20 is cut to a low value. If the 
resistance of R20 is made high, however, the 
effectiveness of the series -tuned circuit in by- 
passing R15 and R17 is reduced considerably, 
and the rise in gain for bass notes is likewise 
reduced. Thus R20 enables the used of the re- 
ceiver to vary the bass boost from a very small 
amount up to a considerable amount (the range 
is approximately 8 decibels) . C32 provides par- 
tial bypassing at high audio frequencies (at 
8000 cycles, its reactance is approximately 2000 
ohms) . This produces a slight rise in gain at 
high frequencies. 

The treble control provides a variable high - 
frequency bypass across the load resistor, R18; 
in this manner the high -frequency response can 
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F1c. 12.-Treble and bass tone controls are used in 
the Magnavox Chassis CR -187. The bass control em- 
ploys positive feedback so that the effective gain of the 
inverter is increased for bass notes. 

"HOW IT WORKS" 

be varied. If R19 is at its maximum value, the 
bypassing effect of C33 is negligible, and treble 
boost will be obtained by the action of C32 in 
the cathode circuit, as explained above. At the 
other extreme (R19 reduced to zero), the by- 
passing effect of C33 will be so pronounced as 
to more than overcome the boosting effect of 
C32, and a considerable degree of treble cut will 
be obtained. The range of control at 8000 cycles 
is about 16 decibels. 

The purpose of the tap on the cathode resis- 
tors of the tube (at the junction of R15 and 
R17) is to provide a suitable bias voltage for 
the grid. 

Magnavox Chassis CR -187 

Two tone controls are employed in this re- 
ceiver: one for treble and one for bass. The 
treble control is quite simple. Fig. 12, which is 
a simplified schematic of the audio inverter and 
output stages, shows that the treble control in 
effect, is a variable bypass for high -frequency 
audio. Bypassing is provided by capacitor 23, 
while its effect is varied by treble control 67. 
This control affects the output tubes equally, 
for the bypassing effect applies to the signal fed 
through the lower half of the inverter (6SN7) 
and so to both the lower and upper 6V6 tubes. 

The bass control, on the other hand, operates 
in a relatively complicated manner. Briefly, it 
uses positive feedback over a path which passes 
the low frequencies predominantly, so that the 
effective gain of the inverter stage is increased 
for bass notes. 

Positive feedback is obtained in this manner : 
The 6SN7 operates as a conventional inverter, 
with the drive to the lower grid (pin 4) derived 
from a tap on a voltage divider connected 
across the output from the upper plate (pin 2). 
The output from the lower plate (pin 5) is 
therefore in phase with the input to the upper 
grid (pin 1) . A portion of this output is fed 
back through resistor 56 and capacitor 15 to 
the low end of the return resistor 49 of the 
upper grid (pin 1). 

Since this voltage is in phase with the input 
signal from the preceding stage, it adds to the 
signal, increasing its effective amplitude. This 
increase in the effective amplitude of the input 
produces a proportional increase in the output. 
Although the coupling capacitor 15 in the feed- 
back path is small, the signal fed back 
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consists predominantly of low -frequency volt- 
ages, since the middle- and high -frequency 
components are bypassed to ground by capaci- 
tor 21. Therefore, the increase in output due to 
feedback is confined principally to the lower 
frequencies; in this manner bass accentuation 
is obtained. Because control 66 is variable, the 
proportion of the output voltage that is fed 
back can be varied, and in this way the bass 
accentuation is controlled. When the band 
switch is in the short-wave position, resistor 54 

is placed in parallel with the lower arm (ca- 
pacitor 21 and that part of control 66 in actual 
use) of the voltage divider in the feedback path. 
This reduces the maximum percentage of feed- 
back available, and therefore, the maximum 
bass accentuation that can be obtained on the 
short-wave band. 

Packard -Bell Model 1052 

Two interesting and unusual features in this 
receiver are a tone -compensated volume con - 
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F1c. 13.-The special three -gang potentiometer used 
as a tone -compensated volume control in the Packard 
Bell Model 1052. 

trol, using a three -gang potentiometer instead 
of the usual single potentiometer with a fixed 
tap, and an automatic volume expander. The 
special three -gang potentiometer is illustrated 
in Fig. 13, and a schematic diagram of the es- 
sential parts of the circuit associated with it, is 
shown in Fig. 14. 

The purpose of tone compensation in this 
volume -control circuit is the same as in any 
other, that is, to compensate for the varying 
characteristic of the human ear. As was pointed 
out previously, the use of a volume control with 
a fixed tap and a fixed equalizing network con- 

nected across part of the volume control, pro- 
duces a desirable compensating effect. (An 
equalizing network is a combination of resis- 

tors, capacitors, and/or chokes which has a cer- 
tain desired frequency response. In the case of 
the tone -compensated volume controls discussed 
in this section, resistor -capacitor combinations 
are used to give an increased response to bass 
notes when the volume is turned down.) How- 
ever, this effect is rather abrupt, that is, when 
the movable arm on the volume control rotates 
past the fixed tap, a sudden change in the tonal 
characteristics of the audio amplifier takes 
place. Although it is a considerable improve- 
ment over no compensation at all, it does not 
produce an altogether natural effect. 

By using variable equalization, rather than 
fixed, a tone -compensation characteristic can be 

obtained that changes gradually with the vol- 

ume -control setting and comes very close to 
compensating exactly for the peculiarities of 
what might be termed the "average" human 
ear. Variable equalization is produced in the 
Packard -Bell Model 1052 by using two variable 
resistors in the equalizing network, and gang- 
ing them with the volume control. The volume 
control is R19, while the ganged variable resis- 
tors in the equalizing network are R20 and 
R22. In addition to the degree of equalization 
determined by R20 and R22, and dependent on 

the volume -control setting, the listener has at 
his disposal a separate tone control, R23. Being 
part of the equalizing network, R23 can vary its 
characteristics to suit the individual listener. 

This equalizing circuit operates from 50 to 
400 cycles. With the volume control turned 
down to the point where only 100 milliwatts of 
audio power are supplied to the speaker, the 
bass accentuation at 50 cycles is 25 decibels 
with R23 in the maximum bass position. With 
R23 in the maximum treble position, the bass 
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F1c. 14.-How the ganged volume control shown in 
Fig. 13 is connected in the first a -f amplifier. 

boost is reduced to 10 decibels for the same 
volume -control setting. The equalizing circuit 
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is so designed that there is no bass boost when 
the volume control is turned to the high end 
past the half -way point. At this point, the tone 
control also ceases to become effective. 

Automatic Volume Expansion 

In the article on "Recording" the use of auto- 
matic volume compression in the Packard -Bell 
Model 1052 is discussed. As was pointed out 
there, no volume control is necessary in the 
recording circuit because the gain of the am- 
plifier is held automatically at the proper value. 
This results in well -cut grooves on the records, 
but the volume range of the recorded sounds is 
so confined by compression as to sound some- 
what unnatural. This condition is remedied by 
the automatic volume expander (ave), which 
has just the opposite effect of the compression 
circuit ; that is, variations in volume of the 
sound are accentuated by the ave, instead of 
being suppressed, as in the compression circuit. 

The automatic volume expander (ave) in- 
cludes two features not ordinarily found in con- 
junction with this type of circuit. These are 
delayed audio avc and a limiting diode. The 
former opposes the ave action at high levels, so 
as to cause a tapering -off effect and so prevent 
overloading. At low levels, the delay prevents 
audio avc operation, and the ave operates un- 
affected. The limiting diode has much the same 
function as the delayed avc. The ave operates 
when high levels are maintained over a rela- 
tively long period, but the time constants of its 
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Fio. 15.-The automatic volume -expansion circuit of 
the Packard Bell Model 1052. 

"HOW IT WORKS" 

circuits are too long for it to operate on sharp 
peaks; in such a case, overloading is prevented 
by the limiting diode. 

The ave circuit is shown in Fig. 15. Audio 
voltage from the phono pick-up or second de- 
tector is fed to the volume -control equalizer and 
also to the control grid of the expansion am- 
plifier. Resistors R16-2, R16-4, and capacitor 
L8-6 perform a decoupling function. They pre- 
vent negative audio feedback from the plate of 
the expansion amplifier to its control grid. At 
the same time, these resistors provide a d -c path 
from one of the plates (pin 3) of V9 to the con- 
trol grid of V6. In addition, these resistors, 
together with R16-1, form the ground -return 
path for the control grid, and a bias voltage is 
developed over them by the "contact potential" 
effect between cathode and grid of V6. 

At low audio levels neither the delayed audio 
ave nor the limiting diode operate. The ave ac- 
tion, then, is this : The a -f signal, amplified by 
V6, is fed through C8-4 to a plate (pin 5) of V9. 
A positive d -c (rectified) voltage proportional 
to this audio appears across R16-5, and is ap- 
plied through R15-3 and R16-7 to the control 
grid of the first audio amplifier, V7. Since the 
cathode of V7 is connected to a voltage divider 
across the B+ supply, this puts it at a poten- 
tial of 5.9 volts above ground. The rectified 
voltage from V9 reduces the grid -cathode bias 
on V7. This in turn increases the gain of the 
first audio stage. Thus the gain of V7 is made 
proportional to the average level of the audio 
signal, and changes in the average level are 
accentuated, for relatively high gain is pro- 
vided for high signals and low gain for low 
signals. The a -f signal is fed to the control grid 
of V7 through C14-1 from the volume -control 
equalizer. In conjunction with this, resistor 
R16-7 and capacitor C17 decouple the audio 
from V9; in addition, C17 acts with R15-3 as a 
filter in the output of V9. 

At high audio levels that are reached abruptly 
(that is, sharp peaks), the rectified voltage ap- 
plied by V9 to the control grid of V7 may tend 
to exceed 5.9 volts. Since this is the cathode 
voltage of V7, the grid would go positive in the 
absence of a limiting device. Should the grid go 
positive, considerable audio distortion would be 
produced. The limiting device is the diode plate 
of V7. Any voltage from V9 in excess of 5.9 
volts will cause current to flow from the cathode 
of V7 to the diode plate of that tube. This cur- 
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rent will produce a voltage drop across R15-3 
which will buck out the excess voltage, thus 
preventing the control grid from being driven 
positive. 

When a high audio level is reached gradually, 
the delayed audio avc operates. The voltage de- 

lay is produced by a fixed bias applied to the 
cathode (pin 4 of V9) of the avc diode by the 
voltage divider R14-5 and R17 from B+ to 
ground. This fixed bias is 1.55 volts. The am- 
plified audio signal from the expansion ampli- 
fier, V6, is fed through C8-4 and C3-4 to the 
plate (pin 3) of the avc diode. If this a -f signal 
is higher than the delay bias, it is rectified, and 
the resultant negative d -c bias is applied to the 
control grid of V6. This negative bias decreases 
the gain of V6, and therefore reduces some- 
what the output of the expansion rectifier (pins 
5 and 8 of V9). In this way, the amount of ex- 
pansion is reduced at high levels, so as to pre- 
vent overloading. The time constant of the 
path from pin 3 of V9 to the control grid of V6 

is such that the action of the delayed avc does 

not commence immediately after the input to 
the delay diode exceeds the delay bias. For this 
reason, the limiting diode is occasionally re- 
quired to act. 

Philco Model 46-1201 

In this radio -phonograph combination, a sin- 
gle knob operates the volume control, on -off 

switch, and radio -phono switch. The on -off 

switch is ganged to the volume control in a 
manner similar to that usually found when 
these two controls are ganged. The difference 
lies in the unusual "OFF" position, which oc- 

curs when the volume control is at the center of 
its rotation. The reason for this is that the 
receiver operates when the knob is turned to 
the right (clockwise) from the central position, 
and the phonograph when the knob is turned to 
the left (counterclockwise). 

A further unusual feature necessitated by 

this arrangement is the grounded center tap on 

the volume control. This is required because 
zero volume is found at the central (off) posi- 
tion. Receiver volume is on full when the knob 
is turned all the way to the right, and phono- 
graph volume is loudest with the knob turned 
as far as it will go to the left. The radio -phono 
switch (which controls power to the turntable, 
etc.) is operated by a cam on the shaft of the 

volume control. Thus three functions are con- 
trolled by a single knob. 

OSCILLATOR -BIAS CONTROL 

One of the important characteristics required 
of a frequency -conversion system is high mixer - 
stage gain. This characteristic of a mixer or 
converter is sometimes called translation gain 
or more usually conversion gain. It is equal to 
the ratio of the intermediate -frequency voltage 
at the output of the mixer to the radio -fre- 
quency voltage at the input of the mixer. 

Mathematically this is seen as :- 
mixer output i -f voltage 

Conversion gain = 
mixer input r -f voltage 

It could be shown that conversion gain is also 
equal to the product of the total load impedance 
of the tube multiplied by the conversion trans - 
conductance of the tube. This latter term may 
be defined as the ratio between the intermediate - 
frequency current at the output of the mixer 
to the radio -frequency voltage at the input of 
the mixer, and is given the symbol G. 

Mathematically this is : 

mixer output i -f current 

G` mixer input r -f voltage 
Conversion transconductance is a very im- 

portant quality of a mixer tube since the gain 
of the stage depends upon having a high value 
of Gc. 

The conversion transconductance of a mixer 
(and converter) tube is an indirect function of 
the oscillator voltage injected into the mixer 
tube, whether this is done through the cathode, 
control grid (first grid), or suppressor (third 
grid) . The oscillator voltage injected into the 
mixer is quite large compared to the input r -f 
signal voltage so that the oscillator voltage con- 
trols the amount of plate -current flow in the 
mixer. 

The voltage output of a conventional high - 
frequency heterodyne oscillator in use in a 
superheterodyne receiver, varies somewhat 
with frequency. Thus the voltage output of the 
oscillator ie different at one end of the tuning 
range than it is at the center or at the other 
end of the tuning range. Whether the oscilla- 
tor output increases or decreases as the oscilla- 
tor frequency goes up, depends on the imped- 
ance relations of the oscillator circuit. This 
latter point does not require elaboration for the 
purposes of this discussion. 
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Since the output of the oscillator determines 
indirectly the conversion transconductance of 
the mixer tube and thus the conversion gain, 
changes in the oscillator output cause the con- 
version gain of the mixer to vary with fre- 
quency. This is, of course, a disadvantage in 
receivers, since overall receiver gain will tend 
to vary at different points in the tuning range. 
In addition, sensitivity will not be uniform 
throughout the frequency range of the receiver. 

Maximum gain of the mixer stage at the con- 
version frequency (intermediate frequency) is 
obtained when the mixer tube is operated at the 
peak of its "conversion-transconductance versus 
grid -bias curve," which usually is called "con- 
version-transconductance curve." Fig. 16 illus- 
trates a typical conversion-transconductance 
versus grid -bias curve and shows how the con- 
version transconductance of the mixer varies 
with the bias on the tube. To obtain the opti- 
mum operating condition, the tube must be 
operated at a definite bias. The normal pro- 
cedure when designing the receiver mixer cir- 
cuit is to set the mixer bias at a median point in 
the receiver frequency range so as to operate 
the mixer at the peak of its transconductance 
curve. 

When a mixer tube is operated at the peak of 
its conversion-transconductance curve for a 
particular oscillator frequency (usually a 
median frequency), variation in the oscillator 
frequency (with receiver tuning) will vary the 
oscillator voltage output, as explained above, 

Fio. 16.-Curve show- 
ing how the conversion 
transconductance varies 
with the grid bias of 
the mixer tube. 

VOLTS 
6R10 Nº 1 

and will shift the point of operation of the 
mixer to one or another side of its Ge peak. 

This effect can be anticipated by making use 
of an oscillator whose voltage output is constant 
regardless of frequency. This, however, is not 
an easy or inexpensive solution and it is neces- 
sary to look elsewhere for solving this problem. 

Since variation in tube bias will change the 
tube GC, anything which will vary the tube bias 
will at the same time vary the tube Ge. The 

"HOW IT WORKS" 

discussion below will indicate how use is made 
of this principle to solve the problem of varia- 
tion in conversion gain. 

Sears Roebuck Model 6092 

A circuit arrangement enabling constant 
operation of the mixer tube at the peak of its 
conversion-transconductance curve and thus 
guaranteeing maximum mixer -stage gain (con- 
version gain) is used in the Sears Roebuck 
Models 6092, 6093, 6104A, etc. The portion of 
the schematic of the first two models, relative 
to this discussion, is illustrated in Fig. 17. 

These receivers make use of an oscillator 
bias -control circuit to accomplish the above con- 
dition. The oscillator bias -control tube is a 7E6, 
which consists of two diodes and a medium -mu 
triode in a single envelope. One diode section of 
the 7E6 is not used, its anode being grounded, 
while the other is used to develop a supplemen- 
tary bias voltage for the mixer tube (here 
termed a translator.) . The bias voltage is fed 
into the signal -grid input circuit of the mixer. 
The oscillator section of the 7E6 feeds the oscil- 
lator voltage from its cathode into the cathode 
of the mixer tube. The diodes in the 7E6 are 
well shielded from the triode section so that 
there is freedom from interelectrode interaction 
between the respective circuits. 

The mixer (translator) is a 7H7 tube whose 
characteristics are similar to the 6SG7 tube. 
The 7H7 is a pentode super -control voltage am- 
plifier having high transconductance. The tube 
may further be described as a semi -remote cut- 
off tube and the reason for its use here may be 
described briefly as follows : 

One of the features desired in a mixer is con- 
trol of amplification by variable grid bias. This 
requires that a gradual cutoff tube be used. 
However, high conversion gain is also desired 
and this requires the use of a sharp cutoff tube. 
The semi -remote cutoff tube is thus a com- 
promise between these two requirements. 

The circuit shown in Fig. 17 creates a bias 
voltage for the mixer tube dependent on the 
oscillator output. This may be seen from the 
fact that the 7E6 cathode is common to both the 
triode oscillator circuit and the bias -control 
diode circuit. Changes in mixer bias due to 
changes in oscillator output take place as 
follows : 

When the oscillator output increases, the 
voltage drop across the oscillator output load 
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Fio. 17.-Schematic diagram showing how constant operation of the mixer tube at the peak of its conversion- 

transconductance curve is obtained in the Sears Roebuck Model 6092. 

increases, thus increasing the oscillator plate 
current. The oscillator plate current passes 
through the cathode circuit, and this current, 
whose drop through the cathode resistance is 
used to provide oscillator voltages for the mixer 
tube, is also rectified by one of the 7E6 diodes. 
Resistor R3 (1 megohm) and capacitor C8 (100 
mmf) serve as an r -f filter to eliminate the 
oscillatory components in the rectified voltage. 
Resistor R4 (1 megohm) serves to decouple the 
bias -control circuit from the normal avc circuit. 

The voltage developed by the bias -control 
diode is impressed across the mixer grid load 
and serves to augment the self bias developed 
by the mixer cathode resistance. Thus the bias 
on the mixer will vary with changes in ampli- 
tude of the oscillator output and this will corn - 

pensate for the shift in mixer conversion trans - 
conductance resulting from changes in oscilla- 
tor voltage. The regulation of the mixer bias 
by the oscillator cathode current causes the 
mixer to swing back automatically to peak oper- 
ation each time a change in oscillator voltage 
causes it to swing away from peak operation. 
If the oscillator output increases, the bias on 

the mixer tube will increase and if the oscillator 
output decreases, the bias will decrease, so that 
the tube is operated at the peak of its conver- 
sion-transconductance curve at all times. 

Maintenance of the conversion gain constant 
in this manner permits normal operation of the 
avc which is fed to the mixer and i -f amplifier 
from the 6SQ7GT tube. 
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"GIMMICKS" 

The title heading of this page will probably 
arouse the curiosity of many a reader. The 
word, gimmick, has been used so widely through- 
out the radio industry (besides being used in 
ordinary everyday life) that an exact meaning 
of the word becomes difficult. We have found 
reference given to gimmicks by many receiver 
manufacturers and analyzing all the cases, we 
have set up an arbitrary definition of what a 
gimmick is. Any piece of wire or coil that has 
been inserted purposely in a circuit in such a 
manner that one end is connected in the cir- 
cuit with the other end open, or both ends open, 
and serves the purpose of a small capacitance, 
is termed a "gimmick". In other words, a cer- 
tain amount of capacitance exists between the 
open end of the wire or coil and some other 
part of the circuit. 

An illustration will help explain the full ex- 
tent of a gimmick. In Fig. lA is shown a coil 
of wire L1 with one end tied to the control grid 
of a tube and the other end open. Near this 
open end of the coil there is an inductance L2. 
The inductance L2 is part of a 1000-kc resonant 
tank circuit of which C2 is the variable ca- 
pacitor and the tank circuit is excited by a 
1000-kc signal. Due to this excitation, a cir- 
culating alternating current exists within the 
tank circuit and energy is available from this 

L2 

Fio. 1.-Illustrating how a gimmick functions as a capacity in a circuit. 

84 

tank. Placed very close to the inductance of 
the tank is the open end of Li, which forms, 
effectively, one "plate" of a capacitor. The 
high side of L2 represents the other "plate" of 
a capacitor and together both "plates" form an 
effective capacitance, which is small in value, 
some of the energy from the tank circuit being 
fed into the grid of the tube through the L1 
gimmick. 

An equivalent circuit with the gimmick re- 
placed by a capacitor is shown in Fig. 1B. 
Since it may not be evident exactly how a ca- 
pacity is formed between Li and L2, it will be 
best to study the formation of a capacity from 
the physical point of view. 

Two conductors separated by some type of 
dielectric can be called a capacitor; the dielec- 
tric may be air, paper, mica, oil, or a number 
of other materials. The many different in- 
sulating materials used as a dielectric between 
two conducting plates are capable of exhibiting 
electric charges on the outer surface of the 
material facing the conducting plates. How ca- 
pable these insulating materials are in ex- 
hibiting electric charges is dependent upon the 
type of dielectric used. 

A standard has been set up to enable us to 
have a method of determining the extent of 
how well these materials will exhibit electric 
charges. The term dielectric constant or spe- 
cific inductive capacity is used as a reference 
of the ability of the dielectric to exhibit electric 
charges and the dielectric of a vacuum is taken 
as the standard and has a dielectric constant 
of unity (1) . For most general purposes and 
for quick calculations, air has been considered 
as the standard most often used and it also has 
been given a dielectric constant of about one 
(1) . (The actual difference between the dielec- 
tric constant of air and a vacuum is so small 
that for most purposes it is considered as 
negligible) . All the dielectric constants of the 
other insulating material used are based upon 
the dielectric constant of air which is unity. 
When we refer to the dielectric constant of any 
material used as a dielectric insulator (other 
than air) between any two conducting plates 
we mean the following: 
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The ratio of the true capacitance between 
the plates when using any dielectric other than 
air, to the capacitance between the same plates 
when air is used as the dielectric, is termed the 
dielectric constant of the insulating material. 

The capacitance between two conducting 
plates can be calculated if the distance between 
the conductors, the common area between their 
plates, and the dielectric constant of the in- 
sulating material used are known. It is not in- 
tended here to determine the actual capacitance 
between such a system as in Fig. 1, but rather 
to show that a capacitance does exist between 
the coils. To be more exact in the calculation 
of a capacitance between two conductors sep- 
arated by a dielectric, we will consider the 
simple case of two flat plates separated by air. 
For all general purposes, the capacitance of 
any two parallel -plate conductors is given by 
the following formula : 

C = .225 
KA 

in mmf 
d 

where 
K equals the dielectric constant of the 

insulating material 
A equals the common area between the 

plates in square inches 
d equals the distance between the plates 

in inches 
Therefore, if the area common to the plates is 
3 square inches, the distance between the plates 
0.1 inch, and the dielectric constant equal to 
1 for air then the capacity would be : 

C = .225 1 
X 3=_- 

.225 X 30 = 6.75 mmf 
0.1 

1A7GT 
1ST DET: 05C. 

CA P 

R2 2Z0 K 

C11 

GANGED- 

L4 

Although the coils under discussion do not in 
any way represent a parallel -plate capacitor, 
the above problem will illustrate the nature of 
how a simple parallel -plate capacitor is de- 
termined and that capacitance does exist be- 
tween LZ and L2 of Fig. 1 as described. The 
actual calculation of the capacity between LI 
and L2 is in itself too complex to compute, but 
it is much easier to measure it with some suit- 
able measuring instrument such as a Q meter. 

With the understanding of how a capacity 
does exist and of what is arbitrarily defined as 
a "gimmick", the next best thing to do is to 
study the various different receivers that use 
one form of gimmick or another and to under- 
stand the manufacturer's reason for using his 
gimmick. 

RCA Model 55F and Firestone Model 7398-9 

In both the RCA Model 55F and Firestone 
Model 7398-9 a gimmick is used in their os- 

cillator circuits to provide the necessary ca- 
pacitance to couple the oscillator -tank -circuit 
voltage to the grid of the oscillator. The oscil- 
lator circuits of both these models are illus- 
trated in Fig. 2. Both models have a form of 
tickler -coil oscillator but seem to have their 
tank circuit "floating". That is to say, the os- 

cillatory tank circuit has only one end going to 
ground and the other end unconnected. At a 
first glance one would believe that there is no 
means of conductively ccupling the oscillator - 
tank voltage to the grid of the oscillator sec- 

tion of the tube. Now that something is known 

125A7 
CONVERTER 

GIMMICK 

GANGED 

Fio. 2.-At the left is shown the RCA Model 55F, and at the right is shown the Firestone Model 7398-9; both 
using a gimmick L2 in the oscillator circuit. 
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about gimmicks, notice the coil L2 placed above 
the tank inductance L3; hence an effective ca- 
pacitancè exists between the open end of L2 
gimmick and coil L3 so that some oscillatory 
voltage is fed through this effective capacitance, 
formed by the gimmick and high side of L3, 
to the grid of the oscillator tube. These gim- 
micks usually are wound around the same coil 
form as the rest of the oscillator coils and how 
close they are wound or coupled to the other 
coils determines the amount of capacity intro- 
duced between the gimmick and tank coil and 
hence the amount of oscillatory voltage fed to 
the grid. 

This kind of a gimmick replaces the usual 
small mica coupling capacitor that is often 
used to couple the oscillator voltage to the grid 
of the oscillator tube. With such an arrange- 
ment, much needed space is saved and that is 
always required in the manufacture of radio 
receivers. The serviceman will probably not 
be able to notice from looking at the chassis 
that a gimmick does exist in the oscillator cir- 
cuit since most of these gimmicks are on one 
oscillator coil form and the form is completely 
wax impregnated. 

Emerson Model 506 

Continuing on the topic of oscillator circuits 
that use gimmicks it is found that in the Emer- 
son Model 506 a gimmick arrangement is used 
to accomplish the coupling of some of the os - 

CONVERTER 
12SA7GT 

Flo. 3.-Oscillator circuit of the Emerson Model 506 
using gimmicks to couple the oscillator voltage to the 
grid of the tube. 

"HOW IT WORKS" 

cillator tank voltage to the oscillator grid. The 
circuit is shown in Fig. 3. It will be noticed 
that one end of coils LI and L2 are open and the 
other ends attached, each to respective parts 
of the circuit. Each coil L1 and L2 according 
to our definition, represents an individual gim- 
mick. In the preceding discussion it was shown 
how only one gimmick was used to formulate 
an effective capacity between the oscillator grid 
and tank circuit, but in this circuit two gim- 
micks are used for the same purpose and ob- 
tain a higher value of effective capacitance. 
The four sections of coils L1, L2, L3, and L4 
represent what is known generally as the os- 
cillator -coil assembly, all these coils probably 
being wound on one coil form. Coil LI and L4 
is one continuous coil with a tapped junction to 
which the parallel capacitors are wired and 
which utilizes L4 as the inductance of the tuned 
circuit. The total coil (L1 plus L4) is wound 
in such a fashion that one end remains open 
and it is the end nearest the tap which forms 
the gimmick capacitor. Thus we have at the 
junction of L4 and C2 a separate coil LI exist- 
ing, which has one end open and one end con- 
nected. On the same coil form is also wound 
coil L2, which is a separate coil that has one 
end open and one end connected to the grid of 
the oscillator section of the 12SA7/GT tube. 
Coil L2 is wound close to coil Li, as shown 
in the diagram of Fig. 3, and between coil LI 
and coil L2 a certain amount of capacitance 
exists which is determined primarily by the 
distance separating both coils and the common 
area between the surfaces of the coils. Since 
the coils of 14.1 and L2 are closely coupled and 
also since the common surface area between 
them is great, then a higher effective capac- 
itance exists between both gimmicks and more 
oscillator voltage will be coupled to the os- 
cillator grid. 

DeWald Model A602 

In all the other models discussed, the gim- 
micks used in the oscillator circuit were em- 
ployed with a tickler -coil oscillator only. In 
the DeWald Model A602 a gimmick is used in 
their oscillator circuit but a Hartley oscillator 
with a 12SA7 tube is employed, the circuit be- 
ing shown in Fig. 4. 

The gimmick coil is coupled closely to the os- 
cillator tank coil and through the effective ca- 
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pacitance formed between both coils, some of 
the oscillator tank voltage is injected onto the 
oscillator grid section of the 12SA7 tube. The 

22K 

CONVERTER 

12 SA7 

GIMMICK ' 

GANGED---' 

FIG. 4.-Hartley oscillator circuit used in DeWald 
Model A602 showing gimmick on the oscillator plate. 

closeness of coupling between the coils and the 
amount of common area between the coils de- 
termines how much oscillator voltage will be 
injected onto the grid. 

Espey Model XFJ-97 

In the past, the usual method of coupling the 
oscillator tank voltage to the oscillator grid 
was through a fixed mica capacitor which was 
connected between the grid and high side of 
the tank circuit. It was shown in the preceding 
discussion how certain gimmick arrangements 
produced an effective capacitance and elimi- 
nated the fixed mica capacitor by coupling 

CONVERTER 
14(17 

3 
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WINDING 
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L2 
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Unusual bifilar winding used as a gimmick 
in the Espey Model XFJ-97. 

enough oscillator tank voltage on the oscillator 
grid to keep the oscillator functioning. This 
fixed mica capacitor was anywhere from 50 to 
100 mmf in value. The higher the value of the 
capacitance, the greater would be the coupling 
between the oscillator tank and the oscillator 
grid of the tube. The previous gimmick ar- 
rangements produced a satisfactory enough 
capacitance, but in the Espey Model XFJ-97 
a gimmick arrangement in the form of a bifilar 
winding is used to give a high capacitance. 
The Espey oscillator circuit is shown in Fig. 5. 

Before going any further it should be un- 
derstood what is meant by a bifilar winding, 
which was originally a method of winding non - 
inductive resistances. The way of forming a 
bifilar winding was to double the necessary 
wire to be used on itself ; then take the loop 
end of the wire (i.e., that end of the wire not 
open) and wind the doubled wire around a 
form. 

FIG. 6A. - Oscillator 
coil form and windings 
in Espey Model XFJ-97. 

TO 
CATHODE 
OF 14(17 

TO VARIABLE 
CAPACITOR 

ROTOR 

4 5 

TO VARIABLE 
CAPACITOR STATOR 

3 
OPEN 

BIFILER 
WINDING. OWLS 

jbbisuba\ 
L OPEN 

TO OSCILLATOR 
GRID OF 14V 

6B.-Schematic representation of where the ends 
of the oscillator coils are connected. 

In the circuit of Fig. 5, a bifilar type winding 
is used but one end is open on each side of the 
winding (terminals 1 and 3). There is a 
definite purpose for doing this and it will be- 
come evident .as the complete oscillator coil is 
analyzed. Coils Ll and L2 represent the neces- 
sary transformer inductances incorporated 
with the usual tickler -coil oscillator. The bi - 
filar winding together with L1 and L' are all 
wound on one coil form. A drawing of the 
actual coil form with all the coils wound on 
it is shown in Fig. 6A and a schematic repre- 
sentation of the coils is shown in Fig. 6B. The 
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numbers from 1 to 8 on Figs. 5, 6A, and 6B 
are all related to one another and represent the 
connecting ends of the coils. The coils are 
wound in the following manner : 

The bifilar winding starts with coil ends 
No. 2 and 3, the inside winding on the coil 
form, and the coil ends No. 1 and No. 4 are the 
outside terminals. Lead No. 3 is covered com- 
pletely by the winding and is left open and lead 
No. 2 is attached to terminal 2 of the coil 
form. (This terminal 2 later on is con- 
ductively connected to the oscillator grid, as 
shown in the schematic, Fig. 5) . The other 
ends No. 1 and No. 4, of the bifilar winding has 
lead No. 4 tied to terminals 4, 5 of the coil 
form and lead No. 1 remains open. Next coil, 
L1, the oscillator tank coil, is wound around 
the bifilar wound wires and has lead No. 5, 
connected to terminals 4 and 5 and lead No. 6 to 
terminal 6 of the coil form. The next coil L2, 
the tickler coil, is wound around coil L1 with 
leads No. 7 and No. 8 going to terminals 7 and 
8 respectively. In Fig. 5, the schematic repre- 
sentation of the bifilar-wound wires is shown 
and from such a picture it is evident that the 
maximum amount of coupling is obtained be- 
tween both gimmick sections of the windings. 
The actual capacitance as measured between 
coil terminals 2 and 3, is 125 mmf. All the 
coils involved are seen in Fig. 6A to be wound 
one on top of the other and therefore, a very 
high degree of coupling is obtained between 
the necessary windings. 

International Detrola Model 571X 

The application of gimmicks has found a 
wide variety of uses in the antenna and input 
circuits of many receivers. In the antenna cir- 

TO SIGNAL GRID 
OF 14Q 7 

CONVERTER 

ACTUAL INPUT CIRCUIT EQUIVALENT CIRCUIT 

F1c. 7.-Gimmicks used in the input circuit of the In- 
ternational Detrola Model 571X. 

cuit of the Detrola Model 571X, use is made of 
two gimmicks to form the necessary capac- 
itance in completing the antenna output circuit 
to ground. The input circuit and its equivalent 
are shown in Fig. 7. The two gimmicks in the 
antenna circuit are wired with gimmick No. 1 
having one end connected to ground with the 
other end open and gimmick No. 2 having one 
end connected to the hank antenna and the 
other end open. Both open ends of the gim- 
mick lie near each other and an effective ca- 
pacity exists between them, this being shown 
in the equivalent drawing of the input circuit 
by the dotted capacitor. Gimmick No. 2 is 
closely coupled to the permeability -tuned 
ganged tank circuit coil for the necessary 
amount of transformer coupling from the an- 
tenna circuit to the r -f circuit of the 14Q7 con- 
verter. The two gimmicks together serve the 
purpose of forming a complete L -C circuit 
from hank antenna to ground. 

R -f signals are picked up by the hank antenna 
and the signal currents go through the gim- 
micks, and their effective capacity between 
them, to ground. The signal current passing 
through gimmick No. 2, which is closely coupled 
to r -f tank coil, sets up induced voltages into 
this coil L1B due to regular transformer action. 
The total gimmick antenna circuit can be con- 
sidered as a very broad -band circuit accepting 
most signals. However, the tuned r -f tank cir- 
cuit (consisting of L1B and C2A) when tuned 
to some specific station, will reflect a certain 
amount of impedance into the No. 2 gimmick 
at the particular frequency of the tuned tank 
circuit and there will be a maximum amount of 
induced signal voltage from the antenna circuit 
into the tuned circuit at the frequency of the 
station selector. The application of such gim- 
mick arrangements saves space in the input 
circuit of most receivers, since by their use no 
fixed capacitors are needed. 

Spiegel Model 433 

In the Spiegel Model 433 use is also made 
of a gimmick arrangement in the antenna cir- 
cuit but only one gimmick is employed. The 
antenna circuit of this receiver is shown in 
Fig. 8. The gimmick here is a coil of wire 
wrapped around the lead going from the ca- 
pacity plate to the L -C r -f tuned circuit. The 
capacity plate serves the purpose of an indoor 
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antenna. The gimmick in this circuit serves 
the purpose of capacitively coupling the out- 
side antenna to the L -C tank circuit for the r -f 
input signals. The amount of capacity is de- 
termined by how many turns the gimmick is 
wound around, and how closely it is wound, 
the lead going to the L -C circuit. Since the r -f 
input signals of the broadcast band cover a 
frequency range between 540 and 1720 kc, 
then the necessary capacitance needed to couple 
in the r -f signal need not be large and hence 
the gimmick need be only a few turns of wire 
to give the necessary capacitance coupling. 

CAP. 
PLATE 

TO SIGNAL GRID 

OF 12SA7 
CONVERTER 

FIG. 8.-Antenna input circuit of the Spiegel Model 
433 with a gimmick between the antenna and the r -f 
tuned circuit. 

The effect of closer coupling between the 
gimmick and the lead wire to the L -C tank 
can be tested. If the gimmick is removed from 
the r -f lead while listening to the output of 
the set and is brought closer and closer to the 
r -f lead wire until it is as closely coupled as 
before, the output of the set will gradually 
increase. It then follows that the greater the 
effective capacitance between the gimmick and 
the lead wire to the L -C tank (i.e., the greater 
the coupling) , the greater will be the input 
signal appearing on the grid of the converter 
tube. 

Crosley Model 56FA 

The Crosley Models 56FA and 56FB employ 
a gimmick in their antenna circuit to obtain a 
good frequency response of the input r -f signal. 
In Fig. 9, part No. 37 is the broadcast antenna 
coil assembly and consists of all the coils en- 
closed in the dashed box. All these coils are 
wound on one coil form with L and L8 repre- 
senting the primary and secondary inductances 
respectively of the antenna input transformer 
for the broadcast band. The gimmick coil is 
attached at one end to the high side of the 
secondary Le of the input transformer and 

open at the other end. The open end is drawn 
schematically as being coupled to the primary 
L of the antenna input transformer. The 
primary coil 36 is from the short-wave antenna 
transformer and it remains .in the broadcast 
position of the set because the switching ar- 
rangements within the set can be made more 
economically-and furthermore, it has negli- 
gible effect in this position. 

For a moment, let us consider the broadcast - 
antenna input transformer No. 37 without any 
gimmick attached to it. The frequency response 
characteristic of this input transformer with 
its tuned secondary circuit is such that at the 
high -frequency end of the broadcast band, the 
output voltage across the secondary drops and, 
therefore, the level of the response curve falls 
off. This is an undesired feature because a 
frequency -response characteristic as flat as pos- 
sible is required for proper reception. This 
unwanted feature is remedied by the insertion 
of the gimmick, as shown in Fig. 9. This gim- 
mick effectively places a capacity between the 
high sides of the primary L,, and secondary 
Le of the input antenna transformer. The us- 
ual amount of capacity in a gimmick is low 
and offers a low reactance at the high-fre- 

GIMMICK 

36 
PRIMARY 
SHORT-WAVE 
ANT. TRANS. -- 

TO CONTROL 

37ÿ GRID OF INSGT 

BROADCAST 
I 10T .. 1A R.F AMYL. 

ANT. COIL L 
ASSEMBLY L v 

21 
4.7MEG 

2Z 
105 10 MEG 

MF AVG 

F1c. 9.-Antenna gimmick used in the Crosley Model 
56FA. 

quency end of the band. The way in which 
this capacitance, due to the gimmick, functions 
is as follows : 

As the frequency response at the high fre- 
quencies falls off, due to the input transformer 
with its untuned primary and tuned secondary, 
the capacity formed by the gimmick compen- 
sates for this falling off by offering a low -im- 
pedance path to the high frequencies. There- 
fore, the gimmick allows for a better degree of 
coupling between the antenna and the control - 
grid circuit of the IN5GT r -f tube. 
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Firestone Model 4A24 

In the Firestone Model 4A24, two gimmicks 
are utilized in the antenna circuit, as shown 
in Fig. 10, to increase the input response char- 
acteristics of the set at the high frequencies. 
By the use of these gimmicks an effective ca- 
pacitance is added between the high sides of 
the primary, LP, and secondary L,j of the an- 
tenna input transformer. The reason why such 
an effective capacity is needed is exactly the 
same as in the preceding discussion. In this 

TWO GIMMICKS 
TWISTED TOGETHER 

10 

MF = 
AVC 

19 
3.3 MEG. 

TO SIGNAL GRID 
OF 1A7GT 
OSC - MOD 

\ 
GANGED 

10.-Twisted-pair gimmick used in the Firestone 
Model 4A24. 

receiver, however, two gimmicks are used. At- 
tached to the high side of both the primary and 
secondary of the input transformer is a piece 
of insulated wire each with one end open. Both 
these leads are twisted together to form capac- 
itive coupling between them. With such a 
system two wires can be soldered in place 
readily and twisted together very quickly to 
give the necessary coupling for good high -fre- 
quency response. 

This is a quick method to improve the re- 
sponse of the input system of certain receivers 
by the above method. In other words, if the 
receiver has a poor high -frequency response at 
the r -f input section of the set, the serviceman 
can solder two pieces of insulated wire to the 
high sides of both the primary and secondary 

TRIMMER COMPOSED 
OF TWISTED PAIR 

AVC 

C2-1 

TO GRID 
OF GSM 
R -F AMPL. 

(A) 

Fia. 11B.-Schematic 
representation of the 
loop gimmick. 

FIG. 11A.-Loop gim- 
mick used in the Pack- 
ard Bell Model 651 as 
shown in schematic. 

TWO GIMMICKS 
TWISTED TO GIVE Cl 

C2-1 

AVC 

(a) 

of the input transformer and twist them to- 
gether. In that way the high -frequency re- 
sponse will be improved because the effective 
capacitive coupling between the attached wires 
(i.e. the gimmicks) will offer a lower im- 
pedance path to the high frequencies than will 
the input transformer: 

Packard Bell Model 651 

In the broadcast position of the Packard Bell 
Model 651, two gimmicks in the form of a 
twisted pair are used to give an effective ca- 
pacitance across the secondary of the loop. The 
schematic representation and the actual cir- 
cuit is shown in Fig. 11. The so-called twisted 
pair is shown schematically in Fig. 11A to be 
a trimmer capacitor Cl. This Cl actually con- 
sists of two separate twisted gimmicks. One 
gimmick is attached to the high side of the sec- 
ondary of the loop, as shown in Fig. 11B, and 
the other gimmick has one end attached to the 
low side of the same loop secondary, which goes 
to the avc circuit. Both the other ends of the 
gimmicks are open and both wires composing 
the gimmicks, are twisted together as stated 
above. The capacitance formed by these two 
twisted gimmicks is about 2 or 3 mmf. It is 
shown as a trimmer because by varying the 
degree of twist, the capacitance between both 
gimmicks can be changed. If the alignment 
procedure . of this model in Vol. XV be ex- 
amined, it will be noticed that no provision is 
made to vary the twisting of this pair of gim- 
micks. It appears that the manufacturer has 
previously set these gimmicks to give enough 
capacitance between them for proper tracking 
at the high -frequency end of the broadcast 
band. 

Montgomery Ward Model 54 WG -2700A 

In the Montgomery Ward Model 54WG- 
2700A, a gimmick across a capacitor is used 
to increase the capacity of the circuit, the 
schematic being shown in Fig. 12. The gim- 
mick is tied effectively across the 4.7-mmf ca- 
pacitor C32, which is connected between the 
6J5 oscillator plate and 6SJ7 first detector 
signal -grid circuit. The 4.7-mmf capacity of 
C32 is not high enough to accomplish the de- 
sired coupling between the oscillator tube and 
the first detector tube; therefore, a gimmick is 
used to increase effectively the capacity of C32. 
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The soldered end of the gimmick is tied to 
that side of C32 that is connected to the plate 
of the oscillator tube and the open end of the 
gimmick is twisted around the other side of 
the capacitor C32. A capacitance exists be- 
tween the twisted wire of the gimmick and 

FOIL 
ANT. 

Cl 
2-25 
MMF 

T7 
PRI 

GIMMICK .0005MF 

C16A 

C32 
4.7 '111F 

\ 

C7 TO SIGNAL 
i GRID OF 65J7 

R1 
1ST DET 

22 MEG 

AVG 

GANGED 

TO PLATE OF 6,15 
OSCILLATOR TUBE 

12.-Coupling gimmick used in the Montgomery 
Ward Model 54WG-2700A. 

the wire around which it is wrapped, which is 
considered to be effectively in parallel with 
C32. Since capacitors in parallel are additive 
then the total capacitance is increased by the 
exact amount of capacitance offered by the gim- 
mick. This capacitance offered by the gimmick 
is low and is only of the order of a few micro- 
microfarads. 

Galvin Model 65L11 

In the Galvin Model 65L11 and 65L12, a 
gimmick arrangement in the r -f transformer 
assembly is incorporated to increase the re- 
sponse at the high -frequency end of the band. 
In this circuit, shown in Fig. 13, the r -f trans- 
former assembly L2 is enclosed in a shielded 
can and the gimmicks are considered as a part 
of the transformer network. Without these 
gimmicks the r -f transformer, with its un - 
tuned primary LP, and its tuned secondary L 
has a frequency -response characteristic such 
that at the high frequencies the response drops. 
Actually, the r -f transformer coupling between 
the 1N5GT tube and the 1A7GT tube, without 
the gimmicks, offers a high impedance to the 
high frequencies and consequently, a drop in 
gain at these frequencies results. The gim- 
micks incorporated in the L-2 assembly effec- 
tively increase this undesired drop in response 
at the high frequencies. One gimmick has its 
soldered end connected to the high side of LP 

and its open end is twisted around the open 
end of the other gimmick, which has its 

soldered end connected to the high side of Le. 

By this gimmick arrangement a capacitance is 
inserted effectively between the high sides of 
LP and L8. This capacitance is effective at the 
high frequencies since the capacitive reactance 
of the gimmick connection decreases with in- 
crease in frequency and results in a minimum 
amount of opposition to high frequencies. In 
other words, the impedance presented by the 
transformer coupling between LP and L8 offers 
a greater amount of opposition to the high 
frequencies and therefore, the low -impedance 
path of the capacitance, due to the gimmick, 

1N5GT 
RF AMPL. 

L-2 R -F TRAN 

AVG 

6 

2 7 

1A7GT 
OSC. MOD 

O511F 
GANGED 

Fio. 13.-Gimmick used in the Galvin Model 651,11 
to increase response at high frequencies. 

compensates for the drop in response at high 
frequencies. 

Farnsworth Model CT -060 

In the Farnsworth Model CT -060, two gim- 
micks in the signal -grid circuit of the 12SA7 
converter tube in the broadcast band are used 
to serve the purpose of an i -f wave trap. The 
circuit is shown in Fig. 14A, coils Li and L2 
are the two gimmicks comprising the wave trap 
of this set. One end of coil LZ is attached to 
the signal -grid circuit of the 12SA7 tube and 
one end of coil L2 is attached to one side of 
an .05-mf capacitor. (This capacitor is part of 
the avc filter network) . Both the open ends 
of the gimmicks are facing each other and be- 
tween these open ends a certain amount of 
capacity exists. For simplicity's sake, we will 
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FIG. 14.-Gimmick wave trap used in the Farnsworth 
Model CT -060. 
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call this capacity C and the wave trap in an 
equivalent circuit is illustrated in Fig. 14B. 

The capacitor C is inserted effectively be- 
tween both gimmicks and its value depends 
upon how close the gimmicks are wound with 
respect to each other. Coil L1, the effective ca- 
pacitance C, and coil L2 are all in series to com- 
plete an a -c signal path to the B -minus circuit 
for frequencies in the i -f region. In effect this 
Li -C -L2 circuit is a fixed series -resonant cir- 
cuit for frequencies in the i -f region. This 
means that the inductance values of both gim- 
micks and the closeness of coupling between 
them, which determines the capacitance of C, 

"HOW IT WORKS" 

are the factors used in determining the reson- 
ant frequency of the wave trap. 

One point of interest to the serviceman is 
that in doing resistance measurements and 
continuity checks with this model, he should 
remember that there are two gimmicks com- 
prising this wave trap and that there is no 
continuity through it. It should also be under- 
stood that the series -resonant frequency of this 
wave trap is fixed and that there are no pro- 
visions for aligning the intermediate frequency 
of this trap as there usually are no other 
models that employ i -f wave traps in their r -f 
sections. 
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FILTERING 

A filter is an electric circuit or network de- 
signed to eliminate or suppress a certain un- 
wanted frequency or band of frequencies, at 
the same time selecting or. allowing to pass un- 
hampered the desired frequency or band of fre- 
quencies. From this definition, it can be seen 
how any tuned circuit acts as a filter, by select- 
ing only that frequency or frequencies to which 
it is tuned. The intermediate -frequency (i -f ) 
transformer of any receiver consists of parallel 
tuned circuits resonant to the i.f. These parallel 
resonant circuits offer a high impedance to the 
frequency to which they are tuned, (for a more 
thorough discussion of parallel and series cir- 
cuits, see section on Coupling) thereby develop- 
ing maximum currents at that frequency; 
whereas to frequencies that are not close to the 
i.f., they offer a low -impedance path in the 
parallel resonant circuit, thus causing decreas- 
ing circulatory currents and thereby effectively 
suppressing the unwanted frequencies. 

Crystals also fall into the category of tuned - 
circuit filters, and usually are found in oath- 

--e-1 á D d --f ----- 
C.1 I 

L J 

Fro. 1.-Equivalent 
circuit of a quartz crys- 
tal and holder. 

munication or "ham" equipment. The equivalent 
electrical circuit of a quartz crystal is shown in 
Fig. 1, where L, C, and R are the equivalent in- 
ductance, capacitance, and resistance of the 
crystal. In order to make use of the crystal it 
must be inserted in a holder so that electrical 
connections can be made to it. This holder has 
the effect of adding capacity (CI, shown in 
dotted lines in Fig. 1) in parallel with the series 
tuned circuit. The frequency to which a crystal 
is resonant depends primarily upon how the 
crystal is cut, but it also depends upon how it is 
used in a circuit; that is, it can be made to 
respond to either its parallel or series -resonant 
frequency. 

A quartz crystal has a very high Q, (the Q 
is a figure of merit or selectivity of a circuit, as 
explained in Coupled Circuits) and is the ratio 
of the inductive reactance to the resistance of a 
resonant circuit. Fig. 2 illustrates a crystal - 
filter circuit patented by Hammarlund Mfg. Co., 

ACTION 

Inc. and is shown as it exists in that company's 
Super -Pro Model .400 SX. 

The crystal, Y2, is cut to an i.f. of 465 kc and 
acts as a very high Q series -resonant circuit. 
The added capacity of the crystal holder is neu- 
tralized by the phasing capacitor C46. This 
series -resonant circuit offers a very low im- 
pedance to 465 kc and a high impedance to 
other frequencies. The crystal circuit and its 
load, which is the parallel -resonant circuit of 
L27 and C48, both of them being resonant to the 
i.f., is actually a voltage -divider network, as 
shown in Fig. 3. 

A 465-kc signal (resonant frequency) at the 
input will see a low -impedance path through 
YI and therefore a small amount of voltage 
will be developed across the crystal circuit, but 
this signal will then see a high -impedance load, 
across which the major portion of this signal 
voltage will be developed. If any other fre- 
quency exists at the input, it will see an in- 
creased impedance in Yl, therefore, a greater 
voltage across Yl is developed. This unwanted 
signal then sees a decreased impedance in the 
parallel load circuit and will develop less volt- 
age across the load output. This decrease in the 
output voltage causes the attenuation of f re - 

6L7 1ST 1. F. 

6K7 
,vs B+ 

Fin. 2.-The crystal filter circuit used in the Ham- 
marlund Super -Pro Model 400 SX, which uses the phas- 
ing capacitor C46 to neutralize the added capacity of 
the crystal holder. 

Courtesy of Hammarlund Mfg. Co. Inc. 
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quencies other than the intermediate frequency. 
This crystal filter circuit can be made more 

selective in steps by turning switch S2 in Fig. 3 

from position 1 to position 5, at which point it 
has maximum selectivity. This switch inserts 
additional resistance in series with L27, there- 
by lowering the Q and the impedance of the 
parallel -resonant load. 

INPUT 

o EQUIVALENT 
OF Y1 

TC 48 

OUTPUT 

TO GRID 

Fro. 3.-Equivalent voltage -divider network of the 
crystal circuit and load of Fig. 2. 

The impedance (Zr) of this load, as shown in 
Fig. 4, is in series with the crystal, and the Q 

of this crystal circuit is the ratio of the induc- 
tive reactance to the total resistance (R+Zp) 

XL 
that is, In this particular circuit XL 

+ D 

and R have remained constant at the resonant 
frequency, but Zr has decreased; therefore the 
ratio, which is the Q of the crystal circuit, has 
increased, which in turn, makes the circuit more 

Zp 

Fro. 4.-The impedance of the parallel -resonant load 
is in series with the crystal of Fig. 2. 

selective. This fact will be shown more rigor- 
ously in the following mathematical analysis : 

Let QT be the Q of the total series -resonant cir- 
cuit of Fig. 4 

XL the inductive reactance of the crystal 
XLp the inductive reactance of the parallel - 
resonant circuit 
R the resistance of the crystal 

"HOW IT WORKS" 

Rp the resistance in the parallel -resonant 
circuit 

and Zr the impedance of the parallel -resonant 
circuit, which is the equivalent series re- 
sistance added to the crystal. 

X 
L 

but Zp= LP therefore QT= 
R Zp RP 

XL XL XLRP 
QT= 

XLP= RRP+XLP 
R + R'p 

¡Rp 
XLRP=QTRRP +QTXLP= 

or XLRP-WG¡TRRP =QTXLP2 
RP (XL-QTR) -QTXLP= 

R 
QTXLP 

P - 
XL-QTR 

RRp+XL p= 

QTX LP= 
Now if Rp increases then must in- 

XL-QTR 
crease, but at the resonant frequency, R, XLP 

and XL remain constant, therefore QT is the 
only variable and the two possibilities are that 
QT either decreases or increases. If QT de- 
creases, then the numerator QTXLP2 decreases 
and the denominator (XL-QTR) must increase, 
thus making the fraction, which is equal to Rp, 

decrease ; but we know that Rp must increase, 
therefore QT cannot decrease. If QT increases 
then the numerator would increase, the denomi- 
nator would decrease, thus the fraction would 
increase. This satisfies the condition that Rp is 
increased and shows that if resistance is added 
in series to the parallel -resonant circuit, that 
the total series -resonant circuit becomes more 
selective. 

Magnavox Model CR -187 

In the Magnavox Model CR -187, a parallel - 
resonant circuit, consisting of coil 3 and capaci- 
tor 7 in Fig. 5, is being used as a 10-kc filter 
between the plate circuit of the 6SN7 inverter 
stage and the grid circuit of the 6V6GT output 
stage. This filter, being parallel resonant to 10 

kc, offers a very high impedance to this fre- 
quency and therefore does not allow it to pass 
on to the grid of the output tube, thus eliminat- 
ing a 10,000 -cycle whistle, which might other- 
wise be heard through the speaker when the 
set is tuned between two adjacent stations on 
the broadcast band. 

Let us see why and how a 10-kc signal might 
get into the audio section of the receiver. First 
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of all, the Federal Communications Commis- 
sion has stated that adjacent channels (sta- 
tions) on the broadcast band must be 10 kc 
apart. Now if the set is tuned between two ad- 
jacent stations of about equal strength, let us 

1/.265N7 
INVERTER 

5 67 

6V661 
POWER AMPL. 

Fcc. 5.-The Magnavox Model CR -187, which uses a 
parallel -resonant circuit consisting of coil 3 and the 
variable capacitor 7, as a 10-kc filter. 

say these stations are at 600 kc and 610 kc, then 
the set would be tuned to 605 kc. Since the os- 
cillator tracks above the signal frequency by 
455 kc, (the i.f.) to which the set is tuned, that 
would make the oscillator frequency 1060 kc 
(605+455) . The incoming signals beating with 
the oscillator would produce signals at 460 kc 
(1060-600) and 450 kc (1060-610) . These 
signals are close enough to the intermediate 
frequency of 455 kc to pass through the i -f 
transformers, and beating together, they would 
produce a 10-kc difference signal ' (460-450) 
which would appear as an audible whistle if 
not filtered out. 

Emerson Model 506 

In Fig. 6 is shown another type of tuned - 
circuit filter between the plate circuit of the 
6SS7, r -f amplifier, and the grid circuit of the 
12SA7GT converter tubes in the Emerson Mod- 
el 506. This filter, consisting of Ti is tuned to 

V1 
R-FAMPL. 

6557 R2 

C6 

015 

V2 
CONVERTER 

125A7GT - 

Fcc. 6.-The Emerson Model 506, which uses a tuned - 
circuit filter consisting of Tl, which is tuned to the i.f. 
by means of capacitor C15. 

the intermediate frequency of 455 kc by means 
of the trimmer capacitor C15. This filter cir- 

cuit is series resonant to the i.f. and, therefore, 
offers a low impedance to this frequency. 

The output of the r -f amplifier consists of an 
untuned stage which means that it will have 
maximum gain at the low -frequency end of the 
dial ; but since the filter is across the output of 
the r -f tube, the impedance into which the tube 
is working near. the i.f., is low and, therefore, 
the gain of tube decreases at these frequencies. 
If a c -w signal near the intermediate frequency 
should find its way to the antenna, instead of 
being amplified and causing interference in the 
receiver, it will be filtered out due to the low 
impedance of the i -f wave trap. 

The possibilities of r -f and a -f signals feed- 
ing from one stage in a receiver to another is 
very great, especially when the various stages 
are returned to a common bus, or connected 
through a common impedance. If nothing is 
done to prevent these signals from being fed 
back to other stages, then the varied results 
that might be obtained would certainly be dis- 
tasteful if not harmful. These signals, depend- 
ing upon how and to what stages they might be 
fed, can very easily cause regeneration and thus 
unwanted oscillations, or degeneration and dis- 
tortion in the output of the receiver, or else 
they might also cause different tones of whistles 
and hum. In order to prevent these occurrences, 
the unwanted signals must be filtered out and 
not be allowed to feed back to any point where 
they would result in any of these harmful 
effects. 

Olympic Model 6-501 W -V 

The B- return in an ac -dc set, such as in the 
Olympic Model 6-501 W -V, is a common return 
for many of the receiver components such as 

no. 7.-A series -res- 
onant circuit which is 
used to provide a low - 
impedance path from 
B- to ground for un- 
wanted signals. 

- 

22OK11 
12 TURNS *20 
INSULATED WIRE 
WOUND ON 
CAPACITOR 

bypass capacitors, the oscillator coil, and also 
the cathode and grid circuits of the tubes. In 
order to prevent any r.f. from getting into the 
audio stages, a low -impedance path from B- 
to chassis ground is provided for these un- 
wanted signals. 

Fig. 7 shows that the low -impedance path in 
this model from B- to ground is a series -re- 
sonant circuit consisting of a fixed .1-mf ca- 
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pacitor on which is wound 12 turns of #20 in- 
sulated wire. A 220,000 -ohm resistor shunts 
this resonant circuit, which is very broadly 
tuned, and therefore, any frequency above 
about 10,000 cycles will have a low -impedance 
path from the B- return to chassis ground 
and will not interfere with the audio output. 

Espey Model 581 

A common point of coupling between the 
grids of some of the tubes in a receiver is 
through the avc bus. Fig. 8 shows how the grids 
of the r -f amplifier, the converter, and the i -f 
amplifier are returned to the avc bus in the 
Espey Model 581. 

The avc voltage is used as bias for these 
tubes in order to vary their gain with the in- 
coming signal so that the receiver output will 
remain constant. The bias for these tubes 
should naturally be pure d.c., therefore, any 
r.f. or a.c. that might be picked up on the ave 
bus from one stage must be prevented from be- 
ing fed back to another stage. In order to ac- 
complish this, the grid circuits of V.1, V2, and 
V3 must be isolated or decoupled from one an- 
other with respect to radio and audio frequen- 
cies, therefore, an R -C filter, which is called a 
"decoupling network" in this case, was inserted 
in the ave path to each grid. The decoupling 
filter in the grid circuit of V1 is composed of 
the capacitor C2 and the resistor R3. C2 offers 
a very low impedance to any a.f. or r.f., whereas 
R3 will offer a very high impedance to these 
frequencies, but the action of C2 and R3 to d.c. 

T1 

R3 
3.3 MEG. 

v1 
R -F AMPL. 
1LN5 T4 

will be just the reverse thus allowing the d.c. to 
pass to the grids but filtering out the audio and 
radio frequencies. The decoupling networks of 
V2 and V3, consisting of C8, R4, and R8, C19, 
will also act in a similar manner. 

Coupling due to the common impedance of 
the B+supply voltage to the plates is another 
source of trouble. The audio frequency from 
the output might be fed back to a previous 
audio stage through the power supply in such a 
manner as to cause regeneration or degenera- 
tion. If regeneration occurs and is of sufficient 
strength, then oscillations might take place 
causing whistles or hum in the output and if de- 
generation occurs, then it is possible to have 
cancellation of hum but also loss of output. If 
a receiver is not designed specifically to have 
this feedback, then a filter must be used to 
eliminate it. 

Howard Model 901-A 

In the Howard Model 901-A, a decoupling 
filter consisting of a 47,000 -ohm resistor and a 
.05-mf capacitor is placed in the plate circuit of 
the 12SQ7, detector and first -audio tube, as 
shown in Fig. 9. This R -C network is being 
used in this model as a hum filter, preventing 
any audio from being fed back from the 50L6 
output tube through the B+ supply to the plate 
of the 12SQ7 and thus to the grid of the 50L6. 
The R -C hum filter can be considered as a volt- 
age divider for the audio frequencies and since 
the 47,000 -ohm resistor will offer a high im- 
pedance and the .05-mf capacitor a low im- 
pedance to these frequencies, then only a very 

V3 
I -F AMPL. 
1LN5 

V2 
CONVERTER 

1LC6 

T7 
.i}r -kft. 

R8 
3.3 MEG. 

FIG. 8.-Decoupling circuit used in the Espey Model 581 showing the grids of the r -f amplifier, the converter, and the i -f amplifier returned to the ave bus. 
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small part of the audio will appear across the 
low -impedance capacitor and thus it will short 
out the audio frequencies effectively. 

Another filter, the arrangement of which is 
very interesting, is also shown in Fig. 9. It is 

DIODE 
I.F. 

.41t' 

20K n 

VOLUME 
CONTROL 

500 Kfl 

B- 

12507 
2ND DETECTOR 
& 1ST AUDIO 

51MMF 

300 
MMF 

I B- 

ARM OF 
VOLUME 

CONTROL 

1300 MMF 

300 
MMF. 220K f1 

.01MF TO 
L - GRID I OF 

50L6 

.006 
MF 

.05 . 47Kn 

B- 8+ 

Fio. 9.-The decoupling i -f filter used in the Howard 
Model 901-A to filter hum; and the i -f rejection filter 
used in the diode second detector circuit. 

the i -f rejection filter in the diode, second -de- 
tector circuit. This filter is composed of the 
300-mmf capacitor, connected from the low 
side of the diode i. -f. transformer to ground, 
the 20,000 -ohm resistor in series with that por- 
tion of the volume control to the point where 
the arm is at any particular setting, and the 
300-mmf capacitor from the arm of the 500,000 - 
ohm volume control to ground. The interme- 
diate -frequency signal which is coupled into the 
diode i -f transformer, must be rectified by the 
diode so that only the modulation on the carrier 

signal, that is, the audio frequencies, will be 
coupled into the grid of the 12SQ7, audio am- 
plifier and any intermediate frequency that 
might appear at the diode load must be filtered 
out. The resistors in the i -f filter will offer a very 
high impedance to any i.f. in comparison to 
the low impedance offered by the 300-mmf ca- 
pacitors. This means that there will be only a 
negligible amount of i.f. across the 300-mmf 
capacitor to ground and since the grid of the 
audio section of the 12SQ7 obtains its input 
through the .006-mf coupling capacitor across 
the 300-mmf capacitor to ground, then the 
amount of i.f. that might find its way into the 
grid will be negligible. This same 300-mmf ca- 
pacitor, however, will offer a high impedance 
to audio frequencies, thereby developing a great 
amount of the audio across it, which is then 
coupled into the grid. 

It is more common to see a filter of this type 
having both capacitors in a fixed position ; that 
is, the capacitor which is now on the arm of 
the volume control, would be fixed at the j unc- 
tion of the volume control and the resistor in 
series with it. In the Howard model, the ca- 
pacitor would be in such a position only when 
the volume is on maximum ; then as the vol- 
ume is decreased, the resistance between the 
capacitors is increased. This means that the 
ratio of the capacitive reactance at the inter- 
mediate frequency, to the resistance will de- 
crease and so less of the i.f. will appear across 
the 300-mmf capacitor. Therefore, as the vol- 
ume is being decreased, better filtering action 
will be taking place. 
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RADIO -FREQUENCY COUPLING 

One of the fundamental functions in radio is 
the process of associating one circuit with an- 
other. This correlation is accomplished by 
"coupling," which is defined as a series of meth- 
ods of associating electric circuits, so that 
energy can be transferred from one circuit to 
another. Some of the more common coupling 
methods are transformer coupling, capacitive 
coupling, resistance -capacitance coupling, in- 
ductive coupling, and many others. 

By the above definition of coupling one can 
readily see the wide field such a topic can cover. 
The purpose of this section is to present an ex- 
planation of many of the different types of in- 
teresting coupling methods used in the radio 
receivers found in Rider's Manual Volume XV. 
The primary purpose is to show why a par- 
ticular coupling method is used and how the 
transfer of energy occurs. By the relative mer- 
its of each individual type of coupling, that will 
be discussed, it will be possible to compare one 
type of coupling with another. There are a 
wide variety of subjects that are related to the 
discussion of coupling circuits that will need to 
be studied in order to appreciate fully the par- 
ticular coupling under consideration. 

Let us consider coupling methods for a mo- 
ment. R -f transformer coupling, which is from 
the antenna input stage to the first r -f stagé in 
which the primary of the transformer is un - 
tuned and the secondary is tuned, r -f trans- 
former coupling that has both the primary and 
secondary tuned between two r -f stages, or 
single -tuned coupling between r -f stages as well 
as the simple R -C coupling usually found in 
many receivers, may be either series or parallel 
tuned. These are just a few of the many dif- 
ferent types of couplings which may be em- 
ployed in modern receiver design. Therefore, 
it will be quite necessary to study such related 
topics as series and parallel resonance, the Q or 
"figure of merit" of coils and tuned circuits, 
selectivity, mutual inductance, etc., before go- 
ing into the analysis coupling circuits in today's 
receivers. The circuits chosen from the multi- 
tude of radio -service data appearing in Rider's 
Manual Volume XV were selected for a number 
of various reasons, the primary reason, of 
course, being that they represent new and un - 

98 

usual coupling methods. Others were chosen 
because it was felt that the radio serviceman 
should be acquainted with the functions of cer- 
tain arrangements that have not been fully ex- 
plained to them in the past. 

Series Resonance 

A typical series -resonant circuit is shown in 
Fig. 1. The primary elements of this circuit 
that determine the resonant frequency are the 
inductance L and capacity C. The resistance 
R is also introduced because invariably it is 

FIG. 1.-A typical 
series -resonant circuit 
wherein the I has only 
a single path to follow. 

present in all circuits, specifically, it is the re- 
sistance of the inductance L (although in some 
instances a separate resistor is purposely in- 
serted) and because in the final analysis it plays 
an important role with respect to coupling ef- 
fects in the operation of resonant circuits. 
These three elements R, L, and C are connected 
in series and the series circuit is recognized by 
tracing the path of the current through the sys- 
tem. A circuit is said to be a series circuit if the 
current I is equal in all parts of the circuit, and 
if but a single path is offered to the flow of cur- 
rent, which is the case in Fig. 1, in which a 
generator E is assumed to be the source of the . 

voltage applied to the circuit. 
The variation of inductive reactance with fre- 

quency is shown in Fig. 2 and the way capaci- 
tive reactance varies with frequency is shown in 
Fig. 3. Thinking in terms of polarity and/or 
phase relationships of either reactance, it can 
then be stated, as seen from Figs. 2 and 3, that 
as the frequency increases, the inductive re- 
actance increases linearly in a positive direc- 
tion and also that as the frequency increases, 
the capacitive reactance decreases-but de- 
creases from a negative maximum and not 
linearly. 

Now let us once more examine the series cir- 
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cuit of Fig. 1. Let us suppose that the fre- 
quency of the applied vóltage from the genera- 
tor is increased starting from a zero frequency. 
What happens in this circuit? When the fre- 
quency is very low, there will be little or no 

2.-The straight 
graph shows that when 
the frequency of the 
current flowing through 
an inductance increases, 
the inductive reactance 
increases. Inductive re- 
actance usually is con- 
sidered as being posi- 
tive and so is shown 
above the zero axis. 

current flowing through the circuit; although 
the reactance of the coil is very small, the re- 
actance of the capacitor at these low frequen- 
cies is very great. Now if the frequency is in- 
creased, the inductive reactance will increase 
from its low value and the capacitive reactance 
will decrease from its high value. This is in ac- 
cordance with Fig. 2, wherein it is shown that 
the inductive reactance increases in a positive 
direction and in Fig. 3 that the capacitive re- 
actance decreases numerically but always re- 
mains negative regardless of the frequency. 

If one reactance is increasing and the other 
reactance is decreasing as the frequency is be- 
ing increased, a point 'will be reached when the 
frequency will be such that the inductive re- 
actance of the coil will exactly equal the capaci- 
tive reactance of the capacitor. Now, since the 
inductive reactance is positive and the capaci- 
tive reactance is negative, the two will tend to 
neutralize or oppose each other. Since the two 
reactances are equal and of opposite sign, in 
effect, they cancel each other and the net re- 
actance becomes zero. This condition is termed 
the "resonant frequency" of L and C and it can 
be stated that the resonant frequency of a series 
circuit is that frequency at which the com- 
bined reactance of L and C in the circuit is zero. 

No doubt it has been noted that in all of the 
considerations concerning inductive reactance 
and capacitive reactance, reference to the re- 
sistor R has been omitted. This is intentional 
since this unit, even if it represents the re- 
sistance of the coil, plays no part in the re- 
actance phenomenon. In other words, it has a 
negligible effect in determining the resonant 
frequency of the series circuit. With zero re- 
actance, (at resonance) the current -limiting 
agent is the resistance of the circuit and/or the 

resistance of the generator. It is the presence 
of some resistance in the circuit which pre- 
vents infinite current at resonance. The im- 
pedance, or the opposition to the flow of alter- 
nating current, of the series circuit at resonance 
is its resistance. In other words, at resonance 
the current in the series circuit is determined 
by the total series resistance R in the circuit 
and E, the impressed voltage. Expressed ma- 
thematically, the current I in the series circuit 
at resonance is: 

I = E/R 
Off resonance, the total impedance in the circuit 
comprises both the resistive and reactive ele- 
ments. If the resistance of the circuit is small 
compared to the inductive and capacitive re- 
actance, the voltages across the reactances will 
exceed the impressed voltage greatly. The volt- 
ages appearing across the reactive elements of 
the circuit are distinguished from the impressed 
voltage by calling them reactive i^ltages. For 
instance, if the impressed voltage across a ser- 
ies -resonant circuit is 1 volt and the series re- 
sistance of the circuit at the resonant frequency 
is 10 ohms, then the total amount of current 
flowing in the circuit at resonance will be 100 
ma from I = E/R. If the reactance of the in- 
ductance and capacitance is equal to 500 ohms 

Fio. 3.-The curve 
below the zero axis 
shows that when the 
frequency of the current 
flowing through a ca- 
pacitor increases, the 
capacitive reactance de- 
creases. This curve is 
shown below the zero 
axis because capacitive 
reactance always is 
considered to be nega- 
tive. 

FREQUENCY 

each at resonance, then the reactive voltage 
drop across either L or C will be the current 
flowing in the circuit (100 ma or 0.1 ampere) 
multiplied by the reactance of the unit across 
which this reactive voltage is measured. Con- 
sequently, the reactive voltage drop will be 500 
ohms X 0.1 or 50 volts. 

The resonant frequency of this circuit is de- 
termined from the relation that at resonance, 
the inductive reactance equals the capacitive re- 
actance. And since the inductive reactance is 
equal to 2irf J. and the capacitive reactance is 

1 
equal to , then : 

2nf rC 
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27r f ,L = 
2rf,C 

(2rfrL) X (27rf,C) = 1 

(27rf r) 4LC = 1 

1 

fr = 
27rVLC 

1 

where f, equals the frequency at resonance and 
r a numerical value equal to 3.14. 

What happens if the frequency is increased 
beyond the resonant frequency? Referring once 
more to Figs. 2 and 3, it can be seen that the 
reactance of the coil will increase, whereas the 
reactance of the capacitance will decrease. Be- 
cause of this variation, the balance which ex- 
isted between the two reactances at resonance 
is destroyed. 

At resonance, the total impedance of the cir- 
cuit is a minimum and is equal to the resistance 
in the circuit. At frequencies above and below 
resonance, the reactive elements have to be 
taken into account in obtaining the total im- 
pedance and this total impedance, above or be- 
low resonance, therefore increases. It should 
be remembered, however, that the impedance of 
the circuit, off resonance, is not just a pure ad- 
dition of the resistance of R and the reactance 
of the other elements, but the addition of the 
components is accomplished vectorially. The 
analysis of this type of vectorial addition is too 
complex to be considered here and also would 
require too much detailed work. 

The curve of how the impedance in a series - 
resonant circuit varies with frequency is illus- 
trated in Fig. 4A, and the curve of how the 
current in the same circuit varies with fre- 
quency is shown in Fig. 4B. From these curves 
it can be concluded that at resonance, in a 
series -tuned circuit, the current is at a maxi- 
mum and the impedance a minimum; also it 

y4 

2 

ó 

FRCpFNCY - 
R!lONANT 
/REQENGY. 

FREQLNCY 

Fics. 4A, left, and 4B.-The left graph shows that 
the impedance is a minimum at the resonant frequency 
for a series circuit and the graph on the right shows 
that the current is a maximum at the resonant fre- 
quency. 

will be noted that when the current is a mini- 
mum the impedance is a maximum. The reason 
why the current does not become infinite at 
resonance is because the circuit impedance is 
never zero, due to the resistance of the coil. 
Fig. 4B is said to be a "resonance" curve for 
a series -resonant circuit. 

Parallel Resonance 

In addition to series resonance, there is an- 
other type of resonant circuit which appears in 
practically all radio circuits. This is the paral- 
lel -tuned circuit and resonance in such a circuit 
is termed parallel resonance. As in the case of 
the series -resonant circuit, the resonant fre- 
quency of a parallel circuit is reached when 
the reactance of the coil is equal to the re- 
actance of the capacitor. 

An example of a parallel -resonant circuit is 
illustrated in Fig. 5. The reason why the re- 

Fic. 5.-A typical 
parallel -resonant circuit 
wherein the line cur- 
rent can follow two 
paths, instead of one 
path as in the circuit 
of Fig. 1. The lower 
reactance in the paral- 
lel circuit influences the 
current flow. 

sistance is shown in the inductive branch and 
not in the capacitive branch is because as far, as 
resistance is concerned, the coil is the unit that 
contains the greatest amount of resistance, 
whereas the capacitor has a negligible amount 
of resistance. The distinction between a series 
and a parallel tuned circuit is in the manner in 
which the current flows through the circuits. 
We have stated that a series circuit is one in 
which there is but one path for the current. In 
a parallel circuit, however, there is more than 
one path for the current. In Fig. 5 will be 
noted a separate capacitive branch and a sep- 
arate inductive branch. The presence of R in 
the inductive branch will receive additional 
mention later. 

Let us consider for a moment each of these 
branches separately with respect to the fre- 
quency of the applied voltage. At very low fre- 
quencies, the reactance of the capacitor branch 
is high (refer to Fig. 3) so very little current 
flows in that circuit. However, at the low fre- 
quencies the inductive reactance of L is low and, 
consequently, the inductive branch carries the 
major portion of the current. At very high fre- 

LINE CURRENT 
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quencies, the reactance of the inductive branch 
is very high, (refer to Fig. 2) so very little 
current flows through that branch ; however, at 
such high frequencies the reactance of the ca- 
pacitive branch is very low, so that the major 
portion of current flows through the branch. As 
in the case of the series -resonant circuit, at 
some frequency in between these two extremes, 
the impedances of the capacitive branch and 
the inductive branch are the same. This is 
termed the "resonant frequency" of the parallel 
circuit. 

In the series circuit, it was shown that the 
limitation of current was due to the higher of 
the two reactances. Whether the capacitive re- 
actance or the inductive reactance was high, as 
a result of the frequency of the applied voltage, 
the current through the circuit was small. In 
the parallel -resonance circuit, we find a differ- 
ent condition. In this circuit the dominating 
influence, with respect to current flow, is the 
lower reactance. If the frequency is such that 
the capacitive reactance is high and the induc- 
tive reactance is low, the total impedance of the 
circuit is low, because a low reactance shunts 
the high reactance. If, on the other hand, the 
frequency is high, so that the inductive re- 
actance is high, but the capacitive reactance is 
low, the net impedance is still low for the same 
reason as given above. At resonance, however, 
the capacitive reactance and the inductive re- 
actance are of like order and the total imped- 
ance is a maximum. 

Equal current flows through the two 
branches, but the current through the coil is at 
every moment opposite in phase to the current 
through the capacitor. This is so because the 
current through the coil lags behind the voltage 
across it, whereas the current through the ca- 
pacitor leads the voltage across it. The sum 
result is that the total line current through the 
circuit is very small, consequently, the imped- 
ance of the circuit at resonance is a maximum. 
In a parallel -resonant circuit, when the re- 
sistance in the circuit is small compared to the 
reactance of L and C, the resonant frequency is 
given by the same formula as in the series - 

resonant case where f r = 
1 

2ir V LC 

The reference to the minimum current 
through the parallel circuit should not be con- 
fused with the fact that at resonance there is 

very large circulating current in the tuned cir- 
cuit itself-that is, flowing around L and C, as 
indicated in Fig. 5. In fact, this circulating cur- 
rent i in the tuned circuit may be many times 
larger than the line current I flowing through 
the tuned circuit. This large circulating cur- 
rent, which is present only at resonance, is due 
to the energy surging back and forth from the 
capacitor to the coil. Furthermore, because the 
capacitive reactance balances or offsets the in- 
ductive reactance, the net reactance in the 
tuned circuit is zero. Consequently, the tuned 
circuit behaves as a pure resistance and may be 
considered as such when computed in radio cir- 
cuits. The smaller the resistance R of the tuned 
circuit, the greater will be the circulating cur- 
rent in the tuned circuit at resonance and the 
greater is the operating efficiency. At reson- 
ance, however, the pure resistive network that 
the parallel circuit offers is not equal to just the 
resistance of the circuit but to a rather more 
complicated expression. At resonance, the par- 
allel circuit offers an impedance that is purely 
resistive in nature and equal to (XL)2 where X,, 

R 
is equal to the inductive reactance of the circuit. 

It might be well to elaborate upon the rela- 
tion between the circulating current in the 
tuned circuit and the line current through the 
tuned circuit. During the state of resonance, 
the function of the line current is to be just 
great enough to supply the circuit losses. In 
view of the low resistance of the tuned circuit, 
the energy losses therein are small, therefore, 
the line current is small. The higher the losses 
in the tuned circuit, the higher is the line cur- 
rent with respect to the circulating current. 

The manner in which the impedance of a 
parallel circuit varies with frequency as res- 
onance is approached and passed, is shown in 
Fig. 6. Compare Fig. 6 with Fig. 4A. Note that 

Fia. 6.-The imped- 
ance of a parallel -res- 
onant circuit is a maxi- 
mum at the resonant 
frequency, which is op- 
posite to the condition 
for a series -resonant 
circuit shown in Fig. 
4A. 

1 

RESONANT 
FREQUENCY 

FREQUENCY 

at resonance, the impedance of the series cir- 
cuit is a minimum, whereas in the parallel cir- 
cuit, it is a maximum. 
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Impedance Z 

Line Current 1 

Relation between inductive 
and capacitive reactance 

Voltage across C 

Voltage across L 

Comparative voltages across 
C and L 

At this point it will be well to 
differences between parallel- and 
ant circuits as explained above ; t 
in Table 1. 
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TABLE 1 

Series -Resonant Circuit 

Minimum 

Maximum 

Inductive reactance equals the 
capacitive reactance 

Maximum due to maximum 
line current 

Maximum due to maximum 
line current 

Equal and a maximum due to 
equality of reactances and 
same current flowing through 
each 

tabulate the 
series-reson- 
his is shown 

"Q" or Figure of Merit 

Since coils and tuned circuits are used to such 
a great extent in radio, a fundamental expres- 
sion and/or letter to represent the quality or 
figure of merit that a coil or circuit possesses, 
has been chosen, the letter "Q" having been 
chosen for this expression. The best means of 
expressing the quality that a coil or circuit pos- 
sesses is the ratio between the inductive re- 
actance and the total effective series resistance. 
Sometimes a difference is made between Q's 
representing coils and those representing cir- 
cuits by special reference to the coil Q or the 
circuit Q. When the Q of a coil or circuit is 
high, it is said to have good quality and in 
many cases such high Q coils and circuits are 
desired for good selectivity. More will be said 
about selectivity later on. 

At radio frequencies, the resistance of a coil 
increases with frequency (that is why refer- 
ence is made to a -c resistance as distinguished 
from d -c resistance) due to special factors 
known as skin effect, proximity effect, dielectric 
losses, and eddy currents. Also with an in - 

Parallel -Resonant Circuit 

Maximum 

Minimum 

Inductive reactance equals the 
capacitive reactance 

Maximum due to maximum 
circulating current in parallel 
branch 

Maximum due to maximum 
circulating current in parallel 
branch 

Equal and a maximum due to 
equality of reactances and 
same circulating branch cur- 
rent 

crease in frequency, the reactance of a coil in- 
creases so that within a limited range of fre- 
quencies the Q of a coil or a circuit may remain 
substantially constant. 

There are some fundamental relations about 
the voltage and current in series- and parallel - 
resonant circuits that are best expressed in 
terms of the circuit Q's. For instance in a 
series -resonant circuit, the voltage across 
either the L or C experiences a resonant rise 
in voltage which is equal to the Q of the circuit 
multiplied by the impressed voltage. Similarly, 
in a parallel -resonant circuit, the current flow- 
ing through either the coil or capacitor ex- 
periences a resonant rise in current which is 
equal to the Q of the circuit multiplied by the 
line current. 

When the Q of a circuit is low, the selec- 
tivity or ability of the tuned circuit to pass a 
small given band of frequencies decreases and 
some undesired frequencies will also be passed. 
When the Q of a circuit is high, the selectivity 
of the circuit is said to be very sharp and the 
tuned circuit accepts only the desired fre- 
quencies. From the above analysis of what Q 
is and how often it is used to represent certain 
characteristics of coils and tuned circuits, it 
readily becomes evident how important this 
feature is. 
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SELECTIVITY CHARACTERISTICS 

Effect of Resistance on a Series -Tuned Circuit 

Due to the relation between the inductive 
reactance and the capacitive reactance in a 
series -tuned circuit, there is no net reactance 
at resonance ; also, the current at resonance is 
limited solely by the resistance of the circuit. 
The greater the resistance, the lower will be 
the current. The variation of current at reson- 
ance in a series circuit for constant voltage 
input and for varying values of resistance is 
shown in Fig. 7. This curve is the equivalent 
of a resonance curve for such a series -resonant 
circuit with various values of resistance. 

In referring to the resistance R, it is not 
necessary that this be an external resistor or 
an individual resistor, but that this symbol 
may represent the resistance of the coil, or, it 
may represent a poor contact in the circuit or 
the electrical connections in the system. The 
three values of resistance shown are arbitrary, 
selected to illustrate the effect of resistance 
in the circuit. Since every circuit has a definite 
amount of inherent resistance, so that a specific 
finite curve exists, it then becomes necessary, 
in order that the maximum current be obtained 
at resonance, to make the circuit structure 
such that it possesses the minimum amount of 
resistance. This is a matter of design. 

Now-in addition to the fact that the cur- 
rent at resonance is decreased as the resistance 
is increased-a close examination of the curves 
shows that another significant fact is developed 
as the resistance is increased. If this current 
curve is representative of the ability of the 
circuit to discriminate between frequencies 
both sides of the resonant frequency, then it 
is evident that as the resistance is increased, 
not only does the current decrease, but the 
ability to discriminate between frequencies 
likewise is impaired. This reference to dis- 
crimination between frequencies, sometimes 
termed "selectivity" deserves lengthier com- 
ment. The ability of a circuit to discriminate 
between frequencies both sides of resonance 
depends primarily upon the ratio between the 
current in the circuit at resonance and the cur- 
rent in the circuit at some frequency either 
side of resonance. 

For example, referring to curve No. 1 of 
Fig. 7, if we set an arbitrary value of 1000 kc 

as being the resonant frequency, and if we 
say that the current in the circuit is 10 units 
at resonance, the characteristic of that circuit, 
at whatever value of resistance is present, is 
such that at 10 kc off resonance, the current 
in the system is reduced to 6 units. In other 
words, if the circuit is resonated to 1000 kc, 
and some other signal of 990 kc enters the cir- 
cuit, the current at this frequency is only 6 

units. The same is true if another signal of 
1010 kc enters the circuit when the circuit is 
resonated to 1000 kc. The greater the current 
at the resonant frequency, with respect to the 
current in the circuit at some frequency off 
resonance, the more readily does the circuit dis- 
criminate between the two frequencies, namely, 
the resonant frequency and the off -resonance 
frequency. Referring to curve No. 2 of Fig. 7, 

representative of the same circuit but with a 
larger value of resistance, it will be seen. that 
the circuit is still resonant to 1000 kc, but now 
the current at resonance is only 8 units, and 
at 10 kc off resonance the current is still 6 

units. This means that the circuit will not dis- 
criminate as readily between the 990-kc and 
the 1000-kc signals. 

Referring to curve No. 3 of Fig. 7, which is 
representative of a still greater value of re- 
sistance present in the resonant circuit, the 
circuit is still resonant to 1000 kc, but the curve 
is much flatter ; it is no longer as steep as the 
curve developed with lower values of resistance. 
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Flo. 7.-The three curves show how the current 
varies at resonance in a series circuit, when the resis- 
tance is changed in a circuit such as that shown above. 
The greatest current flow is obtained when the resis- 
tance is a minimum. 

If the current at resonance is checked, it will 
be found that it is 5 units, and at 10 kc off 
resonance, it is approximately 4-3/4 units. The 
off -resonance signal develops approximately as 
much current in the system as the resonant 
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signal. Such a circuit would not discriminate 
between the two frequencies, and if such a con- 
dition is interpreted in actual practice, it means 
that the off -resonance signal would interfere 
with the resonant -frequency signal. What has 
been said in connection with the off -resonance 
signal at 10 kc below the resonant frequency, 
is likewise true if the interfering signal or the 
off -resonance signal is 10 kc above the resonant 
frequency. 

The ability of a circuit to discriminate be- 
tween frequencies is the ability of that circuit 
to select signals and is a measure of the selec- 
tivity of the circuit. The flatness of the high - 
resistance curve 3 implies directly that the cir- 
cuit will not be able to respond differently to 
different frequencies and hence implies that the 
selectivity of the circuit is poor. Accordingly, 
it can be seen that the greater the resistance 
of the circuit, the less its selectivity power. 
Interpreting this entire situation into practice, 
it would mean that interference would exist 
and that the amplitude of the signal (height 
of curve) at the resonant frequency would be 
comparatively low. 

Effect of Resistance on a Parallel Tuned Circuit 

It is somewhat more difficult to understand 
the effect of resistance on the characteristics of 
the parallel tuned circuit without going into 
mathematical computation at the moment. 
However, if the explanation of a tank circuit 
given in the section on "Oscillators" is studied, 
it can be understood how, at resonance; the 
electrons surge back and forth from the coil 
to the capacitor. With a minimum amount of 
resistance in the circuit, this energy transfer 
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Fco. 8.-When the resistance in a parallel -resonant 
circuit is a minimum, the impedance is a maximum at 
the resonant frequency of the circuit, shown above. 
Notice how the resonance curves flatten as the resis- 
tance is increased. 

"HOW IT WORKS" 

can take place with maximum amplitude at the 
resonant frequency. Consequently, the circulat- 
ing current in the tuned circuits is high. 
Adding resistance to the tuned circuit, such as 
adding it in series with the inductive branch, 
does two things : it reduces the amount of cur- 
rent circulating between the coil and the capac- 
itor, in other words, it damps the circuit; and 
it reduces the selectivity. 

In accordance with what has been said be- 
fore concerning the function of the line cur- 
rent, loss is introduced as a result of the re- 
sistance and tends, in effect, to reduce the 
impedance of the parallel -resonant circuit. With 
a reduction in the impedance of the circuit, the 
voltage developed across the circuit is reduced. 
Because of the damping of the circuit, the 
change in impedance both sides of the resonant 
frequencies is not as great as when minimum 
resistance exists in the circuit. This means 
that the selectivity powers of the circuit are 
impaired as the resistance of the circuit is in- 
creased, or, if it is said that such resistance 
represents losses-as the losses in the circuit 
are increased. Fig. 8 illustrates the variation 
in impedance of a parallel circuit at three val- 
ues of resistance over a band of frequencies. 

The low -resistance curve No. 1, Fig. 8, repre- 
sents what would be the equivalent of a mini- 
mum, normal amount of resistance in such a 
circuit. Note the sharpness of the resonance 
curve, which is similar to the curve No. 1 in 
Fig. 7. In this curve the discriminating powers 
of the circuit are illustrated by noting the 
change in impedance as the frequency of the 
applied voltage is made lower and higher than 
the resonant frequency. In actual function, 
Figs. 7 and 8 are similar. Both are selectivity 
curves, but in Fig. 7 the resonance curve is 
established on the basis of current change in the 
circuit, whereas in Fig. 8 the resonance curve 
is developed as a result of the change in 
impedance. 

Examining curve No. 1 in Fig. 8, it will be 
noted that the impedance at resonance is 
100,000 ohms and at 990 kc, which is 10 kc 
below resonance, the impedance is approxi- 
mately 60,000 ohms. Examining curve No. 2 
in Fig. 8, which is for a higher value of re- 
sistance, the impedance at resonance is ap- 
proximately 80,000 ohms, and at 990 kc, the 
impedance is approximately 60,000 ohms. Ob- 
viously, the change in impedance as the fre- 
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quency is changed by 10 kc, is not as great as 
previously, and if the 990-kc voltage is that of 
an interfering signal, the selectivity powers 
of the circuit would not be great enough to 
choose between the two signals. Note also that 
the slope of the curve is not as steep, and that 
the peak of the resonance curve is much 
broader than the curve No. 1, indicative of the 
lower value of resistance. Curve No. 3 of Fig. 
8 is for a still greater value of resistance. Note 
that the top of the curve is much less sharp. 
At resonance, the impedance is approximately 
50,000 ohms, and at 990 kc, the impedance is 
approximately 48,000 ohms-practically no 
variation in impedance over this 10-kc band. 
Obviously, the selectivity of such a circuit over 
this 10-kc band is substantially nil. What has 
been said concerning the 10-kc change below 
the resonant frequency naturally is applicable 
to 10 kc above the resonant frequency. 

In accordance with the explanations that 
have been given in connection with Figs. 7 and 
8, it is evident that resistance in either series - 
or parallel -resonant circuits can be very harm- 
ful and should be kept at that minimum dictated 
by requirements. At the same time, it should 
be mentioned that under certain conditions, a 
small value of resistance must be inserted into 
a circuit, in order to increase the width of the 
response curve. Such is the case in high-fidelity 
systems in some of our modern receivers. 

The series resistance in a series- or parallel - 
resonant circuit has been discussed. It is 
equally important to keep the shunt resistance 
across a tuned circuit as low as possible. Ef- 
fectively, a resistance shunted across a tuned 
circuit is equivalent to a resistance in series 
with the coil. Shunt resistance will interfere 
with the selectivity characteristics just as 
readily as series resistance, but sometimes a 
shunt resistance is desirable in the case of 
transformer coupling. This resistance often is 

inserted in a parallel -tuned circuit to broaden 
the response curve of the tuned circuit so that 
the discrimination between frequencies is not 
so great and a wider band of frequencies will 
be passed. 

Self Inductance and Mutual Inductance 

Even though there is no direct electrical 
means of connection between circuits to be 
transformer coupled, there is an invisible 

means of transferring the desired energy from 
one circuit to another. In "transformer action" 
this invisible means of transferring the energy 
is found and it is due to a property known as 
the "mutual inductance" of a transformer. At 
first it will be better to understand how a coil 
alone acts toward an alternating voltage and 
then the realization of mutual inductance will 
be understood more easily. 

When an alternating voltage is applied across 
a coil, an alternating current flows through it. 
This flowing current varies between a minimum 
and a maximum and changes its polarity in 
direct accordance with the rise and fall and 
changes in polarity of the impressed alternat- 
ing voltage. In other words, when the alter- 
nating voltage is at any one instant a positive 
maximum or a negative maximum, the alter- 
nating current is at that instant zero; and 
when the alternating current is at any one in- 
stant a positive maximum or a negative maxi- 
mum, the impressed alternating voltage is 

passing through a zero point. Now, as this 
current intensity continually changes and re- 
verses in direction, a changing magnetic field 

is. set up around the turns of the coil itself 
which in turn is varying continually. 

This magnetic field sets up varying magnetic 
lines of force (called "flux") which cut the 
turns of the coil. This varying magnetic force 
induces into the coil a voltage (known as a 
"counter or back electromotive force") , which 
in turn produces an alternating current that 
opposes (is in opposite phase) the original 
alternating current. Therefore, it is seen that 
as the original alternating current continues 
to increase, there is likewise an increasing 
magnetic force which cuts the turns of the 
coil. This magnetic force produces an increas- 
ing opposing current to the original current 
in the coil. Actually, a phenomenon, where an 

IMPRESSED 
ALTERNATING 

VOLTAGE 

MAGNETIC 
LINES OF 
FLUX LINK- 
ING THE 
TURNS OF 
THE COIL 

FIG. 9.-When an alternating current flows in a ccil, 
magnetic lines of flux are produced about the coil, which 
interlink with the turns. 
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increase in the original current flowing through 
the coil causes an increase in the introduction of 
an opposing current, which tends to retard 
the increase of the original current, exists. 
When an alternating current passes through a 
coil as shown in Fig. 9, a magnetic flux is pro- 
duced that encircles the coil and likewise the 
current passing through the coil. There ìs a 
relationship between these lines of flux and 
the amount of current flowing through this 
coil that gives the coil the property of in- 
ductance (sometimes known as the "coefficient 
of self inductance" of the coil) . The unit of 
measurement of inductance, L, is the henry. 

The relationship between the inductance of 
the coil, the amount of flux linkage produced, 
and the current producing it is given by the 
following mathematical expression : 

Inductance = Amount of flux linkage 
X 10-8 Current producing flux 

expressed in henrys 

where the current is measured in amperes. 
Therefore, from the above relation, inductance 
can be defined as the amount of flux linkage 
per ampere of current producing the flux. 

Now if another coil were put close to the one 
shown in Fig. 9, it can be seen from Fig. 10 
that the flux lines from coil Lp are linked 
through L,. These two coils with self induc- 
tances L8 and L,, are said to be coupled in- 
ductively. A mutual inductance, M, therefore, 
exists between them. That is to say, the flux 
lines from coil Lp induce a voltage into coil L, 
(sometimes known as the "induced electro- 
motive force," abbreviated e.m.f.) and the 
amount of voltage induced is dependent upon 
the number of lines of flux from coil LP en- 
circling coil L,. In effect then, when mutual 
inductance is said to exist between two coupled 

INPUT 
ALTERNATING 

VOLTAGE 
Ep 

10.-When an alternating current flows in the primary coil of a transformer, the magnetic lines of 
flux interlink with the turns of the secondary coil, which 
is coupled to the primary. This interlinkage of flux 
induces in the secondary coil a voltage, the magnitude 
of which depends on the ratio of the number of turns 
in the two windings and the closeness of coupling be- 
tween both coils. 

"HOW IT WORKS" 

inductances, it actually means that there is a 
magnetic field common to both inductances. 
From the above brief analysis it is readily seen 
how there is an energy transfer from one cir- 
cuit to another without any direct electrical 
means of connection between these circuits. 

Similar to self-induction, the unit of meas- 
urement of mutual inductance is the henry. 
Mutual inductance, symbol M, can also be de- 
fined as a ratio between flux linkage and cur- 
rent flowing. Mathematically it is : 

Flux linkages in second coil produced 
by current in first coil 

M = X 10-8 current in first coil 

or 

Flux linkages in first coil produced 
by ci¢rrent in second coil M 

current in second coil X 10-8 

where the current is expressed in amperes. 
Therefore, mutual inductance is defined as the 
amount of flux linkage with one coil per ampere 
of current flowing in the other coil. A very 
important thing to remember is that the sign 
of mutual inductance (positive or negative) 
depends on the relation of mutual flux to self 
flux and the assumed positive directions of 
voltage and current. 

The above mathematical relations for mutual 
inductance M are not easy to handle from the 
standpoint of simple mathematical computa- 
tions because they involve breaking down the 
flux linkages into their components, and delv- 
ing into the theory and explanations of flux 
and lines of flux, so mutual inductance is 
mathematically defined in another way. If the 
wave shape of the current flowing in the first 
circuit or primary circuit is sinusoidal (i.e., 
like a sine wave), then the voltage induced in 
the second circuit due to the current in the 
primary circuit is equal to the mutual reactance 
multiplied by the current flowing in the first 
or primary circuit. That is: 

E, _ -27rf M ID, and rearranging we have 
I 

27r f M= 
E, 

Here 2ir f M is a new quantity called the 
"mutual reactance" of the circuit and it is seen 
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to be a negative ratio. If the circuit of Fig. 
10 were applied to this equation it would 
hold true, that is according to the directions of 

current chosen. In this instance, E8 is the in- 

duced voltage appearing across the open 

terminals of the secondary circuit, 4 the cur- 
rent flowing in the primary circuit, and 27r f is 

an expression of frequency relative to the rate 
of change of the primary current, where f is 

equal to the frequency in cycles per second. 

The main reason for giving the negative sign 
to the equation has as its basic foundation a 

fùndamental law of electricity-namely Lenz's 
Law. Applying Lenz's Law to the problem here, 

it can be stated that an induced current (or 
induced voltage which sets the current flowing) 

due to magnetic lines of force from one coil 

linking the other, is always in such a direction 
as to oppose the magnetic field change that is 

producing it. That is the reason why induced 

voltages are sometimes referred to as "back 
electromotive forces" (B.E.M.F.) or "counter 
electromotive forces" (C.E.M.F.) 

Inductors, like resistors, follow the same 

mathematical laws when connected in series 
and parallel. 

For a series circuit 

the inductance of any 
and all other coils 

L total - L1 + L2 + Ls +used in series con- 
nection 

For a parallel circuit 

1 

L total 

1 1 1 the reciprocal of any 
and all other separate - -+-+-+coils used in the par- 

_, L2 L, allel connection. 

There must be no coupling effect between these 
inductors connected in series or parallel. If 
there is some degree of coupling, between two 
inductors L, and L, connected in series, as 
shown in Figs. 11A and 11B, mutual induc- 
tance exists between them and the total in- 
ductance in series for this circuit will be 

L total 

+2M if the coils are con- 
nected in series aiding 

- L, L2 ± 2M and -2M if they are 
connected in series op- 
posing. (See Figs. 11A 
and B.) 

Reflected Impedance 

To understand fully the different types of 

transformer coupling, certain fundamental 
properties related to such coupling arrange- 
ments should be understood ; especially since 
transformer coupling is used to a great extent 
in r -f and i -f circuits. There are certain im- 

pedance relations concerning this type of coup- 
ling that are considered the underlying char- 
acteristics upon which the selection of these 
transformers are based. One of the most im- 

portant properties of transformer coupling that 
}s often misunderstood and rarely discussed 
is the topic of "reflected impedances". 

Assume that an r -f transformer in operation 
in some particular circuit is being studied. 
Looking into the primary of this transformer, 
what impedance would be seen? Would it be 

just the impedance of the primary circuit com- 

ponents alone or some other impedance? If 
some impedance other than that of the primary 
circuit alone, then exactly what would it be? 
These are the type of questions one should ask 
himself if he wants to understand how such 
factors as the closeness of coupling, mutual in- 

ductance, and resonance affect the selectivity 
of the r -f transformer under consideration. 
Due to the existence of a mutual inductance 
between the primary and secondary of the r -f 
transformer there is reflected into the primary 
circuit (looking into the r -f transformer 
through the primary terminals) a certain 
amount of impedance. This reflected impedance 
is added to the rest of the impedance of the 
primary circuit to give a total effective pri- 
mary impedance that is different from the im- 

pedance of the primary when considered alone. 

The amount of reflected impedance can be 

actually calculated and for the case under con- 

sideration, it is equal to the ratio of the mutual 

LT 1-1-1-L2+ 2m LT=Li+L2-2M 
SERIES AIDING SERIES OPPOSING 

nos. 11A, left, and 11B.-The total inductance of two 
coils connected in series aiding, shown on the left, is 
greater than when they are connected in series opposing. 
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reactance squared to the total series impedance 
of the secondary circuit. Mathematically the 
reflected impedance, sometimes called the 
"coupled impedance", is given by the following 
relation : 

Reflected Impedance = (27TfM)2 

Z8 

where Z, is equal to the series impedance of 
the secondary circuit alone. In other words, 
the secondary current, caused by the voltage 
induced into the secondary circuit, flows 
through all the secondary circuit components 
in a series path. 

The total primary impedance of the r -f trans- 
former under consideration is then equal to 
the effective series impedance of the primary 
circuit, considered alone, plus the reflected im- 
pedance of the secondary into the primary. It 
can also be shown that when looking into the 
r -f transformer from the secondary side, the 
primary circuit likewise reflects an impedance 
into the secondary circuit. Consequently, the 
total secondary impedance, when looking into 
the secondary terminals, is equal to the effec- 
tive series impedance of the secondary circuit 
plus the reflected impedance of the primary 
circuit. 

RESISTANCE-CAPACITANCE COUPLING 

Perhaps the most important type of coup- 
ling where there is a direct physical connection 
between both circuits to be coupled is "re- 
sistance -capacitance" coupling. Between trans- 
former coupling and resistance -capacitance 
coupling, the field of coupling is estimated to 
be over ninety percent covered; all other types 
of couplings are modifications of the above or 
are complex couplings involving each type 
separately or both types together. "Resistance - 
Capacitance" coupling (usually abbreviated as 
"R -C coupling") is sometimes referred to as 
just "resistance" coupling. 

In R -C coupling, three important circuit 
elements must be taken into account. In Fig. 
12A is shown a typical circuit of a resistance - 
capacitance coupled amplifier in which the three 
important elements are the plate load resis- 
tance Rb, the coupling capacitor, Cb (sometimes 
known as a "blocking" capacitor, as will be 
seen later), and the grid -leak resistance Re. 
The reasons and uses for each of these will be 

taken up separately to explain how each oper- 
ates individually and how necessary it is to have 
them all operating in unison. 

Assuming the capacitor CI, is the only ele- 
ment connected in the circuit, as shown in 
Fig. 12B, and that the proper potentials are 
applied, then plate current will flow. This 
plate current means a stream of electrons flows 
from tube V, in the direction of the arrows 
shown in Fig. 12B and it will break up into 
different paths, some going to the positive side 
of the B supply and the others impinging against 
the left-hand plate of the capacitor Cb. The 
electrons accumulating on the capacitor plate, 
place a negative charge on this plate and there- 
by cause electrons to be driven away from the 
right-hand side of the capacitor to neutralize 
the potentials across Cb. Since the right-hand 
side of the capacitor was originally neutral and 
a negative charge is removed from this neutral 
side, then a positive charge must remain. These 
electrons flowing from the capacitor to tube V,, 
accumulate on the grid of. V,. If the original 
plate current of tube V, is fluctuating due to 
the alternating input signal E,, then the elec- 
tron stream flowing to tube V, will likewise be 
fluctuating and this will in turn cause a pul- 
sating or fluctuating current to flow in 
tube V,,. 

So far the operation of a straight -forward 
system of capacitor coupling alone has been 
considered. The main disadvantage of using Cb 
alone is that very little or no signal current will 
flow through it, most of the current going to 
the B supply. Considering the electron or cur- 
rent distribution on the basis of two im- 
pedances in parallel (i.e., the reactance of the 
capacitor Cb in series with the reactance of the 
grid -to -cathode interelectrode capacitance CA 
as one impedance in parallel with the internal 
impedance of the power supply), the electrons 
are practically all attracted to the B supply and 
hardly any to the capacitor. The main reason 
for this is that the impedance of the B supply 
is much less than that of the capacitor circuit 
at the operating frequency; furthermore the 
positive side of the B supply offers such a ready 
attraction for the flowing electrons. Conse- 
quently something is definitely needed to pre, 
vent most of the electrons from flowing to the 
B supply because only a negligible amount will 
flow to the capacitor to be amplified further by 
the following stage. 

www.americanradiohistory.com



RADIO -FREQUENCY 

This undesired feature can be corrected by 
placing a high impedance in parallel with the 
capacitor so that the main flow of electrons will 
pass (in effect) through Cb to tube V,, and a 
negligible amount passed to the B supply. This 
new source of impedance is a resistor and it is 
placed in the circuit as shown in Fig. 12C. 
This resistor Rb, having a high value compared 
to the reactance of Cb, limits the flow of the 
electrons from tube V, to the B supply and 
therefore, most of them are passed (in effect) 
through the capacitor Cb to the grid of the tube 
Vt to be amplified further. This resistor is 
known by a number of different names : the 
"plate resistor, plate -load resistor, or load re- 
sistor" ; and the capacitor is called either a 
"coupling" capacitor or a "blocking" capacitor. 
The reason for this nomenclature of the "coup- 
ling" capacitor is evident from the previous 
discussion of how Cb (in effect) offers a path 
to, or couples, the electrons from tube V, to 
tube V,. 

If this flow of electrons is alternating in 
character, capacitor Cb will pass it on to tube 
V,. In other words, Cb will only pass current 
that is alternating and not a direct current. 
It is, therefore, evident that Cb, in addition to 
"coupling" the alternating components of the 
plate current, also "blocks" the flow of any 
direct current from tube V, to tube V,, and 
that is why it is sometimes called a "blocking" 
capacitor. Assuming a resistor to be principal- 
ly of a purely resistive nature and containing 
practically negligible inductive and capacitive 

-1_ -7- Bt ICGK 

L FIG. 12C 4 

Foc. 12.-These circuits illustrate the 
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characteristics, it can pass both alternating and 
direct current. In the present case, the re- 
sistance Rb has a high value and therefore the 
a -c component of the plate current will be 
hindered from flowing through it and pass on 
to tube V, through Cb. This is so because the 
reactance that Cb offers is much less than the 
resistance of Rb. All the d -c component of the 
plate current of tube V, has to flow through 
resistance Rb, regardless of the value, because 
that is the only path available for it. The 
value of Rb in itself actually has the effect of 
limiting the d -c plate current by the simple 
application of Ohm's Law. 

When no connection is between the grid and 
cathode as in tube V, of Fig. 12C, then the grid 
is said to be disconnected with respect to d -c 
voltages and currents and is termed a "float- 
ing grid". Some means must be provided for 
the leaking of these extra electrons off the grid 
to assure plate current flow in tube V,. This 
is accomplished by placing a high resistance 
Re in series with a bias battery in the grid cir- 
cuit of V, as shown in Fig. 12D. The com- 
mon name for such a resistor is a "grid -leak" 
resistor or just a "grid" resistor, and it is 
placed in the circuit between the grid and the 
bias voltage supply. If the bias supply in re- 
sistance -coupled amplifiers is obtained from 
self -biased cathode resistors, then the circuit 
connection will be that shown in Fig. 12A. The 
usual value of grid resistor is anywhere from 
100,000 ohms to about 10 megohms, depending 
upon the tubes used and other circuit 
parameters. 

development of the R -C coupled network. 
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Up to this point the need has been consid- 
ered for the plate load resistance Rb, the coup- 
ling capacitor Cb, and the grid resistor R but 
the reason for choosing special values for them 
remains to bé explained. 

(A) The Plate -Load Resistance Rb 

Since the value of this parameter and all 
others are dependent on the tubes used, then 
it is necessary to discuss them in reference to 
amplifiers. Rp represents the plate resistance 
of the tube and its value for triodes is some- 
where in tens of thousands of ohms, while for 
pentodes it is much larger, approaching well 
into the order of a megohm and higher. What 
was previously said about Rb was that it had 
to be large in value, but that was mainly in 
reference to the signal voltage. In reference 
to the d -c voltage, the smaller the value the 
better, but there must be a compromise and that 
will be discussed now. 

1-IDEAL MAXIMUM 

2 3 4 
RATIO OF 

r P 

Fig. 13 is a curve showing the way the 
relative amplification varies as the size of the 
plate load resistor Rb is increased (shown as a 
ratio value to the plate resistance Rp of the 
tube) . When the resistance Rb is small, most of 
the a -c voltage drop is in the plate resistance of 
the tube itself and the relative amplification is 
very low. When Rb is made very large, most 
of the voltage drop will appear across Rb and 
the relative amplification will increase. 

In order to justify the above, it may be 
thought the plate -load resistance should be 
about fifty times as large as the plate resistance 
of the tube. Theoretically this seems sound, but 
the fact must be considered that Rb is also in 
the d -c circuit of the tube as well as in the a -c 
circuit, and the value of Rb must be con- 
sidered from that angle too. The actual 
d -c voltage on the plate of the tube is the 
supply voltage less the d -c voltage drop in 
Rb. If Rb is quite large, then the d -c voltage 

Fia. 13.-This graph 
illustrates how the 
ratio of the plate -load 
resistance to the plate 
resistance of the tube 
varies with respect to 
the relative amplifica- 
tion. 

"HOW IT WORKS' 

drop in Rb will be large and the actual voltage 
on the tube will be small .- too small to 
make the tube operative under the existing 
conditions. 

One way to offset this may be to increase the 
supply voltage to overcome the difference, but 
such a practice would be wholly impracticable, 
because the supply would have to produce volt- 
ages that approach the order of thousands of 
volts. Circuits producing such high voltages 
would be too expensive and also these voltages 
would not be too conveniently obtained in re- 
ceivers of today. It is also often impracticable, 
because the plate load resistor would have to 
be unduly large in order to dissipate the amount 
of heat required due to the 12 Rb loss. There- 
fore, a compromise must be obtained between 
a high value of Rb for a -c amplification and a 
low value of Rb for d -c operation. The range 
of such a resistor actually used varies with the 
type of tube. The plate resistance of triodes 
is not so large, as mentioned before, and the 
ratio between Rb and Rp can be anywhere from 
one to ten. The plate resistance of pentodes is 
quite high compared to triodes and there are 
limitations as to how high the load resistance 
can be, as mentioned above. Consequently it is 
not practical to obtain too high a ratio between 
Rb and R in the case of pentodes. 

(B) The Grid -Leak Resistor Re 

Referring to the diagram of Fig 12D it is 
understood so far that the total signal voltage 
drop across Rb will be applied to the grid of 
the tube V: through capacitor Cb. This is not 
really true although it is desired that such a 
condition exist. Similar to the preceding case 
in the choosing of a plate load resistor, there 
are limitations here too. First of all, the cap- 
acitor Cb in series with R, together make up a 
parallel circuit with Rb to the distribution of 
signal voltage. Therefore the same signal out- 
put voltage that is across the one half of the 
parallel circuit Rb is impressed across the sec- 
ond half of the parallel circuit, namely Cb in 
series with Re. Since the grid of the next tube 
is connected to the junction of the CbRe corn- 

- bination, then this combination acts as a volt- 
age divider of the impressed signal, with the 
portion of the voltage across R, being impressed 
on the grid of the tube. The greater the value 
of Re as compared to the reactance of Cb, the 
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larger will be the voltage impressed on the 
grid of tube V,. 

Referring to Fig. 14, it is seen that the total 
signal voltage across Rb, is impressed across 
the dividing network of R,. and Cb. The voltage 
that is impressed on the grid will be that across 
the grid -leak resistor Re. The greater the re- 
sistance of R,., as compared to the reactance 
of Cb, the more signal voltage will be impressed 
on the grid of tube V2; therefore, why not let 
the grid -leak resistance be as large as possible, 
approaching hundreds of megohms? But here 
the limitation becomes apparent. If this grid - 
leak resistor is made too large, approaching 
hundreds of megohms, then the circuit between 
the grid and cathode can be considered as be- 
ing practically open circuited. In other words, 
there is the virtual effect of having the grid 
"floating", as previously mentioned, because 
any charge that collects on the grid cannot leak 
off fast enough due to such high resistance. 
Stated again, the value of a grid -leak resistor 
varies anywhere from 100,000 ohms to 10 
megohms ; depending upon the value of the 

Fio. 14.-An R -C coupled network in which the ca- 
pacitor -resistor combination, Cb-Rc, acts as a voltage 
divider. 

coupling capacitor and the tubes used. It is 
quite common, for quick calculations, to choose 
the grid -leak resistor in proportion to the plate - 
load resistance (if it is known) and it is usually 
made about four times as large as Rb. Since 
most tubes have a value of Re designated by the 
manufacturer, then it is sometimes said that 
the value of Rb should not exceed 1/4 of the rated 
value of Re, but should exceed the plate resist- 
ance of the tube it loads by several times. The 
aforementioned statement holds true for triode 
circuits and some pentode circuits, and de- 
pends upon the plate resistance of the tube 
used. 

(C) The Coupling Capacitor Cb 

Reviewing the function of the coupling ca- 
pacitor Cb, it is to keep the d.c. from the grid 
of the second tube and to allow the signal volt- 

age amplified in the first tube to be coupled to 
the second tube; or in more concise terms, to 
offer a low impedance to the signal voltage. 

A few considerations in the choice of a 
coupling capacitor have to be 'taken into ac- 
count. It must offer a minimum impedance to 
the signal voltage, therefore the capacitor will 
have to be large. That is, seen from the ca- 
pacitive reactance (the actual impedance of - 

1 
fered), Xcb = , the larger Cb becomes, 

MCA 
the smaller Xcb becomes. Now if a charge col. 

lects on the grid of the second tube, it will have 
to leak off through Re, the grid -leak resistor; 
but if the reactance of Cb is low, this collecting 
charge will tend to charge Cb, because the re- 
sistor Re offers too high an impedance as com- 
pared to Xcb and the charge cannot leak off too 
rapidly. This is undesirable, since it will de- 
velop a very high bias on the grid. What we 
now have is the effect of the impedance of both 
the capacitor Cb and resistor Re on this ac- 
cumulating charge. What must be done under 
such circumstances is that Cb be discharged un- 
der a specified time limit before any more 
charge accumulates on it and therefore to al- 
low passage of the signal voltage to the grid 
of the second tube. This discharging must 
naturally occur through R the only available 
resistor at the input to the second tube. 

The Time Constant 

The time limit is a mathematical quantity 
and it is known as the "time constane," of the 
circuit. It is the product of the coupling ca- 
pacitance in farads and the grid -leak resistance 
in ohms (or the coupling capacitance in micro - 
farads and the grid -leak resistance in meg- 
ohms) and it is expressed in seconds. Mathe- 
matically we have : 

Time Constant = R,Cb in seconds. 

This product of the resistance and capac- 
itance represents the time required to discharge 
the capacitor Cb through the resistor Re to ap- 
proximately one-third of the original charge 
(the actual value is 1/2.718). 

As an example, assume that it is desired to 
have a time constant of .004 second with a grid - 
leak resistor of 2 megohms and the value is 
wanted of the coupling capacitor to use. Using 
the above fórmula, 
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Time Constant = R,.Cb 
.004 sec = 2 megohms X CI, microfarads 

.004 
Cb = - .002 microfarad 

Therefore it is found that the value of the 
coupling capacitor required is .002 microfarad. 

In the use of coupling capacitors certain 
precautions must be observed. A primary con- 
sideration is that the coupling capacitor should 
not be "leaky" at all. If it has some leakage, 
then its leakage reactance should be exceed- 
ingly high in comparison with the values of 
plate -load resistance and grid -leak resistance. 
It should approach the order of thousands of 
megohms, because, if not, it may be low 
enough to provide a path for some direct cur- 
rent from the first tube to flow to the grid of 
the next tube. This would be exceedingly un- 
desirable as it will offset the original bias con- 
ditions for operation of the second tube. 

GAIN MATHEMATICS 

The two most general types of coupling used 
in radio receivers are transformer coupling and 
resistance -capacitance coupling. In many of 
the receivers it is very important to know the 
stage -gain measurements from any particular 
stage to the one following, since such informa- 
tion will help the serviceman in analyzing some 
of the troubles encountered in his work. As 
has been shown in the past, such measurements 
can be quickly and accurately made by means 
of a Chanalyst type of instrument. However, 
stage gains can also be calculated from some 
known factors about the component parts in 
the set, as in the case of transformer and R -C 
coupling. Gain measurements are based upon 
the input and output voltages of the stages and 
mathematically the gain is given by the ratio 
of the output voltage divided by the input volt- 
age. This means that the output voltage is 
the product of the input voltage and this ratio. 

AMPLIFIER 
6C5 

B4 - 

Fio. 15.-A typical R -C coupled amplifier stage in 
which triodes are employed. 

This is usually shown on manufacturers'.sche- 
matics giving gain -per -stage measurements, as 
some number followed by X. For example, 
20X means that the output voltage of a certain 
stage is 20 times greater than the input volt- 
age to that stage. 

The gain for any stage varies in accordance 
with the frequency at which it is measured. 
For instance, if the gain of an r -f R -C coupled 
stage in the broadcast band is measured, a dif- 
ferent value of gain will be found for the low-, 
middle-, and high -frequency regions of the 
band. However, for most general purposes the 
gain, when measured at the middle range of 
frequencies, may be considered as an overall 
value for the gain of the stage in question, 
since the gain at these frequencies is a maxi- 
mum. Hereafter when a computation is made 
for the gain of any coupled stage it is to be 
understood that it is made in the middle range 
of frequencies. 

Gain of an R -C Coupled Amplifier 

In Fig. 15 is shown a typical schematic of 
an R -C coupled triode amplifier using a 6C5 
tube. From the diagram and the above defini- 
tion of gain, it is noted that 

A = 
E, 

where A equals the gain of the stage 
Eo equals the output voltage measured 

across Re 
E, equals the input voltage across the 

6C5 control grid 
For any R -C coupled triode amplifier similar 

to that in Fig. 15, the gain is given by the fol- 
lowing expression : 

A = µ Rb 

R,+Rb 
where p. equals the amplification factor of the 

tube receiving the input voltage. 
(This may be found in any tube 
manual) 

Rb equals the plate load resistor across 
the amplifier 

Rp equals the plate resistance of the am- 
plifier (also found in any tube 
manual.) 

Looking up the characteristics of the 6C5 
tube, it is found that under certain operating 
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conditions (with 250 volts on the plate and 
-8 volts on the grid), the amplification factor, 

equals 20 and that the plate resistance R,, 

under the same operating conditions equals 
10,000 ohms. Now if the load resistance Rb 

across the plate circuit of the tube is equal to 
50,000 ohms, the computed gain of the stage 
would be approximately : 

20 X 50,000 1,000,000 = 16.7 A 
10,000 + 50,000 60,000 

The gain, A, is therefore 16.7 times as great 
as the input signal for the particular case un- 
der consideration. An important point of in- 
terest is that the gain of a triode amplifier can 
never exceed the rated of the tube and can 
only ideally approach it. 

AMPLIFIER 

65K7 

B+ 

Flo. 16.-A typical R -C coupled amplifier stage using 
pentodes. 

Likewise for a typical R -C coupled pentode 
amplifier, shown in Fig. 16, the gain is cal- 
culated by the following expression : 

A=G,,,R, 
where G0, equals the transconductance of the 

tube in mhos and 
Rb equals the plate load resistance of 

tube in ohms. 
The above relation is given under the gen- 

eral assumption that the grid -leak resistor Re 

and the plate resistance of the tube Rv are much 
larger than the plate -load resistor Ra. For the 
circuit in question, the G. of the 6SK7 tube is 

equal to 2000 micromhos (under the operating 
conditions of 250 volts on the plate, 100 volts on 

the screen, and -3 volts on the control grid). 
Therefore with a plate -load resistance on the 
6SK7 tube of 100,000 ohms, the gain of the 
pentode amplifier stage would be approximately : 

A = .002 X 100,000 = 200 

Gain of a Transformer Coupled Amplifier 

For transformer coupling there are also 

simple equations for computing the gain, but 
the factors involved may be somewhat dif- 
ficult to find in certain radio sets. One of the 
primary factors involved in calculating the 
gain of untuned transformer -coupled stages is 
the turns ratio of the transformer in question. 
Before going on, it would be best to try to 
understand ways of finding out the number of 
such turns. First, such information may be 
given in the service data sheets; second, it 
may be an easy matter to count the number 
of turns on certain coils; and third, the only 
alternative is to try to obtain such informa- 
tion directly from the manufacturer. 

The simplest type of transformer -coupled 
gain calculations are made with a transformer - 
coupled stage where the primary and secondary 
are untuned. Under such conditions the gain, 
A, is given by the following relation, 

Ea 
A = n 

E, 
= µ 

where equals the amplification factor of the 
tube in question, and 

n equals the turns ratio of the second- 
ary to primary. The gain can be easily 
calculated, when the turns ratio is 
known. 

On the other hand, however, a great number 
of transformer -coupled stages are found in 
radio receivers that have either one or both of 
the transformer windings tuned. Under these 
circumstances the calculation of gain becomes 
somewhat more difficult and it involves too 
much mathematics to be considered here. It in- 
volves the usage of the different impedance 
values of the primary and secondary along with 
the reflected impedance. 

It is important at this time to understand a 
few facts about the stage -gain measurements 
as supplied by the manufacturers with their 
service data. Generally speaking, these gain 
measurements are not supposed to be considered 
as standard values for every set of the same 
model put out by the manufacturer. In other 
words, if there are three radio sets, all the same 
model supplied by a certain manufacturer, the 
gain measurements in only one of the receivers 
may be near those listed in the service data 
supplied for this model. This does not mean 
that the lower stage gains of the other sets in- 

dicate that they are not working properly. Most 
manufacturers select an average of the gain 
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measurements made on quite a few sets of the 
same model and publish these figures as applica- 
ble to a certain model. The gain readings then 
represent not only one set but the average of 
values among them all. Under these circum- 
stances the gain readings that are made on a 
set may be above or below those given by the 
manufacturer and still be satisfactory. Only 
if the stage gain differs appreciably from that 
given on the service data should the service- 
men then question the functioning of the set. 

Motorola Model 39B-2 

In the Galvin Motorola Model 39B-2 an un - 
tuned r -f transformer is used to couple the r -f 
signal from the output of 6SK7GT r -f ampli- 
fier to the signal grid input of the 6SA7GT 
oscillator -modulator tube, as shown in Fig. 17. 
The transfer of energy from one circuit to the 
other is carried out by the means of ordinary 
transformer action. Due to the close coupling 
between the primary and secondary of the 
transformer, a certain amount of mutual in- 
ductance is offered and consequently the de- 
sired amount of energy is fed from one circuit 
to the other. A very unusual fact about this 
circuit is that the r -f transformer used is com- 
pletely untuned. In other words, the primary 
and the secondary circuits are not tuned and 
such a transformer should have a very broad 
selectivity. 

The input to the 6SK7GT r -f amplifier and 
the oscillator are tuned by ganged capacitors. 
Therefore in order to follow the tuning of 
these capacitors throughout the 545-1600-kc 
frequency range of the broadcast band, the r -f 
transformer, part (2), has to pass the entire 
band of broadcast frequencies. The frequency - 
response characteristics of this type of trans- 
former is such that there is a decrease in re- 
sponse at both the high- and low -frequency 

6SK7GT 
R -F AMPL. 

R.F. ( 2) 
III III 

6SA7GT 
OSC. -MOD. 

Fio. 17.-Untuned transformer coupling is used in 
the r -f stage in the Motorola Model 39B-2. 

"HOW IT WORKS" 

ends of the broadcast band; therefore, when 
tuning in different stations the selectivity of 
the set probably fell off at either end of the 
tuning range. 

In order to make the selectivity of the set 
broader and not have this falling -off in response 
at both ends of the band, a 33,000 -ohm resistor 
was placed across the primary and secondary 
of the r -f transformer in question, as shown in 
Fig. 17. These resistors reduce the overall Q 
of the transformer and consequently lower the 
gain of the stage. By reduction in the Q and 
lowering of the gain, the response curve is 
made effectively broader and the transformer 
will then pass all the frequencies of the broad- 
cast band. Even though the overall gain of the 
stage is lowered, there will still be enough gain 
in this stage for the proper functioning of the 
receiver. 

One of the benefits secured by this type of 
untuned r -f coupling is that only two ganged 
capacitors are used, thereby constituting an 
economical saving by doing away with the ne- 
cessity of another ganged capacitor section for 
tuning. Since space limitations in radio sets 
are always of importance, this type of coupling 
saves a certain amount of vitally needed space. 

Admiral Model 6E1 

In the Admiral portable models 6E1 and 
6E1N a single tuned stage is used to couple the 
signal from the 1N5 r -f amplifier to the signal 
grid of the 1A7 converter tube, the diagram of 
this circuit being shown in Fig. 18. The single - 
tuned circuit consists Of a 420-mmf fixed mica 
capacitor C3 in parallel with a permeability 
tunable coil L3. In this type of circuit there is 
no transformer action since only one coil is 
used. The purpose of this type of coupling is to 
offer a maximum load impedance to the 1N5 r -f 
amplifier and, therefore, get the maximum gain. 

It will be recalled, that the impedance of a 
parallel tuned circuit is a maximum at reson- 
ance, and it is purely resistive in nature. Also, 
according to the gain equations of pentode am- 
plifiers, the gain of such a stage is approxi- 
mately equal to the G. of the amplifier tube 
multiplied by the effective load on the tube. 
Since the load on this tube at resonance is a 
maximum and purely resistive in nature, as 
stated above, then the gain of the stage is de- 
pendent upon this load. The impedance of a 
parallel tuned circuit of a fairly high Q at res- 
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onance is equal to (XL)2, where XL is the in - 

R 
ducti'Ve reactance of the coil in the circuit and 
equal to 27rfL and the resistance R is equal to 

the resistance of the coil in the circuit. Since 
the Q of the coil is equal to the ratio of the in- 

ductive reactance to the equivalent series re- 

sistance of the coil, then the impedance of a 

parallel resonant circuit can also be expressed 
as XLQ. The gain of the stage in question is 

then equal to the following : 
(XL)3 

A=Gm 
R 

or 
A = GtX LQ. 

In either equation G, is equal to the transcon- 
ductance of the 1N5 tube expressed in mhos 

and XL, R, and Q. are defined as above. Since 

the capacitor of the tuned circuit is a mica ca- 

pacitor and as such has negligible losses, then 
the Q referred to can be considered as the Q 

of the coil. The gain of this stage can be easily 
calculated from either one of the above equa- 

tions provided all the factors are known. 
For this circuit of Fig. 18 the Gm of the 1N5 

tube is equal to 750 micromhos, the resistance 
R of the circuit can be measured between the 
high and low side of the tuned circuit, and the 
inductive reactance XL can be calculated from 
the frequency of operation. The method of ob- 

taining the inductive reactance without know- 

ing the actual inductance of L3 is as follows. 
The resonant frequency of the tuned L3 -C3 

circuit is read directly from the station selector 
dial. The inductive reactance of L3 at reso- 
nance is equal to the capacitive reactance of 

C3. Since we know the value of C3 (420 mmf) , 
the capacitive reactance of the circuit can be 

calculated and this value substituted for XL in 

the above equations. Tune the station selector 
dial to a frequency of 710 kc and assume that 
the d -c resistance measured across the tuned 
circuit (with the set not in operation) is equal 

to 10 ohms, then the gain of the stage may be 

computed as follows : 

At resonance the inductive reactance of the 
coil L3 is equal to the capacitive reactance of 

the capacitor C3 and therefore 

27rf (L3) = 
1 

27rf (C3) 

with the capacity expressed in farads and the 

frequency in cycles per second. In the circuit 
under consideration f equals 710 kc and C3 

equals 420 mmf. Consequently the capacitive 
reactance is equal to 

1 
Xe 

2 X3.14X 710 X 10' X 420 X10-12 
= 534 ohms 

therefore, the inductive reactance XL is equal 
to 534 ohms, since XL = Xc. 

The gain of the stage will be equal to 

(XL)3 

A=G, R 
(554)2 

= .000750 X = 21.4 

The gain of this stage at 710 kc and with the 

d -c resistance of the tuned .circuit assumed to 

be equal to 10 ohms and also to be equal to the 

r -f resistance, and with G. expressed in mhos, 

the computed gain is equal to 21.4. 

1N5 
R -F AMPL. 

1 A 7 
CONVERTER 

18. --The single -tuned r -f coupling in the Admiral 
Model 6E1 and 6E1N allows for maximum gain and 
good selectivity in this stage. 

Since the gain analysis is based on the 
mathematics of R -C coupled networks, the 
question might be raised of substituting as 
large a resistor as possible in the plate circuit 
of the 1N5 r -f tube as a load. The primary 
purpose of inserting the parallel tuned circuit 
into this coupling arrangement, is to obtain a 

high degree of selectivity, which is more im- 

portant than achieving a maximum amount of 

gain in this circuit. 

Zenith Model 6G001 

In the Zenith Model 6G001 an interesting 
transformer coupling arrangement is used be- 

tween the output of the 1LN5 r -f tube and the 
signal -grid circuit of the 1LA6 converter tube. 
The r -f transformer used, shown in Fig. 19, 

has its primary untuned and its secondary 
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tuned, which is common to such types of 
coupling. However, the interesting fact about 
this coupling arrangement is that the signal - 
grid circuit of the converter tube is tapped to 
the secondary inductance instead of going di- 
rectly to the high side of this coil. The circuit 
components used in this receiver necessitated 
the tapping down of the coil in order to obtain 
proper high -frequency tracking, proper band 
coverage, and a high L -to -C ratio of the tuned 
circuit. 

For the moment let us consider just the 
tuned secondary circuit of the r -f transformer 
L2 in Fig. 19. This tuned circuit consists of 
the transformer secondary coil L, in parallel 
with the ganged tuning capacitor Cl and the 
trimmer C7. The tuning capacitor Cl has the 
inherent quality of containing too high a mini- 
mum amount of capacitance. With the capaci- 
tor plates fully out of mesh a certain amount of 
capacitance exists (which is an inherent quality 
of any tuning capacitor) and this capacitance 
is referred to as the minimum capacitance that 
a tuning capacitor possesses. 

It so happens that the minimum amount of 
capacitance that Cl offers is too high and due 
to this, improper tracking at the high fre- 
quencies results. This high minimum capaci- 
tance also produces a lower L -to -C ratio for 
the tuned circuit. This low ratio is undesired 
as it causes improper band coverage over_ the 
tuning range of frequencies in this set. By 
causing improper band coverage is meant that 
the tuning range of capacitor Cl is not great 
enough to cover the broadcast frequency range 
of this set which is 535-1620 kc. All of these 

CONVERTER 
1.LA6 

TO FILAMENT CIRCIUT 

T C5 

B-+ .i 

Fie. 19.-The signal grid of the 1LA6 converter is 
connected to a tap on the tuned secondary of the r -f 
transformer in the Zenith Model 6G001. 
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defects are compensated for by increasing the 
L -to -C ratio of the tuned circuit. Without 
changing component parts it may at first ap- 
pear difficult to raise the L -to -C ratio. How- 
ever, if it is realized that every tube has in- 
trinsic qualities, such as input and output ca- 
pacitances beside the interelectrode capaci- 
tances between tube elements, it will be under- 
stood how the L -to -C ratio is increased. 

The input capacitance of the 1LA6 converter 
tube is effectively between the signal grid and 
ground and therefore this input capacitance 
would exist across the complete tuned circuit if 
the signal grid circuit were attached to the 
high side of coil L,. If a tube manual is ex- 
amined, it will be found that the input capaci- 
tance of the 1LA6 converter tube is equal to 
about 7.5 mmf. This capacitance may not affect 
the tracking at the low -frequency end of the 
band, but this input capacitance will have ap- 
preciable effect upon the tracking at the high - 
frequency end of the band usually by causing 
improper tracking at these frequencies. 

The method of effectively reducing this input 
capacitance across the tuned circuit is accom- 
plished in this set by taking the 1LA6 con- 
verter signal -grid voltage off a tap on the 
tuned circuit inductance L8. By tapping down 
on this coil, the L -to -C ratio is increased and by 
this increase the desired band coverage and 
proper high -frequency tracking is attained. 

The way proper high -frequency tracking is 
attained is as follows : Originally with the 
trimmer C7 across Cl, there was a certain 
amount of overall minimum capacitance at the 
high -frequency end of the band. This minimum 
capacitance included the input capacitance of 
the tube, which is quite high as noted. It was 
consequently found that when trying to use the 
trimmer C7 to track at the 1400-kc high -fre- 
quency end of the band, there was too much 
capacitance in the circuit to get proper track- 
ing. With the effect of the input capacitance 
greatly reduced, the total effective minimum 
capacitance across the tuned circuit is like- 
wise reduced and proper tracking at the 1400- 
kc high -frequency end of the band is attained. 

The high L -to -C ratio is realized at once, be- 
cause the overall total effective capacitance in 
the parallel tuned circuit is reduced. This, as 
mentioned before, brings about greater band 
coverage. How this coverage is increased can 
best be explained by the following analysis. 
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It has been mentioned that by greater band 
coverage is meant covering the entire fre- 
quency range of the set with the variable 
ganged tuning capacitor. In other words, with 
a high L -to -C ratio, when the tuning capacitor 
is varied by a certain amount, a greater fre- 
quency spread is covered on the tuning dial 
than if a lower L -to -C ratio was used. This 
can be illustrated by examination of the res - 

1 
onant-frequency formula f = and ap- 

27T 1/ LC 
plying arbitrary values of L and C to prove 
the above statements. Let us assign arbitrary 
values of 100 microhenrys for L and 20 mmf 
for C and consider this as a high L -to -C ratio. 
If C is varied 10 mmf, that is, if C is varied 
first to 15 mmf and then to 25 mmf, the dif- 
ference in frequency change would be as fol- 
lows : 

for C = 25 mmf, f = 
1 

27T ,/LC 
1 

2 X 3.14 X 1/100 X 10-6 X 2,5 X 10-12 

= 3.18 mc. 

for C = 15 mmf, f = 
i 

2irVLC 
1 

2 X 3.14 X 1/ 100 X 10-6 X 15 X 10-12 

= 4.11 mc. 

The frequency range covered by this tuning is 
4.11 mc. less 3.18 mc. which is equal to 930 kc. 
Now keeping the original LC product constant 
and making the L -to -C ratio lower by making 
L equal to 50 microhenries and C equal to 40 
mmf, let us examine the change in frequency 
when the capacitor C is again varied 10 mmf.; 
that is, C is varied between 35 mmf and 45 
mmf. Therefore at the extremes of 35 mmf and 
45 mmf we find that : 

for C = 45 mmf, f = 1 

2nVLC 
1 

2 X 3.14 X 1/ 50 X 10-6 X 45 X 10-14 

= 3.36 mc. 
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for C = 35 mmf, f = 
i 

27r V LC 

1 

2 X 3.14 X 1/ 50 X 10-6 X 35 X 10-12 

= 3.80 mc. 

The frequency range covered by this type of 
tuning that has a lower L -to -C ratio, is 3.80 
mc less 3.36 mc, which is equal to 440 kc. 

In comparing the above calculations it will be 
seen that a higher L -to -C ratio causes a greater 
change in frequency for a given change in the 
tuning capacitor than does a lower L -to -C ratio. 
This was shown under the provision that the 
product of LC is constant to start with. 

If the diagram of Fig. 19 is examined once 
more it will be noted that coil L8 is tapped 
down only about one-third of the way from the 
high end. It would appear that further lower- 
ing the tap on L. would give still better, band 
coverage, which is true. However, there is a 
limitation to how far down the coil can be 
tapped and this limitation is due to the fact 
that the lower down the coil Ls is tapped, the 
lower will be the applied r -f voltage to the 
signal grid of the 1LA6 tube. In other words, 
all the signal voltage appearing across coil Ls 
is not being used and the r -f voltage fed to the 
signal grid of the 1LA6 tube, is controlled by 
the tap on Ls. 

Tracing the path that the r -f signal energy 
takes in going from the plate of the 1LN5 tube 
to the signal grid of the 1LA6 converter is as 
follows : The r -f signal appearing across the 
primary L,, of the r -f transformer L2 induces 
a voltage across the complete secondary coil Ls. 
Part of this r -f induced voltage is tapped off L. 
from points B (which is about one-third down 
from the high side of Ls) to C and is applied 
onto the signal grid of the 1LA6 converter tube 
through the 250-mmf coupling capacitor C6. 

Globe Model 62 

In most radio sets where two i -f amplifier 
stages are employed, three i -f transformers are 
used. One is used as the input i -f transformer, 
the second as the intermediate i -f transformer, 
and the third as the output i -f transformer. 
However, in the Globe Model 62 two i -f ampli- 
fier stages are used, but only two i -f trans- 
formers are in the circuit. R -C coupling is used 
between the two amplifiers instead of the usual 
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intermediate i -f transformer, the circuit for 
this arrangement being shown in Fig. 20. In 
order to get appreciable r -f gain, most sets 
have an r -f tube in the input section. In this 
receiver an extra r -f stage is not used to obtain 
the increase in gain, but an extra i -f amplifier 
is used. By the addition of this extra i -f ampli- 
fier stage, the added gain required is obtained. 

One advantage of using an extra i -f ampli- 
fier instead of a separate r -f amplifier is that 
the extra tuning of the r -f stage is eliminated 
and at the same time the extra gain that is 
needed is available. The reason why an inter- 
mediate i -f transformer is not used is due to 
the fact that all the necessary gain and se- 
lectivity is accomplished by using R -C coupling 
between the i -f stages. In other words, this 
receiver needed extra gain in order to have it 
operate satisfactorily and if an intermediate 
i -f transformer was used more than enough 
gain would be available. In Fig. 20, it is shown 

1ST. 1-F AMPL. ° 2ND. I -F AMPL. 
14A7 14A7 

INPUT 
I -F TRANS. 

AVC 

OUTPUT 
I -F TRANS. 

AVC 

Ftc. 20.-In the Globe Model 62, R -C coupling is used 
between the two i -f amplifiers instead of the usual i -f 
transformer coupling. 

that the load resistance Rb in the first i -f tube 
plate circuit is kept low (1000 ohms) , so as not 
to have too great an increase in gain. From the 
gain mathematics of an R -C coupled pentode 
amplifier we know that the gain A is: 

A=G.XRb 
From tube manuals, G. for the 14A7 tube, 

under operating conditions of about 100 volts 
on the plate and screen and with zero bias volt- 
age on the control grid, is about 2100 microm- 
hos. Therefore the gain will be 

A = .0021 X 1000 = 2.1 
From this value of gain it is seen that only a 

small amount of amplification is needed and 
this is secured by R -C coupling of the two i -f 
stages. 

Zenith Model 7ML080 

In the Zenith Model 7ML080 a combined 
coupling arrangement is used between the 
7A7 r -f amplifier and 7B8 converter. This 
coupling arrangement consists of the regular 

"HOW IT WORKS" 

R -C coupling combined with single tuned -cir- 
cuit coupling. The schematic for this coupling 
arrangement is shown in Fig. 21. The primary 

R -F AWL. 
7A7 C5 

.001 

CONVERTER 
7B8 

GANyED _ 

'50 MMF 
Cb 

R4 - 
330 K 

L4 

C7 
"712.2 

20 MF 
50 MMF 

AVC 

3 

Ftc. 21.-The coupling between the r -f and converter 
tubes in the Zenith Model 7ML080 consists of the regu- 
lar R -C coupling combined with single -tuned circuit 
coupling to obtain proper selectivity and better image 
rejection. 

purpose of utilizing this coupling system is to 
obtain good selectivity of the r -f signal and 
better image rejection. 

In comparing the overall frequency response 
characteristics between transformer coupling 
and R -C coupling, it is a known fact that trans- 
former coupling, as well as tuned -circuit 
coupling, allows for greater selectivity but not 
a great band width. R -C coupling on the other 
hand has a very broad response compared to 
transformer coupling and it is therefore not 
as selective. With the differences between these 
two types of coupling established, it appears 
as though the effects of both are simultaneously 
present in the circuit of Fig 21. The R -C cou- 
pling arrangement, consisting of R3, R4, and 
C5, allows for broader band coverage, and the 
tuned -circuit coupling, consisting of L4, C6, 
and C7, produces good selectivity. Combining 
both of these arrangements, however, intro- 
duces certain properties into this circuit that 
are not readily evident. 

The combination of L4, C6, and C7 is in ef- 
fect a parallel tuned circuit. The two capaci- 
tors are effectively in series (through ground) 
and they both are considered to be in parallel 
with L4. The interesting part of this circuit is 
that by taking the output signal voltage across 
C7, the resonant circuit is made to function as 
a tuned autotransformer. Usually, in tuned - 
circuit coupling the signal grid of the converter 
tube is attached to the high side of the tuned 
circuit, as is the output of the r -f amplifier or 
the antenna. This contributes to the simplicity 

www.americanradiohistory.com



RADIO -FREQUENCY COUPLING 119 

of the coupling, and thereby reduces the pos- 
sible sources of trouble. On the other hand, 
this simplicity has its drawbacks as well as its 
advantagés, and the reason for the connection 
used here will be explained below. 

If the ground point was removed from the 
junction of C6 and C7 and placed at the junc- 
tion of L4 and C7, then R3 would be effectively 
in parallel with the entire tuned circuit. This 
is so since R3 is connected to the high end of 
the tuned circuit through the .001-mf capacitor 
C5, which has a very low reactance in the 
broadcast band; for example, it is only 159 
ohms at 1000 kc. The low end of R3 is con- 
nected to ground, as far as r -f is concerned, 
through the power -supply output -filter capaci- 
tor (C22) connected from it to ground. Be- 
cause of the loading effect that R3 would have, 
the Q of the tuned circuit would be decreased. 
This would increase the band width ; putting it 
differently, this would decrease the selectivity. 

GANGED --7 
C5 

I 

OUTPUT 
VOLTAGE 
FROM 7A7 
R -F AMPL. 

INPUT 
VOLTAGE 
TO 758 
CONVERTER 

Fio. 22.-Simplified schematic of the coupling ar- 
rangement of Fig. 21. 

Returning to the actual circuit, a better idea 
of its operation may be had by redrawing it as 
in Fig. 22. Designate e, the output voltage of 
the r -f amplifier. Then the voltage across C6 
will be virtually equal to e,. As was pointed out 
in the preceding paragraph, the high ends of 
R3 and C6 are connected through the very low 
reactance of C5. In addition, the low ends 
(ground end of C6) are connected through the 
negligible reactance of the output capacitor 
(C22) of the power supply. Now consider the 
tuned circuit. It consists of an inductive re- 
actance L4 and a capacitive reactance (C6 and 
C7 in series) in parallel, with a tap on the ca- 
pacitive arm. In the usual tuned autotrans- 
former the tap is found on the inductive arm; 
this is the only difference between the usual cir- 
cuit and the one in Fig. 22, and it is of little 
importance electrically. Therefore the present 

circuit may be considered as a true tuned auto - 
transformer. 

(As an analogy to the present case, consider 
the tank circuits of Hartley and Colpitts oscil- 
lators. Both tanks are true autotransformers, 
which couple the signals necessary to maintain 
oscillation from the plate to the grid in the 
proper amplitude and phase relation. In the 
Hartley tank, the tap is in the inductive arm, 
while in the Colpitts tank it is in the capacitive 
arm, as it is in the tuned coupling autotrans- 
former that is shown in Fig. 22. See section 
on "Oscillators.") 

In many respects the operation of an auto - 
transformer in a particular application can be 
treated like that of a transformer with no di- 
rect electrical coupling. For example, we can 
speak of a primary and a secondary. In the 
case of the circuit of Fig. 22, the primary ter- 
minals are the high end of C6 (connected to 
C5) and ground ; the secondary terminals are 
the high end of C7 (connected to the signal 
grid of the 7B8) and ground. It can be proven 
mathematically that in this circuit the primary 
and total circuit impedances are related by the 
following equation : 

Primary impedance 

Total impedance \ 
C7 \t 

C6 -{- C7 Jt 

(It may appear peculiar that C7 instead of 
C6 is found in the numerator of the squared 
fraction. The reason for this is that capacitive 
reactances-which are very important here- 
are inversely related, that is, the larger the 
capacitance, the smaller the capacitive reac- 
tance.) Rewriting the equation we obtain: 

Primary impedance 

= Total impedance X 

= Total impedance X 

= Total impedance X 

C7 : 

C6 +C7)2 - C7 ) 
50 

250 +50 ) 
1 

36 

In other words, by connecting the input across 
C6 alone, the effective impedance to the input 
is reduced to 1/36 of the total impedance of the 
parallel circuit. In this way the loading effect 
of R3 is very much reduced, for instead of 
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being parallel with the high impedance of the 
entire tuned circuit, it is across only 1/36 of 
this impedance. 

A further advantage of this tuned autotrans- 
former is that it provides a voltage step-up. 
The primary (input) and secondary (output) 
voltages are inversely proportional to the values 
of the primary and secondary capacitors : 

that is, 

Secondary voltage C6 

Primary voltage C7 

Secondary voltage 
C6 

C7 

250 

50 

X Primary voltage 

X Primary voltage 

= 5 X Primary voltage 

By obtaining good selectivity, this type of 
circuit also allows for better image rejection. 
The intermediate frequency of this automobile 
receiver is 265 kc (which is lower than the 
usual 455 kc used in home receivers) and 
when the i.f. is as low as this, then there is a 
greater chance for the image frequency to make 
its way through the selective r -f tuned circuit 
in sufficient strength to be troublesome. This 
can be easily illustrated by examining the fre- 
quency -response curve (or selectivity charac- 
teristic) of Fig. 23. 

Flo. 23. - Selectivity 
response curve illustra- 
ting image -frequency 
rejection. 

If the set is tuned to an r.f. of 1000 kc, then 
the oscillator would be tuned to 1265 kc to give 
an i.f. of 265 kc. If a fairly strong 1530-kc 
image signal also appeared on the input to the 
set and made its way through the r -f amplifier 
stage, it would also beat with the oscillator 
frequency of 1265 kc to give an i.f. of 265 kc. 
Therefore the selectivity of the tuned circuit 
has to be sharp enough at the center frequency 
of 1000 kc to reject the interfering signal. In 

"HOW IT WORKS" 

other words f in Fig. 23 is the resonant fre- 
quency of the tuned circuit and equal to 1000 
kc. The band width should be sufficiently nar- 
row that a signal at 1530 kc will not be passed 
through the r -f stage to any appreciable extent. 
If the band width is sufficiently narrow, then 
the selectivity is sharp and interfering image 
signals are rejected. The greater the inter- 
mediate frequency, the less restrictions have to 
be placed on the selectivity, but as the i.f. de- 
creases the selectivity has to increase in order 
to have good image -frequency rejection. 

HIGH -FREQUENCY COMPENSATION 
ADAPTED TO BROADCAST -SW RECEP- 

TION IN G. E. MODEL 321 (Early) 
and ESPEY MODEL RR -13L 

In the video -frequency sections of many 
radar and television receivers the band -width 
requirements are quite high. In order to pass 
the proper range of frequencies, the R -C cou- 
pling arrangements used, needed a very wide 
and flat response characteristic. That is, in 
the ordinary R -C coupling arrangements the 
flattest response was at the middle frequencies 
and at the high- and low -frequency end of the 
band the response curve dropped, i.e. the volt- 
age gain decreased. Consequently, special cou- 
pling arrangements, called high- and low -fre- 
quency compensating networks, were inserted 
between certain video -frequency stages in order 
to peak up the high- and low -frequency ends of 
the response curve. The band -width of the 
video or picture frequencies in television re- 
ceivers varied from around 20 cycles to as high 
as 4 megacycles. Such a wide band -width can 
be easily understood to have a decrease in the 
high- and low -frequency ends of the response 
curve with ordinary R -C coupling and that 
certain compensations are needed to elevate 
these ends. In compensating for high frequen- 
cies, inductances were connected into the cir- 
cuit in special places so as to peak the high end 
of the response curve. 

In many radio receivers utilizing broadcast 
and short-wave bands, it has been found that 
when R -C coupling is used between r -f stages 
there is a decrease in the high -frequency end 
of the response curve. Consequently, many of 
these models contain inductances in conjunc- 
tion with the R -C coupling already used in 
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their r -f stages to compensate for the loss in 
gain (i.e. the drop in the response curve) 
at the high frequencies in a similar manner to 
the way it is done in television sets. Typical 
circuits in which these compensating induc- 
tances are employed can be found in the Espey 
Model RR -13L, Fig. 24, and in the General 
Electric Model 321, (Early), illustrated in 
Fig. 25. 

In the Espey model, shown in Fig. 24, only 
a "series peaking" coil is used in series with 

R -F AMPL. 
7B7 

L3b 
SERIES PEAKING COIL 

5.7 MH 

6Boo 

wAV E 

TRAP 

AV 

COKIVERTER 
14Q7 

R3 

470K 

Fio. 24.-A series peaking coil for high -frequency 
compensation is used in the r -f stage of the Espey 
Model RR -13L. 

the plate -to -grid circuit between the 7B7 and 
14Q7 tubes; whereas in the G.E. Model 321 of 
Fig. 25, besides a "series peaking" coil, a "shunt 
peaking" coil is used in the plate load circuit 
of the 12SK7 tube. Before entering into a dis- 

cussion of these two models, it will be best to 
analyze high -frequency compensating networks 
from a generalized viewpoint. 

R -C coupling is often used to couple two r -f 
stages in order to obtain as wide a band-pass 
characteristic as possible. In many instances 

R-FAMPL. 
12 SK -7 

R- F 
SIGNAL 
INPUT 

L4 SERIES PEAKING COIL 

28 OHMS 
1.13 MH 

Rio 
270K 

R7- 
4700 

1.1 
SHUNT PEAKING COIL 

48 OHMS 
2.75 MH 

C3 
100MMF 

AVC 

B+ 

OSC.-CONV. 
12SA7 

WAVE 
TRAP 

Fio. 25.-Both series and shunt peaking coils for 
high -frequency compensation are used in the General 
Electric Model 321 (Early). 

it has been found that the high -frequency re- 
sponse of such R -C coupled networks drops and 
consequently the desired band -width charac- 
teristic is unobtainable. The reason a loss in 
gain occurs at the high frequencies in R -C 
coupled networks is primarily due to total shunt 
capacitances existing in the coupled circuit, 
these being shown in Fig. 26. C, is the effective 
shunt capacitance existing at the input to the 
R -C coupling arrangement and primarily con- 
sists of the output capacitance of tube V, and 
the stray wiring capacitances in the vicinity 
of tube V,. C2 is the effective shunt capacitance 
existing at the output of the R -C coupling ar- 
rangement and primarily consists of the input 
capacitance of tube V2 and the stray wiring 
capacitances in the vicinity of tube V2. The 
stray wiring capacitances include those exist- 
ing between capacitors CL and C8 to ground 
and any other conceivable type of wiring in the 
coupling circuit that may give appreciable ca- 

pacitance to ground. These total shunt capaci- 
tances, C, and C2, are inherent qualities of any 

coupling network and they are difficult to re- 

duce. In fact, the only effective capacitance 
that may be reduced is the stray wiring ca - 

Fio. 26.-A typical R -C coupled stage in which the 
shunting capacitances C, between the plate and ground 
and CZ between the grid of the next tube and ground 
are indicated. 

pacitances, but even though the wiring is 
moved a bit, always some stray wiring ca- 
pacitance exists which causes troubles at the 
high frequencies. Added up, these shunt capaci- 
tances are the effective elements that reduce 
the gain of R -C coupled networks at high fre- 
quencies. The reactance of these capacitances 
are such that they offer a low -impedance path 
to ground at the high frequencies and thus the 
gain of the R -C coupled stage is reduced. 

From the gain mathematics of R -C coupled 
pentode amplifiers it was shown that the gain 
of the stage was dependent upon the G», of the 
amplifier tube and the effective load resistance, 
or mathematically : 
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A = GmRb 
For purposes of quick computations it was 
stated that this equation was the gain at the 
middle frequency region of the band in ques- 
tion and that it would be considered as being 
the overall gain of the stage. At this point, 
however,'it should be pointed out that true gain 
at the high frequencies is less because of the 
shunting capacitances. The true gain at the 
high frequencies of any R -C coupled network 
is given by the following relation : 

A high 1 

Amid 

1 
_ (1) 

V 1 + (27rfCTRb) _ 

where Ah,oh equals the gain at the high frequen- 
cies 

Amid equals the gain at the middle frequencies 
and equals GmRb 

Rb equals the resistive load on the plate of 
the amplifier in ohms 

XcT'equals 1/27rfCT, the capacitive reactance 
of CT in ohms 

CT equals the total shunt capacities in farads 
(C, C,) and 

f and r are the same as used in previous ex- 
planations. 

This equation is given under the condition 
that the plate resistance R of the amplifier 
and the grid -leak resistor, R of the following 
stage, are both much larger in value than Rb 
and can be neglected as being part of the load 
on the amplifier. 

In examining Fig. 26 the question might well 
be raised, how can C, and C, be added, as they 
are not exactly in parallel but separated by ca- 
pacitor Cb ? That is really an interesting ques- 
tion and the answer is the basic reason why 
inductances are used in special places to com- 
pensate for the high -frequency loss in gain. 

The answer to this question is based upon 
the reactance that Cb offers at high frequencies. 
The average coupling capacitor Cb (as em- 
ployed in the radio receivers of today) is about 
250 mmf when used in an r -f stage, and its re- 
actance at high frequencies is quite low and 
can be considered as a short between capaci- 
tances C, and C,. In fact, at the 1500-kc region 

"HOW IT WORKS" 

of the broadcast band the reactance of Cb is 
equal to only 425 ohms. Due to this low value 
of reactance, capacitances C, and C, can be 
considered as being effectively in parallel and 
thus are added. C, and C, together are easily 
seen to offer a ready path to ground for the 
high frequencies and thus reduce the gain of 
the stage at these frequencies. 

From the above mathematical relation (equa- 
tion 1) we find that the gain of an R -C coupled 
stage at high frequencies is some fraction of 
the gain at the middle frequencies. Rearrang- 
ing the above expression and substituting GmRb 
for Amid, this becomes 

GmRb 
A high = 

V/1 -i- (277fCTRb)' 

This relation is in reality not at all difficult 
to understand. Let us consider equation 2 for 
a moment. What this relation states (and ev- 
ery mathematical expression is a form of 
statement) is that the gain of an R -C coupled 
amplifier stage at high frequencies, Ahigh, is de- 
pendent upon four distinct factors, these being 
the transconductance or Gm of the tube used; 
the plate load, or Rb, on the same tube; the fre- 
quency of operation f, and the total shunting 
capacitances CT. The other quantities used in 
the expression are no more than actual num- 
bers or numerical constants. The expression 
further states that the true gain of the R -C 
coupled stage involves the four above men- 
tioned quantities in such a way that the gain 
is equal to the product of the transconductance 
of, and the plate load on, the amplifier tube, 
all divided by the relation inside the square - 
root sign. This square -root relation is equal to 
one (1) plus the square of the product of a 
numerical constant 2r which equals 2 X 3.14 
or 6.28, and multiplied by the frequency of 
operation f, the shunting capacitances CT, and 
the plate load Rb. 

Consequently from the above expression it is 
found that if the G,, of the tube in question is 
high, so will the gain, Ahigh, be high, but if the 
shunt capacitances, CT, of the tube and the fre- 
quency of operation, f, are high, then the gain 
Ahigh, will decrease. It can be seen how much 
information this mathematical expression gives. 
Even an actual computation is not difficult, 
when all the values of the Gm, Rb, f, and CT are 
known; it can be easily and simply executed in 
a few steps. Let us assign values to the sym- 

(2) 

www.americanradiohistory.com



RADIO -FREQUENCY COUPLING 123 

bols and illustrate a typical calculation, which 
consists of a series of multiplications and a 
division. Assuming that 

Rb equals 50,000 ohms, Gm equals 1000 mi- 
cromhos, f equals 1500 kc, and CT equals 30 
mmf (C, + C2), then 

Ahiyh= 
.001 X 50,000 

V1+(2X3.14X1500 X103X30 X10 -12X50,000)2 

Starting with the denominator (the expres- 
sion under the square -root sign), we find that 
(2 X 3.14 X 1500 X 103 X 30 X 10-32 X 50,000) 2 

is nothing more than a series of multiplications 
and is equal to 14.1. Squaring this product 
simply means multiplying 14.1 by itself, which 
gives 199. Adding this number to one (1) , 

gives the total number under the square -root 
sign which is 1 + 199 or 200. Evaluating the 
square root of 200 (V 200) , gives that number 
which multiplied by itself equals 200 and it is 
found that 14.14 is close enough for practical 
purposes. Up to this point only the denominator 
has been calculated, which is equal to 14.14. 
The numerator of the expression is then equal 
to .001 X 50,000 or 50. From here on only one 
more step is required to obtain the final value 
of Ahigh, and that is to divide the numerator by 
the denominator. Therefore 

50 
Ahiyh= = 3.53 

14.14 

From the above mathematical computation 
the gain at the middle frequencies which is 
equal to GmRb, is 50, as compared to the gain 
at the high -frequency end of the band, which 
is 3.53. This drop in gain, a's mentioned be- 
fore, is due to CT. The undesired effect of CT 

is reduced by inserting inductances in the cir- 
cuit at special places. The primary purpose of 
inserting these inductances is to increase the 
load impedance of the amplifier effectively at 
the high frequencies, thereby increasing the 
gain lost by the effect of the shunting capaci- 
tances. 

Shunt Peaking 

One of the methods of using inductances to 
increase Ahigh is to insert in series with the 
plate resistor Rb an inductance which is com- 
monly called a "peaking coil," because it 

"peaks" the high -frequency end of the response 
curve. It is also often called a "shunt" peaking 
coil, because it is part of the parallel load on 
the amplifier tube. In Fig. 27 a typical R -C 
coupled stage is shown which uses a shunt 
peaking coil, L. The shunt capacitance C, and 
C= are shown lumped as one capacity, namely 
CT for reasons which were previously explained. 
The effective load impedance on tube V, is the 
combination of Rb in series with Lp, both being 
in parallel with CT. 

An analysis of this load circuit in the boxed 
portion of Fig. 27 is necessary in order to show 
how the effective load impedance is increased 
in order to increase the gain. R, is neglected as 
part of the load impedance because it is usually 
made very high and therefore it has very little 
effect as part of the parallel load. This load 
impedance is nothing more than a parallel res- 
onant circuit with resistance in the inductive 
arm. From previous explanations of parallel 
resonant circuits, it was shown that the im- 
pedance of such a circuit is a maximum and 
purely resistive at resonance ; consequently, it 
is seen how the effective load on the tube is 
increased due to the insertion of L,,. The im- 
portant point to consider here is how to choose 
the value of L,, and what frequency should be 
used to figure the coil to "peak" up the high - 
frequency end of the response curve. 

The design of most coupling arrangements 
is primarily based upon their response curves, 
from which there are high- and low -frequency 
limits which are the criterion points of ac- 
ceptance. In other words, at frequencies above 
this high -frequency point and below this low - 
frequency point, the response is not accept- 
able to design purposes. These limitations are 
called the "half -power points" or "3 db points," 
and the high and low frequencies, upon which 

FIG. 27.-Coil L5 in this R -C coupled stage is in- 
serted in series with the load resistor to increase the 
high -frequency response. 
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these limitations are based, are the determining 
factors upon which the design of certain 
coupling arrangements are founded. The half - 
power point or 3 db point is where the voltage 
amplification of the response curve has dropped 
to 70.7% of the maximum value, which occurs 
at the middle -frequency range of the band of 
frequencies in question. 

For instance if a certain radio -frequency 
R -C coupling arrangement without a peaking 
coil has a response curve that is considered flat 
up to the half -power point of 1200 kc, then as 
far as design purposes go that R -C arrange- 
ment is only considered to be good up to the 
1200-kc frequency region. However, if fre- 
quencies as high as 1600 kc are desired to be 
passed, then something must be done to the 
R -C coupling arrangement to increase the re- 
sponse at the high -frequency end and make the 
curve such that the 1600-kc point will be at 
least at the half -power point. Since the re- 
sponse curve has to be corrected to a degree 
where 1600 kc will be considered acceptable, 
then this 1600-kc frequency is termed the "fre- 
quency of correction." It is this frequency that 
aids in choosing the value of compensating 
components used in coupling arrangements. 
This will be seen when choosing the value for 
the peaking coil is analyzed. In order to have 
the voltage amplification at the half -power 
point equal to 70.7% of that maximum voltage 
at the middle frequencies, then the resistive 
load Rb on the tube must equal the reactance of 
the shunting capacitances XCT. 

This can be shown by examination of equa- 
tion (1) . If the resistance Rb be made equal to 
the reactance of the shunting capacities, XCT, 

then equation (1) would be : 

flhigh 

Amid 

1 

\I 
1+ 

Rb 
\X 2 

and if Rb = Xcr, then 

A high 1 1 

Amid V 1 +(1)2 V2 
1 

=.707 (3) 
1.414 

From equation (3) it is seen that when Rb 
is equal to Xer, then the voltage amplification 

at the high frequencies has fallen to .707 
(70.7%) of that voltage amplification at the 
middle frequencies. This is the 3 db or half - 
power point mentioned before. 

The choice of a load resistor depends upon 
the amount of shunting capacitances ; therefore, 

1 
Rb= XCT = 

27r f cCT 
(4A) 

where fe equals the frequency at which correc- 
tion starts. If the above relation is solved for 
27rfe, it will be found that 

2afc= 
1 (4B) 

RbCT 

Since at resonance the inductive reactance 
equals the capacitive reactance, then the induc- 
tive reactance of LT is likewise equal to Rb. This 
may be expressed as follows : 

Rb = 27rfeLg (5) 

1 
since 2 rrf e = , it can be substituted in equa- 

RbCT 

tion (5) from which we have 

L 
Rb = 

CTRb 
or rearranging, 

Lg = CTRb' (6) 

Equation (6) is a direct formula which shows 
the amount of shunt peaking coil inductance 
to use when both CT and Rb are known. Notice 
that this latter relation is independent of fre- 
quency. It has been found from practice that 
when a response curve is plotted for all values 
of frequency versus gain (or voltage) using 
the compensated network of Fig. 27 and using 
a value of Lp as determined by equation (6), 
the high -frequency end of the curve is improved 
considerably over the ordinary R -C coupled 
circuit. The amplitude or gain of the response 
curve at the high -frequency end receives the 
improvement but the overall flatness of the 
curve is not improved as would be desired. The 
reason for this is because the value of Lg used, 
as calculated by CTRb, is too large a value and 
has caused too high a rise in amplitude at the 
high end of the curve. It immediately becomes 
apparent why L is called a "peaking" coil. 
From actual experimentation it has been found 
that for good overall flat response, down to the 
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frequency where correction is desired, the 
peaking coil should have a value equal to about 
one half of that as calculated by the above 
equation. In other words, the peaking coil L,, 
should be as follows : 

Lp = 1/2 CTRb2 (7) 
The above relation is the one generally accepted 
as the shunt -peaking coil design formula. How- 
ever there are many cases where the total shunt 
capacities CT are not known accurately and it 
will then be difficult to find what L,, should be. 

I 
and if 

2Tr f,CT 
this relation is solved for CT, we find that 

1 
CT = . If this latter relation for CT is 

2Trf,Rb 
substituted in equation (7) then, 

1 Rb 
Lp = 1/2 X 

(8) 2fcRb 
X Rb2 = 

çTrfe 

In this equation L is entirely independent 
of the shunt capacitances CT and is dependent 
upon the frequency of correction fe and the 
load resistance Rb. 

Up to this point it should be remembered 
that even though one equation may be inde- 
pendent of certain component parts and de- 
pendent upon others, one equation cannot exist 
without another. For instance, the primary 
purpose of this type of compensation is to get 
rid of the effect of CT and all computations have 
to be based on the value of CT. In fact, Rb, for 
correction purposes of this circuit, has to be 
equal to the reactance of one-half of CT at the 
frequency of correction. However, if Rb is al- 
ready known by approximating a certain value 
for CT, which is often done, then the above 
formula for L will hold. 

As an illustration of how different values of 
shunt -peaking inductances affect the high -fre- 
quency end of the response curve, let us ex- 
amine some typical curves at the high -fre- 
quency end. In Fig. 28 are a number of dif- 
ferent curves at the high frequencies, in which 
each curve is representative of a different value 
of L9. Note that the curve where the response 
is flattest is when 

L9 = 1/2 CTRb2 

In order to appreciate the use of the pre- 
ceding formulas let us apply them to arbitrary 
circuits where certain component values are 
known. For instance, in an R -C coupled net - 

However, it is known that Rb = 

COUPLING 125 

work between two r -f stages it has been esti- 
mated from the response curve for this net- 
work, that the total shunting capacitances ex- 
isting across the load on the amplifier are ap- 
proximately 25 mmf. The circuit is used in 
the broadcast band and it has been found that 
the response curve falls off at about 1400 kc 

o 
fc 

CORRECTION FREQ. 
FREQUENCY - 

Lp=4/5CT Rb2 

Lp= 1/2CT Rb2 

Lp_ 2/5CT Rb2 

NO Lp 

Fio. 28.-Typical curves showing the high -frequency 
correction due to the insertion of L in the amplifier 
plate load. 

and it is desired to have good response up to 
about 1600 kc. In order to peak up the response 
curve at 1600 kc, it was decided to insert a 
shunt peaking coil. It has been found that for 
best overall flat response, the load resistance Rb 

should be equal to the reactance of the shunting 
capacitances at the frequency of correction. 
Mathematically it means : 

1 

Rb = X,.T = 
2Tr f ,.CT 

which is the same as equation (4A). From this 
latter relation the value of the load resistor 
needed can be calculated. We know that fe _ 
1600 kc and CT = 25 mmf, then, 

1 

R6 = 
2a f ,CT 

1 

2 X 3.14 X 1600 X 10' X 25 X 10-1' 

= 3960 ohms 

Therefore we know that the load resistance 
should be equal approximately to 4000 ohms. 
From equation (7) or (8) the required value 
of L can be found. 
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From (7) 

Lp = 1/2 CTRbt 
1/2 X 25 X 10-12 X (4000) 

=1/2X25X16X10-8 
= 200 X 10-8 

Lp = .2 millihenry 

Or from (8) 

Rb 
Lp 

4rfe 

4000 

4 X 3.14 X 1600 X 103 

4000 

20.1 X 106 

= 199 X 10-8 

= .199 millihenry 

which is close enough to be called .2 millihenry. 

Series Peaking 

There is another type of high -frequency com- 
pensation using an inductance as a peaking 
coil and it is known as "series peaking." In 
this type of compensation the coil is placed in 
series with the plate of the amplifier tube in- 
stead of in parallel with it. In Fig. 29A is 
shown a typical series -peaking compensating 
network. The series -peaking coil, designated 
as L is inserted between the load resistance 
Rb and the coupling capacitor Cb. The primary 
purpose of inserting L, in this position is to 
isolate the shunting capacitances C, and C, so 
that each will function individually. The com- 
bination of C, L and C, represents a "filter" 
network, which has the characteristics of a 
low-pass filter (wide -band) . Such reference to 

FIG.29A 

Fios. 29A, B, and C.-These three schem- 
atics illustrate different methods of insert- 
ing a series peaking coil in an R -C coupled 
network. 

a filter circuit means one so designed that it 
will pass certain frequencies within a given 
range and attenuate others that are undesired. 
That is why series -peaking compensation is 
sometimes known as "filter" coupling. 

There may appear in certain high -frequency 
compensating circuits, a few variations of Fig. 
29A ; some of these variations are shown in 
Figs. 29B and 29C. The principle difference 
between these circuits is in the manner of iso- 
lating the shunt capacitances C, and C2. In 
other words, as will be seen later on, the ratio 
between C, and C, is the fundamental expres- 
sion upon which the choice of a compensating 
coil is based. For instance in Fig. 29B, the 
series -peaking coil L, is shifted to the other 
side of the load resistor Rb because in some cir- 
cuits the shunting capacitances are more evenly 
distributed under these circumstances. Or, as 
illustrated in Fig. 29C, the peaking coil may be 
inserted between the coupling capacitor Cb and 
the grid circuit of tube V,, because it is desired 
to add the shunting capacitance between ca- 
pacitor Cb and ground to C, and not to C,, as in 
Fig. 29A. 

For most practical purposes it has been 
found from experimentation that C, should ap- 
proximately be equal to twice C,. In practice, 
C, is usually lower than C, and it is the custom 
to place the load resistor Rb on the side of the 
lower shunting capacitance, namely C,, as in 
Fig. 29A. The reason for placing Rb in such a 
position is to have the value of this resistance 
based upon the value of C,, the lower shunting 
capacitance. In other words, the value of the 
load resistance Rb depends upon the reactance 
of the shunting capacitances across it. This 
was similarly analyzed in the discussion on 
shunt peaking, where it was stated that for 

FIG.29 B 

FIG. 2'3C 

Rb 

Cb 
V2 

Rc 
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proper operation of R -C coupling the design 
basis of the load resistor is that it should be 
made approximately equal to the reactance of 
the shunting capacitances existing across the 
resistance. Consequently, the lower C, will be, 
the higher its reactance will be, and the higher 
resistor Rb will have to be. Thus it is seen that 
by isolating C, and C, properly, the effective 
load on the tube can increase, thereby allowing 
for increased gain. However, the effect of re- 
ducing C, is only part of how L, affects this 
network. 

The way the addition of the peaking coil L, 
helps increase the high -frequency response is 
fully explained as follows : The voltage output 
from tube V, is impressed across the plate - 
load resistor Rb. Assuming no compensation 
(L, removed), then this voltage across Rb 
would be attenuated at the higher frequencies 
due to the shunting effect of the total shunting 
capacitance. With peaking coil L, inserted, the 
total shunting capacitances are divided, with 
the smaller amount appearing as C,, as far as 
design features will allow. Therefore, the 
previous loss, which was due to the effect of 
the total shunting capacitances, is greatly re- 
duced because it is now due to C, alone. How- 
ever, C,, even though reduced, still causes some- 
what of a loss at the high frequencies. The out- 
put voltage from tube V,, that is now developed 
across Rb and C, in parallel, is impressed onto 
the voltage dividing network of L, and C,. 
Capacitor Cb presents a virtual short circuit at 
high frequencies and the resistance of the grid - 
leak Re is so large compared to the reactances of 
L, or C, that Cb and R, can be considered as 
having negligible effect on the voltage dividing 
network of L, and C,, and are consequently 
neglected in the circuit analysis at high fre- 
quencies. Even though the shunting capaci- 
tance across tube V, is now reduced from the 
total shunting capacitance CT to just the shunt- 
ing capacitance of C,, there still remains some 
loss at high frequencies due to this C,. The 
problem now is to offset this high -frequency 
attenuation caused by C,. This can be done by 
producing a resonant rise in voltage across C, 
at high frequencies. The question that imme- 
diately arises is, how can this effect be attained? 

Referring to Fig. 30, which is a simplified 
circuit of Fig. 29A, it is found that at some 
frequency, f L, and C, will be in series re- 
sonance. Therefore, at this frequency the volt- 

age appearing across C, will be greater than 
the voltage impressed across the whole resonant 
circuit (L, and C,) by the preceding tube (V,). 
(See the introduction to this section). The 
maximum amount of voltage (at high frequen- 
cies) will now be impressed on the grid of tube 
V, by the voltage drop across the capacitance 
C,. Therefore, it is seen how capacitor C, off- 
sets the drop in gain at high frequencies by 
the characteristics of its resonant effects, at 
these frequencies, with the series peaking in- 
ductance L8. In actual practice, the ratio be- 
tween C, and C, is set approximately equal to 
2, as stated before. The value of C, can be 
measured accurately and so can the total ca- 
pacitance CT (CT = C, - C,), and from know- 
ing C, and CT, Cp can be found. The physical 
location of the circuit components may have to 
be shifted in order to make the ratio correct, 
since C, and C, are dependent on stray capaci- 
tances to a large extent. 

Both C, and CT may be measured in the same 
way and the usual method of making this 
measurement is indirect. This method depends 
upon the relationship which exists between the 
load resistance and the stray capacitance at 
the high -frequency half -power point. As was 
stated previously, the meaning of the high - 
frequency half -power point is that at a certain 
relatively high frequency, the voltage gain of 
an amplifier decreases to 70.7% of the gain 
available in the middle range of the band of 
frequencies for which the amplifier is designed. 
At this half -power point, in an uncompensated 
amplifier, the load resistance equals the re- 
actance of the total capacitance (Cr) shunt- 
ing it. 

In order to make the actual measurement of 
CT, the amplifier to be compensated is set up in 
a form as close as possible to the final form. 
This is important because of the dependence of 
CT (and C, alone) on stray capacitance, which 

FIG. 30.-The schematic of Fig. 29A is here redrawn 
to show how L, and C, are considered as a series reson- 
ant circuit. Capacitor Cb is removed, because at high 
frequencies it is considered as a short circuit. 
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in turn depends upon the circuit layout. For 
example, a peaking coil of the approximate size 
expected should be included in the layout. This 
coil is not connected when CT is measured, but 
its physical presence is required because of its 
effect on stray capacitance. Since the value of 
the load resistor Rb in the completed amplifier 
depends upon CT, it is possible to use only an 
approximately correct value of Rb during this 
measurement. This is not important, however, 
since CT is affected only by the mechanical size 
of Rb, not by its electrical value. 

When the amplifier has been set up, its volt- 
age gain is measured over a range of frequen- 
cies, beginning somewhat below the middle of 
the expected band and extending beyond the 
highest frequency desired. A point of maximum 
gain will be found at the middle frequencies, 
and at the higher frequencies the gain will 
decrease. At the high frequency where the gain 
drops to 70.7% of the maximum, the reactance 
of CT is equal to the resistance of Rb (the load 
resistor actually in use during the measure- 
ment) . When the reactance of a capacitor (in 
this case CT) at a certain frequency (the high - 
frequency half -power point) is known, it is an 
easy matter to calculate the unknown capaci- 
tance from the previous relation that Rb equals 
X,.T at the half -power point. Thus CT is meas- 
ured indirectly. 

Since C, is also a distributed capacitance, it 
can be measured in much the same way. Since 
C, is part of CT (C, -----CT-C2) and if the un- 
desired (for this measurement) part of CT is 
removed from the circuit, C, alone can be meas- 
ured by understanding that Rb is equal to Xe1 
at the half -power point. The undesired part 
(C2) is removed by disconnecting and, if neces- 
sary, mechanically removing the components 
across which C2 appears (see Figs. 29A, B, C). 

It has been shown that in the ordinary R -C 
coupling arrangement, the high -frequency end 
of the response curve falls off. It has been 
found that for series -peaking compensation with 
C2 equal to about twice C, and the elements L8 

and C2 made to resonate at the desired fre- 
quency of correction f then the R -C coupling 
network is said to be effectively compensated. 
Series -peaking compensation gives a higher 
gain than shunt -peaking compensation because 
the effective shunt capacitances across Rb are 
reduced, thereby allowing for an increase in 
the load resistor Rb. And since the gain of an 

"HOW IT WORKS" 

R -C coupled stage is proportional to Rb and in- 
versely proportional to the shunt capacitances, 
the above statement then holds true. 

Up to this point the series -peaking circuit 
has been analyzed from the standpoint of why 
the coil is inserted and how it works. Some 
simple mathematics are needed for final clari- 
fication as to the representative methods of 
how the values of the series -peaking coil and 
load resistance are obtained. The following 
formulas, as those previously encountered, are 
not difficult. One simple formula leads to an- 
other by the easy method of substitution. 

From the design procedure, it has been stated 
that at the highest frequency where correction 
is desired, the series circuit of L,C2 should be 
made resonant at the frequency, fc. Conse- 
quently, from the resonant -frequency formula, 
it is found that : 

1 f= (9) 
2or V L8C2 

If both sides of this equation are squared and 
solved for the inductance L8, we have : 

f c2 = 1 and rearranging (2r)2 Ls C, 

1 1 
L. =or 2a 

(Bf)2 C2 
fcLs = (10) 

The above equation (10) is dependent upon 
the shunting capacity C2 alone, and upon no 
other circuit components. If we want to solve 
for L. in terms of C,, then from the \elation 
that C2 = 2C, we have : 

1 1 1 
L, = or 2rfeLB = - (11) 

(27rfe) 2 2C, 2 2rf,C, 

Equation (10) states that the inductive re- 
actance of L8 is equal to the capacitive reactance 
of C2 at the correction frequency f, and equa- 
tion (11) states that the inductive reactance of 
L, is equal to one half of the capacitive re- 
actance of C,. 

If equation (11) is attacked in a different 
way and solved for the relations V 2 f 2, we 
would have the following : 

First, by taking the square root of (11) we 
have: 

VLB= 
1 

2rf V 2C, 
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Then if this latter relation is solved for V 2 f 
we have : 

1 

U2 fc _ (12) 
2,r V L,C, 

(At this point it would be wise to under- 
stand something about square roots. As an il- 
lustration we will consider the expression 
V 2C,. This V 2C, can also be represented as 

the V 2 X \/ C. In other words, the product of 
any two square root numbers, V 2 X V C, will 
give the same answer as the square root of the 
product of the numbers V 2C. For instance, if 
we let C be equal to 10 mmf, then V/ 2C is equal 
to V 2 X 10 = V 20, which is equal to 4.47 

mmf. Similarly, the V 2 X VC is equal to the 
V 22 X V 10. The V 2 is equal to 1.414 and the 
V10 is equal to 3.160. When these values are 
multiplied together, 1.414 X3.16, they are also 
equal to 4.47. Therefore, it can be seen that 
V 2C = V 2 X V/ C and any sort of multiplica- 
tion similar to this would also hold true.) 

Returning to equation (12) , it will be noticed 
that the right-hand side of the expression is 
itself representative of a resonant frequency. 
In other words, a frequency exists at which the 
series -peaking coil Ls is in resonance with the 
lower valued shunting capacity C1. The re- 
sonant frequency of L,,C, is then equal to V 2 
times the frequency of correction. That is to 
say, if we let fr equal the resonant frequency of 
L8 and C,, then 

fr= V2 fc (13) 

It has been found from practice that the 
plate -load resistance Rb had to be equal to about 
one half of the reactance of the shunting ca- 
pacitance C, at the frequency of correction. 
Therefore, 

Rb = 
1 1 1 

2 27r fcC, 

1 
where X,, is equal to , the capacitive 

27T C, 

2 
Xe, _ (14) 

reactance at the frequency of correction of 
the shunting capacity C, existing across Rb. 
Equations (11) and (14) are equal to the same 
thing so they are therefore equal to each other 
and we have the following relation : 

27r f, Ls = Rb (15A) 

which states that the inductive reactance of L8 

is equal to the load resistance Rb. This may be 
rewritten as : 

Rb 
L, = 

f 27r , 
(15B) 

Equation (15B) can be used to determine the 
value of series -peaking inductance when the 
value of the load resistance and frequency of 
correction are known. 

All of the above equations, (9) to (15) , have 

been analyzed for the case where 
Ç$ 

= 2. 
C, 

However, as previously mentioned, this ratio is 
not always easy to attain in practice and in 
other cases, this ratio may not be desired. For 
this reason formulas for Rb and L, have been 
derived to cover any ratio between C8 and C;. 
Calling this ratio "S", then from equation (14) 
we have : 

1 
Rb =_ 

25 27r C, 
or 

1 
XCI 

V 2S 

And from equation (11) we have: 

1 
Ls = or 

1/ 2S (27r f e) s C, 

1 

V2S 27r f, 

(16) 

X (17) 

If the shunting capacitances across the load 
resistor in a series -peaking network were 
known and the frequency of correction known, 
then the above formulas could be used to de- 
termine the ñecessary value of Rb and Ls. Let 
us consider the following examples. 

It was found that the response of an R -C 
coupled r -f amplifier dropped at the high - 
frequency end of the curve in the 540-to-1700- 
kc range of the broadcast band. Consequently, 
compensation at a correction frequency of 
1700 kc was desired to increase the band -width 
characteristics. It was found that the shunting 
capacitances existing across the load resistance, 
with a series -peaking coil inserted as in Fig. 
29A, was equal to about 15 mmf and that the 
ratio between C, and C8 was about 2. Under 
these circumstances the value of the load re- 
sistor can be determined by use of equation 
(14) . Thus, with C, = 15 mmf, 
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1 
Rb = 

2 

Rb = 
1 

X X I - 2 27r f e C7 

1 

2 2 X 3.14 X 1700X10'X 15 X 10-'2 

1 1 
Rb = 

2 1.605 X 10-4 

Rb = 3120 ohms 

The value of the series -peaking coil can be 
obtained from equation (15B) . Therefore, 

L" 27r fe 

L, = 

Rb 

3120 

2 X 3.14 X 1700 X 103 

3120 
L, = 

1.07 X 10' 

L, = 2920 X 10-i 
L, = 0.292 millihenry 

From the above analysis it can be stated that 
the load resistor needed is about 3100 ohms and 
the value of series -peaking coil about 0.29 
millihenry. 

Some fundamental properties of series -peak- 
ing compensation compared to shunt peaking 
follow. The former type of compensation gives 
approximately 50% more gain to the circuit 
than shunt peaking, where both circuits are 
compared under the same values of Rb, f e and 
C7. Series -peaking compensating networks offer 
a more linear phase shift to the signal being 
coupled from one stage to another. 

So far two separate high -frequency compen- 
sating networks, namely shunt peaking and series 

Ftc. 31.-This circuit illustrates how series peaking 
and shunt peaking compensation are combined in one 
coupling circuit to give an overall response that is 
better than either one alone. 

peaking, have been considered. The latter type 
of peaking was found to give a better response 
and phase shift than the former, but a combina- 
tion of both of these types can give a better 
response than either one alone. Shown in Fig. 
31 is a typical circuit combining the effects of 
series and shunt peaking with the shunting 
capacitances C, and C, distributed as shown. 
There is greater gain than if shunt or series 
peaking were used alone. It has been found that 
combination peaking can give as much as 75% 
more gain than shunt peaking alone (with 
S = 2, or C, = 2C,). Actually, this means 
that the total effective load impedance is also 
75% greater than that for shunt peaking. 

Referring back to the two receivers men- 
tioned at the beginning of this section, it is 
found that not enough information is obtained 
from these circuits to apply fully the formulas 
from the previous discussion. In other words, 
the values of the shunting capacitances are un- 
known or into exactly what ratio they are 
divided by their series peaking coils. All that 
can be done is to make assumptions of what 
the values may be, apply them to the formulas, 
and see how close the answers will be to the 
values of the components given by the manu- 
facturer. It can be seen that these two circuits 
represent, in one form or another, those studied 
at the beginning of this section and conse- 
quently the analysis applies equally well here. 
The exact method that the designers of these 
models used in determining the values of load 
resistances and peaking coils is unknown, but 
doubtless they used methods similar to those 
previously described. That is to say, practically 
everything depended upon the knowledge of 
the shunting capacitances, and in what relation 
to them the load resistance and peaking coils 
were chosen. There are, however, a few in- 
teresting facts about these circuits that war- 
rant recognition. 

Let us first refer to the Espey Model RR -13L, 
as shown in Fig. 24. In this receiver the load 
resistance on the 7B7 r -f amplifier tube is equal 
to 3300 ohms. It is designated as R,, which is 
the same as Rb used in the previous equations. 
The series peaking coil is designated as L,b, 
which is the same as L, used in the preceding 
discussion. The peaking coil is placed between 
the coupling capacitor C, and signal grid cir- 
cuit of the 14Q7 converter tube. This is similar 
to the circuit of Fig. 29C where the peaking 
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coil L8 is placed in the same position. The stray 
wiring capacitance existing between capacitor 
C5 and ground is therefore added to those 
shunting capacitances existing across the load 
resistor, R5. The 6800 -ohm resistor R, is used 
to "broaden" the peaking effect of the series 
peaking coil Lab. It is explained as follows : 

The peaking coil Lsb is in series resonance 
with those shunting capacitances existing 
across the signal -grid circuit of the 14Q7 tube. 
The resonant effects of the series network is 
such that the peak it produces at the high fre- 
quencies, is decidedly too great ; in other words, 
the Q of the coil is too high. Copsequently, a 
resistor, R,, is inserted across this coil to reduce 
its Q and thus reduce the amplitude of the peak 
that occurs at resonance. The reduction in Q 

is enough to flatten the peak at the frequency 
of correction and make the response curve for 
the entire R -C compensated network level 
enough to give the desired characteristics. The 
output capacitance of the 7B7 r -f tube is about 
7 mmf and the input capacitance of the 14Q7 
tube is about 9 mmf (as found in the tube 
manuals.) These capacitances, added together 
with the stray wiring capacitances existing in 
the circuit around each tube, are the effective 
shunt capacitances of the circuit for which 
coil L5b is compensating. However, the stray 
capacitances in the vicinity of the output of the 
7B7 tube and those in the vicinity of the in- 
put to the 14Q7 tube, are difficult to estimate. 
They vary a great deal according to the method 
of wiring used. Such capacitances, in the 
vicinity of either tube, may vary anywhere 
from 5 mmf to 20 mmf. It is, therefore, obvi- 
ous how difficult it is to apply the previous 
equations to this set, since they are all de- 
veloped on the basis of knowing what the 
values, or the ratio, of the shunting ca- 
pacitances are. 

In the General Electric Model 321 (Early) 
(Fig. 25) , a combination of series and shunt 
peaking is used. The same situation applies 
here as in the Espey receiver with respect to 
applying the previous equations to the actual 
components used in this model. The difficulty 
is again due to the fact that the values of the 
shunting capacities are unknown or at what 
frequencies the designer of the set desired the 
inductances to peak. If the values of the load 

resistance and peaking coils were applied to the 
equations it would be found that they do not 
hold. Even though the exact values of C,, Cr, 
or CT are not known so as to apply them to 
the developed formulas, nevertheless, some 
conclusions can be drawn that will coincide with 
the introduction of this topic. 

First of all, it is known that a certain amount 
of shunt capacitance exists across the output 
of the 12SK7 r -f amplifier and hence across 
the R2-L2 load circuit. These shunt capac- 
itances will therefore be in parallel resonance 
with the inductance L2 at some frequency. The 
values of R2 and L2 are dependent upon the 
shunting capacitance across them and the fre- 
quency at which the circuit is designed to be 
resonant. A similar situation holds true for 
the series peaking coil L4. It is inserted in the 
circuit to isolate the shunting capacitances ex- 
isting between the 12SK7 and 12SA7 tubes and 
also to be in series resonance with that shunt- 
ing capacitance existing across the input to the 
12SA7 tube. 

The exact frequencies for which each coil is 
made to resonate is unknown. It is known, how- 
ever, that such coils are inserted in the circuit 
to peak the response curve and broaden the 
band-pass characteristics of the R -C arrange- 
ment. Consequently, two facts can be deduced 
about this circuit, either of which may be cor- 
rect. Inductances L2 and L4 may both be used 
to peak at the same frequency if the loss at 
some particular high frequency may be quite 
high. Or, the resonant frequency between both 
circuits may differ somewhat to the extent that 
their resonant peaks may be slightly apart. 
This will result in an increase in voltage gain 
at a wider range of high frequencies than if 
both coils were peaked at the same frequency. 

The 270,000 -ohm resistor across the series 
peaking coil L4 is used to broaden the resonant 
peak caused by the series peaking coil L4, sim- 
ilar to that in the Espey receiver. In this cir- 
cuit, however, the resistance is much higher 
and the effective Q of the coil is not reduced 
as much as it was in the Espey model. From 
this fact it can be concluded that there ap- 
parently was a higher resonant peak caused 
by the series peaking coil in the Espey set 
than that caused by the one in the General 
Electric receiver. 
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MECHANICAL ARRANGEMENTS OF I. F. 

TRANSFORMERS IN RECENT RECEIVERS 

In this section are given the exploded views 
of various representative i -f transformers used 
in some of the receivers, schematics of which 
are contained in Volume XV. 

By combining the various capacitors and re- 
sistors in the can with the transformer, the 
manufacturer saves a considerable amount of 
space and avoids some production - line 
troubles. It would appear from this construc- 
tion that the best way to service trouble in the 
i -f stages of a receiver using this type of coils 
would be to replace the entire assembly. The 
R -C network shown in most of the schematics 
of these coils is used for i -f rejection. 

In showing the exploded views, we have in 
all cases depicted the mica insulating plates by 
a single line, and the metal plates by a double 
line. In the schematic drawings, the mica plates 
are shown by the conventional dotted lines. 

The International Detrola Model 571X re- 
ceiver incorporates the i -f rejection filter cir- 
cuit components in the second i -f transformer 
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can in an ingenious manner. The electrical 
schematic of this assembly is shown in Fig. 1A, 
an exploded mechanical drawing of the as- 
sembly is shown in Fig. 1B, and the composite 
mechanical assembly is shown in Fig. 1C. 

The primary and secondary trimmer capac- 
itors are conventional compression mica units. 
As shown in Fig. 1B, the adjustment screws 
of the trimmers make use of the metal washers 
to press the slightly bent spring capacitor plates 
together (A with C and B with D) . The mica 
plates between the washers and the capacitor 
plates, serve to insulate the screws from the 
capacitor plates. The mica plates between the 
capacitor plates are the capacitor dielectric, 
while the mica plates between the capacitor 
plates and the base of the unit insulate the ca- 
pacitors from the brass nuts in the base in 
which the adjustment screw fits. The i -f re- 
jection filter fixed capacitors are circular 
metal and mica plates, which are mounted on 
the hub of the i -f transformer coil -form as - 
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Fio. 1.-The components of the i -f rejection circuit are incorporated in the second i -f transformer can in the 
International Detrola Model 5'71X receiver. 
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sembly, the hub end then being pushed into a 
hole in the base so as to make a compact as- 
sembly. The filter capacitors make use of a 
common plate F connected to B minus, so that 
one capacitor plate is eliminated. The 47,000 - 
ohm filter resistor connected between lugs G 
and E, is mounted entirely within the i -f can. 

The assembly of the i -f transformer and i -f 
rejection filter circuit in this manner permits 
the elimination of two separate mica capac- 
itors by the use of the compact mica and metal 
plates. This is less expensive, facilitates re- 
ceiver assembly, saves space, and permits the 
use of very short leads. 

The Galvin Motorola receiver Model 452 
uses a similar ingenious method of saving 
space. Fig. 2A shows the electrical schematic 
of the second i -f transformer and i -f rejection 
filter assembly incorporated in that set. The 
primary and secondary coils are each shunted 
by a fixed capacitor, H -F and D -B respectively, 
and a trimmer capacitor, H -E and D -A respec- 
tively. The purpose of using both a fixed and 
trimmer capacitor is to obtain the required 
circuit capacitance which is not achieved by 
the trimmer alone, and to obtain the required 
trimming action for which it is not necessary 
to vary the entire shunt capacitance. The pri- 
mary and secondary capacitors save one ca- 
pacitor plate each by making use of common 
plates (H and D) as a plate of both the fixed 
and trimmer capacitors. 
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Fio. 2.-A type of 
construction similar to 
that of Fig. 1 is em- 
ployed in the Motorola 
Model 452 receiver. 

The i -f rejection filter is conventional, con- 
sisting of two low -capacitance fixed capacitors, 
G -C and C -B, separated by a 47,000 -ohm re- 
sistor. The arrangement is so designed that two 
capacitor plates are saved by using plate C 
for both capacitors, and using plate B for one 
of the filter capacitors and for the secondary 
fixed shunt i -f capacitor. Fig. 2B, an exploded 
mechanical drawing of the assembly, and Fig. 
2C, the assembled unit, illustrate the com- 
pactness and simple design incorporated in 
the assembly. It was found when one washer is 
used under the adjustment screw head, the 
turning of the screw caused the washer to turn 
when the screw is tight, thus wearing the mica 
insulator. The use of two washers under the 
screw head as shown, prevents this wearing 
of the mica. 

Somewhat indicative of the fact that this 
method of saving space is becoming more wide- 
spread can be seen in that the Bendix Model 
646A receiver and the RCA Model 56X re- 
ceiver incorporate almost similar electrical cir- 
cuits for the i -f transformer and i -f rejection 
filter as the above Galvin model and employs 
generally the same mechanical assembly of the 
circuit components. Figs. 3A and 4A, the elec- 
trical schematics of these circuits in the Bendix 
Model 646A receiver, and the RCA Model 56X 
receiver respectively, and Fig. 3B and Fig. 4B, 
the mechanical drawings of these assemblies 
and Figs. 3C and 4C, the composite assemblies, 
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FIG. 3.-I -f rejection filter and i -f transformer as used in the Bendix Model 646A receiver. 

TO PLATE 
SL 

OF 
125K7 

E 

TO SCREEN RED 
OF 125K7 
E B+ 

G 

2ND I -F TRANSFORMER 
PRI. SEC. TORE 

TO DIODE 
PLATE RN 4 
12507 

BLACK 

+-{AN 
CHASSIS -BROWN 
GROUND 7// // TO 

YELLOW VOLUME CONTROL 
ARM 

DENOTES 

MICA 

LS LG 

TO VOLUME 
CONTROL 

SCHEMATIC OF 1-F TRANSFORMER 

e. CAPACITOR ASSEMBLY 

FIG. 4A 

VARIABLE 
CAPACITOR 

PLATE 

METAL 
WASHER 

CAPACITOR 
ADJ. SCREW 

(END OF ASSEMBLY) 

ICA 

CAPACITOR 
PLATE 

(START OF ASSEMBLY) 

VARIABLE EXPLODED VIEW OF 

CAPACITOR I -F TRANSFORMER 
PLATE a CAPACITOR SUB -ASSEMBLY 

FIG. 46 

SLOT I 
FOR WEIS F Z N 

SLOT J 
FOR LUG D 

SLOT Al 
FOR LUG E 

SLOT L 
FOR WG O. 

OPENING FOR 
SCREWDRIVER 
ADJUSTMENT 

TO FEH 

TO 6 

SEC 

PRI. 

TO LUGS A C C 

TO B 

COIL FORM PRESS 
HUB -FIT OVER HUD 

SLOT P 
IN ASSEMBLY 

FOR LUS B 

SLOT K 

SLOT O 
(LUGS A C C ARE 

INSERTED HERE 
IN ASSEMBLY) 

1-F TRANSFORMER AND 
CAPACITOR SUB -ASSEMBLY 

ASSEMBLY 
FIG.4C 

Fio. 4.-The RCA Model 56X receiver employs a similar i -f transformer construction as shown in the preceding 
illustrations. 
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do not differ markedly from the respective 
drawings (Figs. 2A, 2B and 2C) for the Galvin 
Model 452. 

It should be noted, however, that changing 
the shape of any of the capacitor plates will 
change the value of the capacitor of which 
that plate is a part. Fig. 3B shows how the 
capacitor plate E had to be shaped, that is cut 
out, in order to obtain a smaller capacity, be- 
tween capacitors D -E and F -E, which are in 
shunt with the secondary transformer coil. 

The Zenith Model 5B042 receiver exhibits 
even more sharply the advantages of assem- 
bling the i -f filter circuit with the i -f trans- 
former. Fig. 5C, the electrical schematic of 
this assembly, shows the transformer primary 
and secondary coils being shunted by trimmer 
and fixed capacitors, as in the receiver models 
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above. The i -f filter circuit consists of the vol- 
ume control and its three shunt capacitors. These 
filter capacitors, however, are made up of the 
three parallel capacitances of the metal and 
mica plates between and including plate C 
to plate F shown in Fig. 5A, the exploded view 
and Fig. 5C, the schematic of the i -f trans- 
former. These parallel capacitances are re- 
quired for bypassing the i -f signal to ground. 
An equivalent simplified circuit showing this 
capacitor assembly is illustrated in Fig. 5D. 
Capacitances C -D, E -D and E -F from the trans- 
former secondary low side to ground, shunt 
the volume control, whereas B -C and B -A are 
the fixed and trimmer capacitors shunting the 
secondary coil of T2. The mechanical draw- 
ing of the entire transformer and capacitor 
assembly is shown in Fig. 5E. 
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FTc. 5.-The i -f filter circuit in the Zenith Model 5B042 receiver consists of the volume control and three shunt 
capacitors, which are built as part of the trimmer across the secondary of the i -f transformer, as shown in the 
above schematics. 
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The Zenith Model 12H090 AM -FM receiver 
is another example of space -saving methods. 
Besides the fairly old and common method of 
dispensing with different r -f and i -f tubes for 
AM and FM reception, this receiver makes use 
of two devices to save a great deal of space. 
The first device, shown schematically in Fig. 
6A, consists of the two AM and two FM coils 
with their four tuning slugs of the first i -f trans- 
former, enclosed in the same i -f .can. The sec- 
ond device is the one previously described of 
making use of thin mica and metal plates as- 
sembled in the coil form base. Fig. 6B shows 
the method of mounting these coils and their 
associated capacitors within the can. 

The sixteen components from the metal bot- 
tom plate to the nut, when assembled, com- 
prise four fixed capacitors in use. The two 
double capacitors, a detailed drawing of which 
is shown in "View A", make up the four ca- 
pacitors. Lugs 5, 7, 8, 1, 4 and 3 serve as the 
connection points to the capacitors. Lug 6 
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serves as the grounding point for the i -f trans- 
former can, and lug 2 is not used in this par- 
ticular assembly. Note that the contact portion 
of lugs 3 and 7 are very small in area. This 
portion of the lug fits directly on the metal 
plate C (View A) and thus forms a small ca- 
pacitance between lugs 3 and 1 and lugs 7 and 
5 for the FM coils; whereas a larger capacity 
exists between lugs 5 and 8 and lugs 1 and 4 
for the AM coils. 

Since this i -f transformer can thus encloses 
all the first i -f AM and FM coils, slugs, and 
shunt capacitors, and since the second, third, 
and fourth i -f transformer cans are similarly 
assembled, a considerable amount of space is 
saved. It is of interest to note on the Zenith 
Model 12H090 schematic (Zenith page 15-91), 
that the second, third, and fourth i -f trans- 
formers include five capacitors, which are as- 
sembled in a manner similar to that described 
for the first i -f transformer. 
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Fca. 6.-In the Zenith Model 
12H090 AM -FM receiver, the i -f 
coils for both AM and FM are built 
into the one assembly. As ex- 
plained in the text, the perforated 
discs form the four fixed capacitors. 
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FEEDBACK IN 

When a portion of a signal-whether it is 
r -f, i -f, or a-f-is fed back from the output of 
one stage to the input of the same stage or any 
preceding stage, then it is said to be a feedback 
signal. In most cases the receiver is designed 
for feedback and special circuits are inserted 
in the set to accomplish the effects of feed- 
back. There are, however, different types of 
feedback that are inherent qualities of certain 
circuits and in most instances these kinds of 
feedbacks are undesired. 

Feedback can be either of two forms. It 
may aid the original input signal (that is, in- 
crease the effective input signal) at the stage 
to which it is being fed back, or it may oppose 
it (that is, decrease the effective input signal) . 

A number of standard terms exist that are 
used to express whether or not the feedback 
signal is aiding or opposing the original input 
signal. Such terms as regenerative feedback, 
regeneration, and positive feedback are used to 
indicate a signal that is fed back so as to aid 
the original input signal. On the other hand, 
such terms as degenerative feedback, degenera- 
tion, negative feedback and inverse feedback 
are used to indicate a signal that is fed back so 
as to oppose the original input signal. When- 
ever any of these terms are used it should be 
understood what type of feedback is being 
considered. 

When reference is made to audio, r -f, or i -f 
feedback signals, it is almost invariably ac- 
cepted that the feedback signal is being re- 
turned to another stage of the same section of 
the set. That is to say, an audio feedback sig- 
nal is returned to some part of the audio system 
of the set. Likewise, an r -f feedback signal is 
returned to some part of the r -f section of the 
set. Of course, a rectified audio signal is fed 
back from the audio stage to the r -f stage as 
an ave signal, but such a signal is considered 
as a d -c feedback voltage. Any reference to 
feedback in this section will be entirely based 
on a -c signals, either of an a -f, r -f, or i -f nature. 
For most general purposes when a feedback 
signal is regenerative, it means that this signal 
is in phase with the original input signal. On 
the other hand, when a feedback signal is de- 
generative, it means that this signal is out of 
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phase with the original input signal. At this 
point, let us consider a few facts relating to 
the term "phase," so that a clearer knowledge 
of what is meant by "out of phase" and "in 
phase" will be known. 

Phase and Phase Relationships 

The term "phase" is used to denote a certain 
relation which exists between two or more 
periodic quantities of the same frequency. A 

periodic quantity is one that is alternating and 
has values recurring at equal time intervals. 
A sine wave is one of the simplest types of 
periodic quantities that can best be used to 
express phase relationships. Likewise since 
the type of periodic quantity used in the radio 
sets of today are sine waves or are composed of 
sine waves, then it follows that all references 
herein will be to such a wave. 

In Fig. 1 is shown a typical sine wave. Note 
how the wave varies {alternates) above and 
below a certain reference level, called the zero 
axis. This wave is periodically alternating 
above and below the zero axis by 3 units; 
which units can be expressed either as voltage, 
current, or power. The time it takes to com- 
plete one alternation of the sine wave before 
it repeats itself periodically is called a cycle of 
the wave. Instead of representing time inter- 
vals along the wave by actual time in seconds 
or fractions thereof, the commonly accepted 
method is to express time in degrees. One 
cycle of a wave is completed in 360 degrees, 
one-half the cycle is completed in 180 degrees, 
etc., as shown in Fig. 1. When a cycle of the 
sine wave repeats itself, two cycles on the wave 
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1.-Two cycles of a typical sine wave. Note that 
time is indicated in degrees, one cycle of the wave being 
completed in 360°. 
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have occurred with the same amplitudes at cor- 
responding points. In this latter case the "time" 
taken to complete the two cycles is expressed 
as 720° (degrees) . If the sine wave was to 
repeat itself continually, each cycle would be 
adding another 360° to the time axis. 

Since the second cycle is no more than a 
repetition of the first, then when time reference 
is made to a periodic function, such as the 
sine wave under discussion, it will be best to 
refer it as some value between 0 and 360°. 
This is so because the time difference between 
the advancing cycles of a sine wave are no 
more than an integer multiple of 360° and 
each cycle is exactly the same shape as the 
others. When there is reference to a frequency 
as 500 cycles per second, it means that for 
every second of time the sine curve undergoes 
500 separate cycles. In other words, it takes 
1/500 (or .002) of a second to complete one 
cycle. Since each individual cycle is completed 
in 360 degrees, regardless of its frequency, just 
one cycle can be considered as representative 
of a series of cycles; hence only the time be- 
tween 0 and 360 degrees need be considered. 

What would happen if two sine waves of the 
same frequency but of different amplitudes and 
starting at the same time were injected into a 
circuit at the same point? Since both waves 
start at exactly the same time, it means that 
when the positive half cycle of one wave travels 
through 0° to 180°, then the positive half cycle 
of the other wave also travels through 0° to 
180°. The same can be said about their nega- 
tive half cycles which vary between 180° to 
360°. This is illustrated by a drawing as shown 
in Fig. 2. 

It is readily seen how both sine waves Nos. 
1 and 2 start at exactly the same time and 
pass through their maximum and minimum 
values at the same instant of time. Under such 
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FIc. 2.-Sine waves Nos. 1 and 2 have the same fre- 
quency but different amplitudes, and are in phase. Wave 
No. 3 is found by adding the amplitudes of Nos. 1 and 
2, and so is greater than either of the two. 

a circumstance, the curves will be additive, 
and the total input signal to the circuit in 
question will be greater than either one alone. 
This is illustrated by the heavy solid line, curve 
No. 3 in Fig. 2. From the above analysis it is 
seen how one signal can aid another signal and 
that together both signals offer a greater am- 
plitude than either one alone. 

If curve No. 2 is a signal voltage that is fed 
back from the output of a circuit to the input 
of another where the signal voltage of curve 
No. 1 exists, then the signal voltage of curve 
No. 2 is said to be in phase with that of curve 
No. 1. This is so because the signal voltage of 
curve No. 2 is aiding (i.e. additive in ampli- 
tude) to that of curve No. 1. In this respect 
the signal voltage (curve No. 2) fed back is of 
a regenerative nature with regard to that volt- 
age already existing at `the input source. Con- 
sequently, when a feedback voltage is regenera- 
tive it is said to be in phase with the original 
input signal. 

If the fed -back signal voltage had a sine - 
wave characteristic that started its cyclic 
movement at a different time than that signal 
voltage existing at the input, then something 
different would happen. This is explained by 
the curves of Fig. 3. The same two sine waves 
Nos. 1 and 2 are used as the representative 
curves. Curve No. 1 is the sine wave existing 
at the input to a certain stage. Note that it 
starts its positive half cycle at the 0° reference 
point. Curve No. 2 is the sine wave of the 
feedback signal. The starting point of the posi- 
tive half cycle of this latter curve is at point 
A or 180° later than the starting point of curve 
No. 1. However, at the same time curve No. 1 
starts its positive half cycle, curve No. 2 starts 
its negative half cycle. Under these circum- 
stances, when curve No. 1 reaches its positive 
maximum, curve No. 2 reaches its negative 
maximum ; and likewise at the same instant 
curve No. 1 reaches its negative maximum, 
curve No. 2 reaches its positive maximum. Con- 
sequently, when both of these curves exist at 
the same point, their effects will be exactly op- 
posite to that represented in Fig. 2. In other 
words, the resultant sine wave, which is the 
final effective input voltage, is such that its 
amplitude is less than the original input signal. 
In this respect the fed -back signal voltage is 
of a degenerative nature, since this latter sig- 
nal opposes the original input signal. Therefore 
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when a feedback signal is degenerative (as il- 

lustrated in Fig. 3), it is said to be out of 
phase with the original input signal. For most 
general purposes degenerative feedback in this 
section will be considered as being 180° out of 
phase with the original input signal, as illus- 
trated in Fig. 3. Since Fig. 3 represents pure 
subtractive sine curves, then a degenerative 
signal is also said to be opposite in phase to 
that signal already existing at the input circuit. 

From the above analysis it can be concluded 
that such terms as 180° out of phase and op- 

posite in phase, describe the phase relationship 
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F1c. 3.-Sine waves Nos. 1 and 2 are 180° out of 
phase. Wave No. 3 is found by subtracting the ampli- 
tudes of the two waves and therefore has a smaller 
amplitude than either No. 1 or No. 2. 

of degenerative feedback signals. Likewise, in 
phase represents the phase relationships of re- 
generative feedback signals. 

Some Advantages and Disadvantages 
of Feedback 

It was stated previously that sometimes 
feedback is desired and at other times it is not. 
From the preceding discussion it was shown 
that regenerative feedback increases the ef- 

fective input signal to a stage and that degen- 
erative feedback decreases the effective input 
signal to the stage. In either case there are 
definite advantages and disadvantages accord- 
ing to what part of the radio set the feedback 
occurs and, naturally, whether or not the feed- 
back is desired. 

Regenerative feedback is often used to in- 

crease the gain of a stage because the gain with- 
out feedback is not strong enough to operate 
the set satisfactorily. Regenerative feedback is 

also used in special circuits to increase only 
the bass notes and not the treble. There are 
also instances where regenerative feedback is 

an inherent quality of the set and the amount 
of feedback is so great that it produces oscilla- 
tions in amplifier tubes, thus overdriving the 
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tube. This sometime occurs where a set is sup- 
plied by a common power supply. The power 
supply has a common impedance to all the 
tubes it supplies and if the filtering action of 
the power supply filter capacitors is unsatis- 
factory, then an audio signal may be coupled 
back to some stage through this common im- 
pedance of the power supply. Usually it is the 
output audio signal that is fed back to some 

audio amplifier stage, causing audio oscillations 
in the coupled stages and a resulting "singing" 
noise. 

Degenerative feedback is used more often 
than regenerative feedback. The primary pur- 
pose of using degenerative feedback (very 
commonly called inverse feedback) in the dif- 
ferent stages of the many radio sets, is to re- 
duce distortion, reduce noise, and improve the 
flatness of the frequency -response characteris- 
tic. This type of feedback and the results it 
produces are readily evident when a cathode by- 

pass capacitor is removed from across the 
cathode biasing resistor of an amplifier. For 
instance, if the cathode bypass capacitor was 
removed from an audio output stage the follow- 
ing would happen : 

The signal currents that were originally by- 

passed around the cathode resistor by the ca- 

pacitor will now flow through this resistor. By 

virtue of the intrinsic qualities of any tube, 
the signal voltage appearing on the cathode is 

in phase with that appearing on the signal grid 
of the same tube. This is because as the signal 
voltage on the grid goes in the positive direc- 
tion, the current through the tube (the cathode 
current) increases. Conversely, as the signal 
voltage goes in the negative direction, the 
cathode current decreases. Now, when the 
cathode current increases, the voltage drop 
across the unbypassed cathode resistor also in- 
creases; and when the cathode current de- 

creases, the cathode voltage will decrease. In 
a sense, then, although the average bias due to 
the cathode resistor may not vary when a sig- 

nal is impressed on the grid, the bias at any 
one moment does change in step with the 
changes of the grid signal voltage. Conse- 

quently, the input signal voltage to the signal 
grid of the tube is reduced by the amount of 

signal voltage drop appearing across the ca- 

thode resistor. With this reduction in effective 
input voltage to the tube, the gain will be 

reduced. 
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In most general cases, however, the reduction 
in gain can be sacrificed especially if the tube 
has high gain characteristics. Along with the 
reduction in gain, there are other features 
which are very advantageous : these are re- 
duction in distortion and noise, and a flatter 
frequency response. Also accompanying these 
desired features, degenerative feedback allows 
for greater stability to the tube with changes 
in operating voltages. Sometimes the removal 
of a cathode bypass capacitor does not introduce 
enough degenerative feedback and it must be 
obtained by different methods. There are num- 
erous ways of obtaining degenerative feedback, 
as well as regenerative feedback, and some of 
the more interesting found in the schematics 
appearing in Rider's Volume XV, will be dis- 
cussed later on. 

To understand fully the topic of feedback it 
will be best to study it from a generalized view- 
point instead of any one particular type. From 
this aspect such related topics as what controls 
the amount of feedback, how the gain of the 
stage is affected, and a few others will be more 
clearly understood. Fig. 4 represents a block 
diagram of any amplifying feedback circuit 
where E, is the original input signal. The am- 
plifying circuit has a total gain equal to the 
letter A. The output signal from this amplify- 
ing circuit is designated as E0. 

In order that there be feedback from the 
output circuit to the input circuit, some of the 
signal output has to be coupled back to the 
input circuit. The sort of coupling arrange- 
ment is of no consequence at the moment, but 
what is important now is to realize that some 
type of coupling arrangement has to be used to 
feed back a portion of the output signal to the 
input circuit. In other words, the feedback 

TOTAL EFFECTIVE 
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coupling arrangement takes only a fraction of 
the output signal and returns it to the input 
circuit. This fraction is designated by the 
Greek letter ß (beta) and the portion of the 
output signal fed back is designated ßE0. 

The gain of any system whatsoever is given 
by the ratio of the output voltage divided by 
the original input voltage. In order to compute 
the gain of such a stage as in Fig 4, a few 
points should be understood. The total effective 
input voltage is the original input voltage E, 
plus the feedback signal ßE0. (Whether the 
signal fed back is of a degenerative or regen- 
erative nature will soon be seen). The output 
voltage E0 of the system is equal to the gain of 
the stage A multiplied by the total effective in- 
put signal. Consequently we have, mathema- 
tically represented, the following : 

E0=A (E,+ ßE0) (1) 
Multiplying equation (1) out, it is found that: 

E0 - AE, + AßE0 (2) 

Rearranging equation (2), 

E0 - AßE0 = AE, (3) 
Factoring E0 out of equation (3), 

E0 (1-Aß) = AE, (4) 
Solving equation (4) for E0, we have 

AE, 
E0= 

1 -Aß (5) 

If both sides of an equation are either multi- 
plied or divided by the same quantity, the 
significance of the equation will remain un- 
changed. Consequently, if both sides of equa- 
tion (5) are divided by E, we have: 

E0 A 

E, 1 -Aß 

where 
E,-is 

equal to the total gain of the feed - E, 

Eo back system, thus: 

Fra. 4.-Block diagram of any feedback circuit which illustrates that a fraction ß of the output signal Eo 
is combined with the input signal E, to form the effec- 
tive input signal. 

(6A) 

A 

1 -Aß 
(6B) 

Equation (6B) is the fundamental relation 
for the total gain of any amplifier feedback 
system. If the type of feedback in question is 
regenerative, then the value of ß used is posi - 

Total gain of feedback system= 
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tive and equation (6B) remains as it is shown 
above. If the feedback, however, is degenera- 
tive, then the value of ß used is negative and 
the denominator of equation (6B) becomes 
1 + Aß. In the circuit to be discussed the 
amount of regenerative feedback voltage is not 
large and the denominator of equation (6B) 
will always be less than one (1) for this case 
whether positive or negative in value. 

OUTPUT 
SIGNAL 

EI 

ORIGINAL 
INPUT SIGNAL 

lao° 

° 

DEGENERATIVE FEEDBACK 
COUPLING CIRCUIT 

F>c. 5.-In a degenerative feedback circuit, the output 
signal is 180° out of phase with the input and the 
fraction ß is considered as negative. 

As a simple example of how the equation can 
be used to calculate the gain of a feedback 
system consider the following: 

If the gain A of an amplifier without feed- 
back is equal to 20, (i.e. the output voltage E0 

is equal to 20 times the input voltage E1) and 
the amount of voltage fed back to the input 
signal grid is equal to 1/30 of the output volt- 

age, then A = 20 and ß = L. If the feedback 

is degenerative, as represented by Fig. 5 (the 
output signal is 180° out of phase with the 
input signal on the grid), then ß will equal 
-1/30 and the gain of the feedback system 
will be as follows : 

Total Gain of Degenerative 
Feedback System 1+ Aß 

(since ß is negative) 
20 

20 

1+20X 1 /30 I -F.2 5/3 
3 

A 

20 

Total Gain of Degenerative 
Feedback System 

12 

Consequently the gain of the degenerative feed- 
back system is seen to be reduced to 12. In the 
circuit of Fig. 5, the feedback is degenerative 

because the signal existing in the output of the 
tube is 180° out of phase with that existing at 
the input to where the signal is fed back. 

In the circuit of Fig. 6, two amplifiers are 
employed to illustrate regenerative feedback. 
Assuming an input signal of 0° existing on the 
grid of tube V,, then the signals existing on 
the other elements of the tubes will be as 
shown in Fig. 6. Consequently, the signal fed 
back from the output tube Vq to the input of 
the first stage, tube V will be regenerative. 
Therefore if ß is equal to 1/40 (and positive in 
nature) and with the gain A of the complete 
two -stage amplifier system without feedback 
equal to 20, then : 

Total gain of regenerative 
feedback system - 1- Aß 

A 

20 20 20 

1- 20 X1/40 1- 1/2 = 1/2 

Total gain of regenerative 
feedback system 

Consequently the gain of the regenerative sys- 
tem under discussion is equal to 40. 

jEo 

160° 

= 40 

° 

V1 
0°E 

o ^ 
,eo 

REGENERATIVE 
FEEDBACK COUPLING 
CIRCUIT 

R. 

1/40 

Eo 

R 

Fio. 6.-In a regenerative feedback circuit, the output 
signal is in phase with the input and the fraction ß 
is considered to be positive. 

All of the feedback circuits to be discussed 
in this section will be relative to amplifiers, but 
since oscillators are essentially feedback cir- 
cuits a few words about them will not be amiss. 

In the special section on "Oscillators" it was 
shown how an oscillator tube returned some of 
its output voltage to its input circuit, in the 
proper phase relation, to sustain oscillations. 
Since this feedback voltage had to sustain oscil- 
lations because of the loss in power due to the 
resistance in the circuit, it had to aid the signal 
existing at the input to the oscillator and there- 
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fore had to be regenerative. In this respect, 
there had to be a proper phase reversal of the 
signal in the output circuit (i.e. the signal had 
to undergo a 180° phase shift) in order that 
this signal be fed back to the input circuit in 
phase for regenerative feedback. This was ac- 
complished by the transformer network of the 
tickler -coil oscillator and by the effective auto - 
transformer networks of both the Hartley and 
Colpitts oscillators. 

Hoffman Model A 301 

In the audio system of the Hoffman Models 
A301, A500, and A501, a 6SQ7 tube is used as 
a second detector-aye-first audio, and a 
6K6GT/G tube as an audio power -output tube. 
With this system, it was found that there was 
an undesired amount of audio distortion in the 
loudspeaker output. Consequently, an inverse 
feedback arrangment was introduced into the 
audio system to reduce the unwanted audio dis- 
tortion. This circuit is illustrated in Fig. 7. 
The feedback path is from the secondary of the 
output transformer through the 330 -ohm feed- 
back coupling resistor R13, to the cathode of 
the 6SQ7 tube. The reason why it is negative 
feedback may not, at first, be readily evident. 
A few things about this circuit should be 
understood before the feedback is shown to be 
degenerative. 

By now it should be known that there is a 
180° phase shift between the signal existing 
on the plate with respect to that signal existing 
on the signal grid. In other words, the signal 
on the plate is in opposite phase with that 
existing on the signal grid. Therefore if a 
signal of zero degrees is assumed existing on 
the grid of the 6SQ7 tube, then a signal 180° 
out of phase will exist on the plate of the same 
tube. The 180° output signal from the plate of 
the 6SQ7 tube is injected into the signal grid 
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circuit of the 6K6GT/G tube. Consequently a 
zero -degree signal now exists on the plate of 
this latter tube. 

Next, the output transformer T5 is wound 
in such a manner that the signal voltages ap- 
pearing at points A and D are in the same 
phase. 

Finally, since a zero -degree signal exists on 
the plate of the 6K6GT/G tube, there also is a 
zero -degree signal at point A on the primary of 
T5. In view of these above facts, there is a 0° 
signal at point D of the secondary of T5. 

It is from this point D, that the feedback 
voltage is fed back to the 6SQ7 cathode. Since 
a 0° signal exists at point D, it causes the 
cathode voltage of the 6SQ7 to rise and fall 
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Fio. 8.-Simplified schematic of Fig. 7 illustrating the use of a voltage -divider network, resistors R12 and RI3. 

in step with the grid signal voltage. As was 
explained above, this is what happens when 
a large unbypassed cathode resistor is used; 
consequently, the signal fed back is degenera- 
tive. The 330 -ohm resistor R13 limits the 
amount of feedback voltage returning to the 
6SQ7 tube and resistor R13 in conjunction with 
the 47 -ohm cathode resistor R12 forms a volt- 
age -divider network determining the amount of 
voltage fed back. That is to say resistor R12, 
in conjunction with R13, determines the value 
of ß used in the previous equations. This is 
more easily seen in the feedback circuit that is 
redrawn shown in Fig. 8. 

The output signal voltage appearing across 
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circuit employed in the audio amplifier of the Hoffman Model A301. 
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the secondary of the output transformer is de- 
signated as Ea. This voltage is applied across 
the voltage divider network consisting of R12 
and R13; consequently, a certain amount of 
voltage drop occurs across both R12 and R13. 
The voltage drop across R13 is given as follows : 

Voltage drop across R13 = R13 
XE0 R12+R13 

330 

.47 + 330 
XE0 Eo_ 

330 
XE0 

377 

_ .876 Ea 

The voltage drop across R12 is then given by 

Voltage drop across R12 = R12 

R12- R13 
XE, 

47 
X Et, 

.47 + 330 

47 
XE0 377 

.124 E 

The voltage drop across R12 can also be 
found, if the drop across R13 is known; that is, 
the voltage drop across R12 is equal to the dif- 
ference between the total applied voltage Eò 
and that voltage drop across R13. In other 
words : 

Voltage drop across R12 = E0-.876E, 
= (1-.876) Eo 

= .124 E,, 

which is the same answer as that above. 
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That signal voltage drop appearing across 
the cathode resistor R12 is the feedback volt- 
age effectively appearing at the grid circuit of 
the 6SQ7 tube as an out -of -phase signal. From 
the above analysis, it is found that ß, the frac- 
tion of the output voltage fed back, is equal to 
.124 or about 1/8. Consequently, the amount of 
degenerative voltage fed back is equal to about 
one -eighth of the total output signal voltage 
appearing across the secondary of the output 
transformer. 

A word of importance relative to the output 
transformer is necessary, especially if repairs 
are made on this model and the output trans- 
former has to be removed. As seen in Fig. 7, 
one end of the secondary, point C, is grounded 
and the phase of the signal existing at each 
point established. If a new transformer or one 
that has been repaired, is installed, it is import- 
ant that the proper end of the secondary be 
grounded. If it is not, then instead of the 
feedback signal being negative, the feedback 
signal will be positive and this is undesired. 

Zenith Model 6D014 

In the Zenith Models 6D014 and 6D029, a 
similar feedback arrangement is used as that 
discussed in the previous models. A portion of 
the output voltage from the secondary of the 
output transformer is fed back to the first 
audio stage, as shown in Fig. 9. The feedback 
in this instance is regenerative, and the signal 
is fed back directly to the grid circuit of the 
12SQ7GT first audio stage. The regenerative 
feedback can be easily seen by tracing a signal 
from the grid of the 12SQ7GT tube straight 
through to the speaker. 

C13 
T. 0005 

B- 

470 K 

JVA/` 
R10 

270 K 

C16 
.01 

POWER 

OUTPUT AMPL 
35L6G/GT 

180° 

R8 
470 K 

o 

OUTPUT 
TRANS. 

c° ÇBic 
_ C 

9.-In the Zenith Models 6D014 and 6D029 regenerative feedback is used to increase the low -frequency 
signals. 
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Assuming that a 0° input signal is injected 
onto the grid circuit of the 12SQ7GT tube 
through the volume control R6, then a signal 
of 180° appears on the plate of the tube due to 
the phase inversion accomplished within the 
tube itself. Tracing this signal further, it is 
found to be coupled to the grid of the 35L6G/GT 
power output amplifier through the coupling 
capacitor C16, and most of the signal appears 
across the grid -leak resistor R8. This R -C 
coupling arrangement offers negligible phase 
shift to the 180° signal appearing on the plate 
of the 12SQ7GT tube and consequently an 180° 
signal also appears on the control grid of the 
35L6G/GT tube. Once again, by virtue of the 
phase inversion within a tube, a 0° signal ap- 
pears on the plate of the 35L6G/GT tube. Since 
point A of the output transformer is common 
to the plate of the 35L6G/GT tube, a 0° signal 
also appears at point A. 

By virtue of the phase inverting qualities of 
a transformer, as previously mentioned, a 180° 
signal exists at point C and a 0° signal at point 
D of the secondary of the output transformer. 
From point D a certain amount of voltage is 
fed back to the grid circuit of the 12SQ7GT 
tube through the 270,000 -ohm feedback limit- 
ing resistor R10, the feedback circuit being 
indicated by the heavy lined path. From re- 
sistor R10 the feedback signal currents flow 
through R7, part of the volume control R6, 
through CI4, and to the grid circuit of the 
12SQ7GT tube. 

Since the original input to the grid circuit 
of the 12SQ7GT was a 0° audio signal and the 
signal fed back to the same grid also of the 
same phase (zero degree), then it follows that 
the feedback is regenerative. In other words, 
the original input and signals fed back are of 
the same phase and aid each other. This is 
indicated by the curves of Fig. 2 where curve 
No. 3 is the resultant input signal, which is 
seen to be greater than either signal alone. 

125QOGT 

ORIGINAL AUDIO 
N UT SIGNAL 
00 

R7 R10 
22K J 270K 

o, 
SECONDARY 
OF OUTPUT 
TRANS. 

10.-Simplified schematic of the circuit of Fig. 9. 

"HOW IT WORKS" 

The value of the feedback factor ß is difficult 
to estimate from this circuit due to all the com- 
ponents that are relatively in the feedback 
arrangment. However, if a simplified circuit 
of the feedback network is redrawn, as shown 
in Fig. 10, a few points of interest will be noted. 

This feedback network is primarily intended 
to cause regeneration at low audio frequencies; 
consequently, it is termed a "bass -booster" net- 
work. The total output audio signal that ap- 
pears across the secondary of the output trans- 
former also appears across points D and K of 
Fig. 10, and the voltage is designated as E°. 
This voltage is divided between the voltage di- 
vider network of C15 and R10. The reactance 
of the .04-mf capacitor C15 is so small at the 
high audio frequencies compared to the re- 
sistance of R10 that practically all of the volt- 
age appears across R10. Consequently, a negli- 
gible amount of voltage appears across C15 
and there is effectively no regeneration at the 
high audio frequencies. In other words, it can 
be said that capacitor C15 bypasses the high 
audio notes to ground because of the small 
amount of reactance it offers at these frequen- 
cies. For instance, at a high audio frequency 
of 3000 cycles, the reactance of C15 is equal 
to 1325 ohms. According to this value of re- 
actance only about one half of one percent of 
the total available output voltage E°, which is 
negligibly small, is impressed across C15. 

At the low audio frequencies, however, the 
reactance of C15 increases and a greater 
amount of the output voltage E°, is developed 
across this capacitor. For instance, at 100 
cycles the reactance of C15 is eequal about 
40,000 ohms. At this frequency the amount of 
output voltage appearing across C15 is about 
14.6% of E°. This is quite different from the 
voltage appearing across C15 at 3000 cycles. 

Resistance R7 and that section of the volume 
control between points G and F, are a further 
voltage divider network to the signal voltage 
existing across C15, or between points J and E. 
The amount of resistance between points H 
and G of the volume control R6 is equal to 
300,000 ohms and that between points G and F 
equal to 200,000 ohms. The 300,000 -ohm re- 
sistance of the volume control is in series with 
a high -impedance path, point X, to ground. 
This total series network is effectively in 
parallel with the 200,000 -ohm section of the 
volume control. However, the total series net- 
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work offers too high an impedance, and prac- 
tically all of the feedback signal current flows 
through the 200,000 -ohm portion of the volume 
control. Consequently, the effect of the high - 
impedance path is considered to be negligible. 
Therefore, the amount of voltage appearing 
across the 200,000 -ohm section of the volume 
control is equal to about 91% of the total avail- 
able signal between points J and E. (9% of this 
latter voltage is dropped across R7) . 

The variable arm V of the control determines 
how much voltage is to be fed back by tapping 
off a certain portion of the voltage between 
points G and F. That voltage appearing across 
the volume -control arm and point F is im- 
pressed across the voltage divider network of 
C14 and R4. The reactance of the .004-mf ca- 
pacitor ,14 at 100 cycles is about 400,000 ohms, 
but in conjunction with the 15,000,000 -ohm re- 
sistor R4 very little voltage is dropped across 
C14. In fact, at 100 cycles the amount of volt- 
age drop across C14 is about 21/2 % of the total 
signal voltage appearing between the variable 
arm of the volume control and point F. Conse- 
quently most of this latter voltage, 971/2 % of 
it, appears across R4 and is impressed onto the 
grid circuit of the 12SQ7GT tube. 

As a final analysis, it will be interesting to 
know how much of the output voltage E°, 
across the secondary of the output transformer, 
is impressed across R4 at some specific low 
audio frequency. Since a frequency of 100 
cycles was already used and percentage values 
at this frequency available, therefore, these 
values will be used again. The amount of volt- 
age appearing across C15 at 100 cycles is about 
14.6% of E5, as stated previously. That signal 
voltage appearing across the 200,000 -ohm tap 
of the, volume control R6, (between points G 

and F) is equal to about 91% of that voltage 
across C15. Therefore, .91 X .146 Eo is equal 
to .133 E0, and it can then be stated that 13.3% 
of Eo appears across points G and F of the 
volume control. The amount of this latter volt- 
age, 13.3% of Ea, that is available for the volt- 
age divider network of C14 and R4 is deter- 
mined by the variable arm (V) of the volume 
control. In other words, if the variable arm is 
anywhere between point G and F, then it con- 
trols the amount of feedback voltage fed to the 
voltage divider network of C14 and R4. If the 
arm is considered to be at point G, then all of 
the voltage across points G to F is available 
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for C14 and R4. From the previous discussion, 
R4 has a voltage drop that is 971/2 % of that volt- 
age appearing across points G and F; there- 
fore, .975 X.133 E° is equal to about .13 E°. It 
can then be stated that the amount of available 
voltage of E0 to be fed back to the signal -grid 
circuit of the 12SQ7GT tube, under the above 
circumstances, is equal to about 13% of Eo. It 
should be remembered that this voltage Eo is 
that audio signal appearing across the second- 
ary of the output transformer. 

Olympic Model 6-617 

In the Olympic Models 6-617 and 6-617U a 
negative feedback design in the output audio 
stage is used to increase effectively the bass 
notes of the set. The circuit for this arrange - 
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Fie. 11.-Degenerative feedback action is obtained in 
the Olympic Models 6-617 and 6-617U by feeding the 
output of the 6V6GT/G back to its control grid over 
the path indicated by the heavy lines, thus reducing the 
gain of the high frequencies. 

ment is illustrated in Fig. 11. It will be noticed 
that the feedback is wholly confined within the 
6V6GT/G last audio stage. The actual feed- 
back path is from the output of the 6V6GT/G 
tube (plate) through a 1.5-megohm resistor and 
.001-mf capacitor feedback coupling arrange- 
ment, then through a .005-mf coupling ca- 
pacitor (that is part of the RC coupling ar- 
rangement between the two audio stages) and 
then onto the 6V6GT/G control grid. 

If an assumed 0° audio signal exists on the 
control grid of the 6V6GT/G tube, then a sig- 
nal of 180° appears on the plate of the same 
tube. Consequently, if some of this plate signal 
is fed back to the grid circuit, the feedback 
signal will be out of phase with the original 
signal existing on the grid and the feedback 
will therefore be degenerative. The .001-mf 
capacitor, however, offers a varying degree of 
reactance with change in frequency. As the 
audio frequency increases, the reactance of the 
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capacitor decreases and therefore the capacitor 
offers a more ready path for the high fre- 
quencies than for the low frequencies. Since 
the feedback is degenerative, it follows that 
the high audio frequencies will be reduced in 
gain, while the low or bass audio frequencies 
will remain unchanged. Since degeneration re- 
duces the overall gain of a stage at certain de- 
sired high frequencies, then distortion of these 
high audio frequencies is likewise reduced. 

Since the gain at the high frequencies is 
reduced by the feedback arrangement, the gain 
at the low audio frequencies is therefore effec- 
tively increased. In view of this fact a type of 
feedback arrangement as that shown in Fig. 11 
is often termed a "bass -booster" circuit. It 
will be recalled that the feedback arrangment 
of Fig. 9 was likewise called a bass -booster 
circuit, even though that had a regenerative 
effect, whereas the circuit of Fig. 11 is de- 
generative. In the former case, the gain at the 
low frequencies is increased and in the latter 
case the gain at the high frequencies is de- 
creased; therefore in both cases the gain at 
the low frequencies is effectively increased. 

Sears Roebuck Model 6100 

In all of the previous receivers discussed, 
the feedback circuits analyzed were completely 
in the audio sections of the sets. In the Sears 
Roebuck Model 6100, however, a feedback sys- 
tem is used in the i -f section. This feedback 
circuit is illustrated in Fig. 12. The type of 

I -F 
INPUT SIGNAL 

T2 
2ND I -F 
TRANS. 

o 
180° 

L 

Fio. 12.-The degenerative feedback arrangement in the Sears Roebuck Model 6100 in which the output of the tube is transformer -coupled back to the screen grid. 

feedback used is degenerative, although it may 
not be readily evident. The gain of this i -f sec- 
tion without feedback (the combination of the 
6SK7GT tube and i -f transformer) is too high 

"HOW IT WORKS" 

for the proper operation of this set and con- 
sequently a reduction in this gain is desired. 
The amount of reduction desired is not too 
great and so a unique method of degenerative 
feedback is used. 

If a 0° signal is assumed to be injected into 
the control grid of the 6SK7GT amplifier, then 
a 180° signal appears on the plate of the same 
tube. Since point A of the second i -f trans- 
former T2, is connected to the plate of the 
6SK7GT tube, then a 180° signal also exists at 
point A. Consequently, a 0° signal exists at 
point B, the other end of the T2 primary. Be- 
low the primary of T2 is another coil, desig- 
nated as L, which is the feedback element in 
this circuit. By virtue of the phase inversion 
between transformer -coupled coils, a 180° sig- 
nal exists at point C of the feedback coil L. 
Since point C of this coil is connected to the 
screen grid of the 6SK7GT tube, then an 180° 
signal appears on this grid. 

Up to this point it is seen that a 0° signal 
exists on the control grid of the 6SK7GT tube 
and an 180° signal exists on both the plate and 
screen grid. It should be remembered, however, 
that the signal on the screen is obtained by 
virtue of feedback action. With the feedback 
in the circuit as shown, the screen grid effec- 
tively acts as another control grid. In other 
words, the feedback signal to the screen grid 
is high enough to make the screen grid act as a 
control grid and consequently varies the current 
flowing within the tube. Due to the feedback 
signal on this latter grid, a signal appears on 
the plate of the tube which is opposite in phase 
to that signal existing on the screen grid. Since 
the feedback signal on the screen is at 180°, 
then a 0° signal will appear on the plate. There 
already exists, however, an 180° signal on the 
plate by virtue of the action of the input (con- 
trol) grid. 

The situation is such that due to the 180° 
feedback signal on the screen grid, there is a 
0° signal on the plate which is in opposition to 
the 180° signal already existing on this plate. 
Consequently, the feedback signal is degenera- 
tive in nature, because it produces a signal on 
the plate which is opposite in phase to that 
signal already on the plate, thereby causing a 
reduction in output voltage, and hence a re- 
duction in gain. 
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PHASE INVERSION IN PUSH-PULL AMPLIFIERS 

To obtain greater and better audio output, 
as well as to realize several other advantages 
to be mentioned later, many of the modern 
radio receivers employ push-pull audio circuits. 
This art is not new, having been used for many 
years ; however, it has been customary in the 
past to accomplish the conditions required in 
such audio systems by the use of transformers. 
Modern design is often beset by economical 
limitations, wherein a certain result is desired, 
yet the financial expenditure must be kept to a 

minimum. This is done by the use of resistor - 
capacitor combinations instead of trans- 
formers, so that although the number of com- 
ponents used is actually increased, it is done 
at much less cost than if transformers were 
used. To permit the application of this ar- 
rangement, a circuit combination known as 
"phase inversion" is employed. 

To appreciate properly the significance of 
phase inversion, a general understanding of 
push-pull operation must be had ; consequently, 
we shall spend a few minutes in the discussion 
of this circuit as the preface to the ultimate 
purpose of this description. In brief, push-pull 
operation consists of a pair of triode or multi - 
element vacuum tubes, either individual or con- 
tained in a single envelope and so arranged 
electrically that signal voltages of equal magni- 
tude but of opposite "phase" are applied 
simultaneously to the individual signal grids. 
For the moment, the manner in which these 
signal voltages are obtained in the grid circuit 
is not important, but we shall assume that 
they are supplied by a center -tapped trans- 
former as shown later on. Whatever the grid 
bias applied to the grids, it is the same for 
both. 

The plate circuit of the push-pull stage also 
connects to a center -tapped transformer, so 

that like values of operating plate voltage are 
applied to the plates of the tube. The two halves 
of this plate transformer primary are identical 
in electrical characteristics, so that electrical 
symmetry 'or balance exists in the plate circuit 
and likewise in the grid circuit. This is es- 

sential in all push-pull circuits in order to real- 
ize the advantage of the system. Stated dif- 
ferently, we might say that the first require- 

ment in all push-pull circuits is that like grid 
voltages, operating, as well as signal, exist 
on the grids of the tubes. 

Having established circuits and voltage sym- 
metry, the next consideration is the action 
which takes place in this amplifying stage. 
Doubtless you recall one of the paramount 
fundamental actions which takes place in all 
triode or multi -element vacuum tubes as am- 
plifiers, this being the so-called "phase inver- 
sion" accomplished between the grid and plate 
circuits. To present this part of the discussion 
in this limited space properly, it will be well 
to review an interesting condition associated 
with amplifying vacuum tubes. 

In general, amplifying vacuum tubes are used 
with either no negative operating grid Bias or 
with some value of negative operating grid 
bias. Now if a signal voltage is applied mo- 
mentarily to the control grid, it will change 
the voltage relationship between the grid and 
its electron emitter, either making the grid 
more or less negative depending entirely on the 
instantaneous polarity of the signal voltage. 
This action often is referred to as "increas- 

ing" or "decreasing" the grid potential ; by 
"increasing" being meant that the grid is made 
less negative, and by "decreasing" is meant 
that the grid is made more negative. These are 
the references to be used in this discussion and 
in order to make them clear, we felt that this 
brief fundamental explanation was necessary. 

Referring once more to the "phase inversion" 
which takes place between the grid and plate 
circuits, this comes about in the following man- 
ner : when the grid voltage is increased mo- 
mentarily, the plate current is increased and 
the voltage drop across whatever conducting 
devices are located in the plate circuit likewise 
increases. Since the plate voltage supply source 
is constant in its output, the voltage momen- 
tarily effective at the plate is decreased. Since 
the increase in grid voltage represents a "posi- 
tive" signal voltage, the momentary decrease in 
plate voltage represents a "negative" signal 
in the plate circuit. Of course, the reverse is 
true, that when the grid voltage momentarily 
decreases, representing a "negative" signal 
voltage, the plate current decreases and the 
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voltage drop across whatever conducting ele- 
ment is in the plate circuit, likewise decreases, 
thus raising the momentary voltage effective 
at the plate. Therefore, a "negative" signal 
voltage at the grid produces a "positive" signal 
in the plate circuit. This action is identified 
broadly as "phase inversion" between the grid 
and plate circuits. 

Referring once more to the push-pull system, 
two simultaneous actions are found in the 
control -grid and plate circuits. In the control - 
grid circuit, each grid receives a like value of 
signal voltage; but when one grid is positive, 
the other grid is negative. Stated differently, 
the two signal voltages applied to the grids are 
180° out -of -phase at every instant but equal 
in magnitude. In turn, the two signal voltages 
developed in the plate circuit likewise are 180° 
out -of -phase with each other and also with their 
respective grid voltages. Because of the sym- 
metry in the plate circuit, the two out -of -phase 
signal voltages developed across the respective 
halves of the transformer primary are equal in 
value. 

In order to accomplish these characteristic 
features of amplification most economically, 
phase inversion is employed ahead of the out- 
put stage. In Fig. 1 is shown a simplified sche- 
matic common to practically all push-pull cir- 
cuits. In this circuit, the phase inversion is 
seen to be already accomplished, and that the 
voltages applied to the two grids are equal in 
strength and opposite in polarity or 180° out - 
of -phase (note the + and - signs on the con- 
trol grids) . This means that at the time a 
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Fco. 1.-A simplified push-pull circuit in which the output transformer has a center -tapped primary winding. 

"HOW IT WORKS" 

maximum positive audio signal is on the con- 
trol grid of tube VI, a maximum negative 
audio signal is on the control grid of tube V2. 
In order to make the rest of the system function 
properly, the two tubes used have to be identi- 
cal in electrical characteristics. The same sup- 
ply voltages must be impressed on each screen 
grid (if the tube is a tetrode or a pentode) and 
also both cathodes have to be above ground (if 
self -biasing is used), by the same amount. 

Phase Inversion Action 

The phase -inverted signals are controlled in 
such a manner that the instant the signal volt- 
age on the control grid of tube Vi is a positive 
maximum, the signal voltage on the control 
grid of tube V2 is a negative maximum. In 
this respect the a -c plate current of tube Vi 
will be increasing to its maximum and at the 
same time the a -c plate current of tube V2 will 
be decreasing to its lowest value. These a -c 
plate currents have certain relations toward 
each other that are beneficial to the set. First 
of all, these currents are flowing in such a 
manner that they will produce voltages in the 
secondary of the output transformer that are 
in the same direction, thus increased power out- 
put is obtained. Secondly, the wave shapes of 
these output voltages are such that when they 
are added together no even harmonics will be 
in the combined output voltage and hence there 
is elimination of the second and all other even 
order harmonic distortion. The reason this is 
possible is because the sum of the individual 
output voltages will have shapes that contain 
only positive and negative half cycles that 
differ only in sign, not in amplitude. We find 
that the d -c output plate currents from the 
push-pull tubes will be flowing in opposite di- 
rections in their particular half of the tapped 
primary winding of the output transformer. 
Due to this means of output current flow, d -c 
saturation of the transformer core is prevented. 
Because the plate currents magnetize the core 
n opposite directions, the magnetizing effects 

cancel each other, thereby preventing d -c sat- 
uration of the core, thus a greater amount of 
plate current can be drawn through the push- 
pull output transformer than could be obtained 
with a conventional output transformer using 
a single output tube. 

Any a -c hum voltages that find their way 
into the push-pull plate circuits will be sys- 
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tematically eliminated and no hum will appear 
in the output, because the a -c hum currents 
that flow in both sections of the primary of the 
output transformer will balance each other. 
The reason for this is that when the a -c hum 
voltages are in the plate circuit they are of 
the same phase and instead of becoming addi- 
tive, they balance each other out by producing 
currents of opposite directions in the primary 
of the push-pull output transformer. This, of 
course, applies to a -c hum produced only in 
this push-pull stage, as mentioned, because if 
the a -c hum appears in the other stages of the 
set, it will be incorporated as part of the audio 
signal, and therefore, will be heard in the 
output. 

Another beneficial feature, due to the balanc- 
ing effect in the output transformer circuit, is 

that there is no fundamental audio frequency 
flowing through the source of plate supply. 
Therefore, no degeneration can occur and con- 
sequently, a cathode bypass capacitor is not 
needed to shunt the cathode biasing resistor. It 
may be found, however, that some sets do use 
a cathode bypass capacitor in their push-pull 
circuits. The reason it is used at all, is to make 
doubly sure that if there be any discrepancy 
whatsoever in the matching of component parts 
for push-pull circuits, the capacitor would by- 
pass any undesired fundamental signal cur- 
rents that might possibly flow through the 
cathode biasing resistor. Therefore, when the 
capacitor is used, it is employed as a precau- 
tionary means only. 

This type of audio power -output amplifica- 
tion (push-pull) is used in a very great many 
radio sets because of the following advantages : 

a) Reduction of harmonic distortion by can- 
celling out the second harmonic and all even 
order harmonics. 

b) Greater power output for the same voltage 
input than that obtainable with a single tube. 

c) Larger plate currents can be drawn through 
the push-pull output transformer than or- 
dinarily can be obtained in a single tube 
output stage. 

d) Reduction of a -c hum voltage that appears 
in the push-pull stage only. 

e) Filtering by a cathode bypass capacitor 
across the cathode biasing resistor is not 
needed to avoid feedback difficulties as us- 
ually is employed in the class A push-pull 
output amplifier. 

In order to make as near an ideal operating 
push-pull system as possible, it is most im- 
portant to obtain good phase reversal to the 
input of the system. In the past, the most 
common method of obtaining phase reversal 
was to have an input push-pull transformer be- 

tween the output of the last a -f stage and the 
input of the push-pull system, as shown in Fig. 
2. In this way, the audio signal from the volt- 
age amplifier is impressed across the primary 
of the input push-pull transformer and coupled 
across the center -tapped secondary. Since the 
secondary is center -tapped, a phase reversal 
occurs in the signal appearing across the sec- 

ondary such that the input to one of the control 
grids of the push-pull tubes is 180° out -of - 
phase with the other. In modern receivers, 
however, the tendency is to . omit the input 
push-pull transformer, mainly because of the 
great amount of space it occupies ; therefore, 
numerous circuits in push-pull operated re- 
ceivers accomplish their phase reversal by some 

other means. In most of these circuits some 
form of phase -inversion tube is used, and this 
tube is commonly known as a phase inverter. 
In the following paragraphs numerous phase - 
inverter circuits will be discussed that are en- 
countered in many of the radio sets on the 
market today. 

In order to understand phase -inverter cir- 
cuits, the operation of a vacuum tube with re- 
spect to the relationship between the voltages 
applied to the grid and current in the plate 
circuit, must be understood. Because of tube 
characteristics, a signal voltage applied to the 
grid of a tube will cause a current flow in the 
plate circuit of that tube, which will at all 
times be 180° out -of -phase with the signal 
voltage. 

1ST AUDIO 
VOLTAGE AMPLIFIER 

B+ 

Flo. 2.-The common push-pull circuit employs an 
input transformer with tapped secondary as well as an 
output transformer, as in Fig. 1. 
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In the accompanying discussion of phase in- 
version circuits, it will be easier at times to 
refer to signals as being plus (+) and minus 
(-) with respect to phase reversals and at 

other times to refer to these signals as having 
a definite phase reversal of 180°. In this latter 
aspect, the phase reversal referred to will be 
between 0° and 180° for the sake of simplicity. 

Motorola Model CR6 

In the Galvin Motorola Model CR6, a 
6SQ7GT tube is used as a phase inverter, as 
shown in Fig. 3. The inverter tube, which is a 
duo -diode triode has both diode plates grounded 
and only the triode portion is used. Since the 
idea for proper push-pull operation is to obtain 
equal but out -of -phase voltages applied to the 
control grids of the 6V6GT push-pull power 
amplifiers from the preceding audio stages, this 
receiver employs the following circuit : 

From the plate of the first -audio tube (the 
triode portion of the upper 6SQ7GT tube in 
Fig. 3) a signal voltage is impresssed onto the 
control grid of the top 6V6 power amplifier 
through C21. Assuming this voltage to be zero 
degrees, then it can be said an audio signal of 
zero -degree phase relation is impressed across 
the grid -leak resistance network as used by the 
top 6V6 tube. Now since the grid -leak resistors 
R20 and R21 of the 6V6 power amplifiers are 
not equal, then some of this zero -degree signal 
(from the top 6V6 tube) effectively is tapped 
off this grid -leak resistor combination and ap- 
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plied as an input signal to the grid of the 
6SQ7GT phase -inverter tube. By virtue of the 
tubes properties, the input zero -degree signal 
is amplified somewhat and it appears on the 
plate of the phase -inverter tube as an am- 
plified signal, but out -of -phase by 180° with 
the input to its grid. This 180° signal is in turn 
impressed across the control grid of the lower 
6V6 push-pull tube through capacitor C25. 
Therefore it is seen how the input to the con- 
trol grids of the 6V6 push-pull tubes are out - 
of -phase with each other. The factors determin- 
ing the equality of the magnitude of the a -c 
voltages applied to the grid of the 6V6's are 
the values of R20, R21, and the amplification of 
the phase -inverter tube. The grid of the phase - 
inverter tube receives a certain amount of audio 
signal from the grid circuit of the top 6V6 
tube according to the ratio of R20 to R21. In 
this case, the difference between R20 (220,000 
ohms) and R21 (270,000 ohms) being 50,000, 
this is the determining factor of the amount of 
voltage to be impressed across the grid of the 
phase -inverter tube. The amount of this input 
voltage together with the gain of the inverter 
stage, makes the input signal voltage to the 
lower 6V6 push-pull tube equal to that input 
signal voltage of the top tube. 

Spiegel Model W-106 

In the Spiegel Model W-106, Fig. 4, the 
phase inversion is similar in most respects to 
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Fia. 3.-The tr i o d e 
portion of the lower 
6SQ7GT tube is used as 
a phase inverter in the 
Motorola Model CR6. A 
portion of the input to 
the upper 6V6GT tube 
is fed to the grid of the 
phase - inverter tube 
The output signal of 
this tube is 180° out of 
phase with the input to 
the upper 6V6GT tube, 
but the voltages of 
these two signals are 
equal. Hence, the input 
signals to both power 
output tubes are the 
same amplitude but op- 
posite in phase. 
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the Motorola set just discussed. In this Spiegel 
set, the phase inversion is accomplished simi- 
larly by an inverter tube, type 76. 
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FTc. 4.-The output of the 76 phase -inverter triode 
is impressed on the control grid of the lower 41 power - 
output amplifier tube in the Spiegel Model W106 
receiver. 

The grid circuit of the 76 phase -inverter 
tube is tapped across a certain portion of the 
grid -leak resistance (R10 plus R11) of the top 
41 push-pull tube. The grid of the phase -in- 
verter tube, therefore, receives a certain 
amount of the signal impressed across the grid 
of the top push-pull amplifier. This signal is in 
turn amplified and undergoes a phase reversal 
between the grid and plate of the phase -in- 
verter tube. Therefore, the output signal from 
the plate of the phase -inverter tube is 180° 
out -of -phase with that signal at the input of 
the top 41 push-pull tube and this signal re- 
versed in phase is now impressed across the 
control grid of the lower 41 push-pull tube. 

The controlling factors that determine the 
equality of the applied out -of -phase voltages to 
the push-pull grids are the ratio of R10 to R11 
and the amplification of the 76 phase -inverter 
tube. That is to say, the input to the 76 tube 
multiplied by the gain of this inverter stage 
should be approximately equal in voltage to 
that input voltage to the top 41 push-pull tube. 

Zenith Model 12H090 

In the push-pull circuit of the Zenith Model 
12H090, as shown in Fig. 5, the inverter system 
is slightly different from those previously dis- 
cussed. In this system, the audio output from 
the plate of the first -audio tube is impressed 
onto the grid circuits of the 6J5GT phase -in- 

verter tube and the lower 6V6GT push-pull 
tube No. 2. 

The amounts of audio signal impressed 
across the grid circuits of these tubes are dif- 
ferent, that amount going to the phase -inverter 
tube being controlled by the voltage -divider 
network R29, R27, and R32. In other words, 
the total audio -output voltage from the first - 
audio stage is impressed across R29, R27 and 
R32 to ground. That drop occurring across 
R27 (47,000 ohms) in series with R32 (33 
ohms) is impressed onto the grid of the phase - 
inverter tube. This drop is 

47,000 + 33 

330,000 + 47,000 + 33 

or approximately one -eighth of the total avail- 
able audio voltage. Assuming the phase relation 
on the grids of both the phase -inverter tube 
and No. 2 6V6 push-pull tube to be a zero -de- 
gree signal, then that amplified signal appear- 
ing at the plate of the phase -inverter tube is 
180° out -of -phase with the signal on the phase - 
inverter grid; therefore it is also 180° out -of - 
phase with the signal on the grid of No. 2 push- 
pull tube. This amplified signal from the phase - 
inverter plate is impressed across the control - 
grid circuit of the top No. 1 6V6 push-pull tube. 
Consequently, the push-pull control grids of 
the 6V6 tubes have 180° out -of -phase signals 
impressed across them. 

This set was designed so that a certain 
amount of input signal is fed into the phase - 
inverter tube (about one -eighth of that im- 
pressed across the No. 2 push-pull tube) and 
this signal would be amplified by the tube. The 
input signal in conjunction with the amplifica- 
tion of the phase -inverter tube made the signal 
voltage on the grid of the No. 1 6V6 push-pull 

6JSGT 
PRASE INVERTER 

AUDIO INPUT 
PROM PLATE CES 

AUDIO 
AMPLIFI FR 
TRIODE SECT. .02 
OF 63A OT Tuft 

6+ 

Cº6 

6T 6GT NO.1 
DOWER AMPL. 

6V6 GT NO.2 
POWER AMNL. 

14- 

F1c. 5.-The output of the 6J5GT phase inverter is 
applied to the control grid of the upper 6V6GT power 
amplifier in the Zenith Model 12H090. 

www.americanradiohistory.com



152 RIDER'S VOLUME XV "HOW IT WORKS" 

tube approximately equal in magnitude to that 
impressed across the grid of the No. 2 6V6 
push-pull tube but 180° out -of -phase with it. 
In all of the sets using a phase -inverter tube 
it must be remembered that the amplification 
of the tube is controlled by the voltages applied 
to all of its terminals and, therefore, the volt- 
ages have to be adjusted for the desired am- 
plification needed. 

RCA Model Q34 

In the RCA Model Q34 as shown in Fig. 6, 
a dual-purpose tube is employed which func- 
tions as a phase inverter and one section of the 
push-pull system. This tube is the 6AD7G. The 
pentode section of this tube is used as one part 
of the push-pull system and it is similar in 
electrical characteristics to a 6F6G tube. Since 
the push-pull output tubes have to be as identi- 
cal in electrical characteristics as possible, this 
is the reason why the second half of the push- 
pull system uses a 6F6G tube. The triode sec- 
tion of the 6AD7G tube functions as a phase 
inverter. The complete system functions as 
follows : 

Assuming a positive input signal is coming 
from the plate of the first -audio tube, it is then 
impressed across the resistors R25 and R26. 
This in turn impresses the total positive signal 
on the control grid of the pentode section of 
the 6AD7G tube. The grid of the triode phase - 
inverter section of the 6AD7G tube is tapped 
between the two grid resistors R25 and R26. 
The inverter grid then receives a certain per- 
centage of the positive signal applied across 
R25 and R26. The amount impressed is de - 

R26 
termined by the ratio of times the 

R26 + R25 

AUDIO INPUT 
FROM PLATE 
OF 151 AUDIO 

TUBE REF 
530k 

REFS 
4201( 

627 
16011 

6AD7G 
PLIASE INVERTER 

OUTPUT 

6F6G 
2+ - 

OUTPUT 

FIG. 6.-In this RCA Model Q34, the triode portion 
of the 6AD7G output tube is used as a phase inverter. 

available signal voltage - and it is measured 
as the voltage drop across R26. The positive 
signal on the phase -inverter grid undergoes 
a phase reversal within the tube and there ap- 
pears an amplified (negative) signal on its 
plate. This negative signal is then impressed 
across the grid -resistor R11 of the 6F6G tube 
through C46. In this manner, the control grid 
of the 6F6G tube receives a negative signal as 
compared to the positive signal on the control 
grid of the 6AD7G, the other half of the push- 
pull network. The application of equal, but out - 
of -phase, voltages to these push-pull control 
grids are derived similar to the previously dis- 
cussed push-pull inverter circuits. This can 
be better illustrated, however, with a few sim- 
ple figures. 

Assuming the signal voltage applied across 
the grid -leak resistors R25 and R26 to be 10 
volts, then 10 volts (positive) audio signal ap- 
pears on the control grid of the pentode push- 
pull section of the 6AD7G. The voltage appear- 
ing on the grid of the phase -inverter section of 
the 6AD7G tube is, by virtue of the voltage 
drop across R26: 

R26 120K 

R25 + R26 
X 10 = X 10 = 

120K + 330K 

120 

450 X 10 = 2% Volts 

In order for there to be a 10 -volt (negative) 
signal on the control grid of the 6F6G tube, 
then the amplification of the phase -inverter 
triode section of the 6AD7G tube must be : 

Amplification X 2% = 10 Volts or 
10 

Amplification = -= 3% 
2% 

Therefore, with a grid -leak combination of R25 
and R26 as shown ¡n Fig. 6 and with an as- 
sumed 10 volts on the grid of the 6AD7G pen- 
tode section, the potentials of the triode 
inverter section is such that the tube will have 
a gain of 3%. 

Brunswick Model BJ6836 

In the Brunswick Model BJ6836, a duo -triode 
6SN7GT tube serves as a second -audio volt- 
age amplifier and a phase inverter, as shown 
in Fig. 7. The second -audio voltage amplifier is 
resistance coupled from the first -audio voltage 
amplifier (a 6J5 tube). Both triode units 
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of the 6SN7GT tube have practically the same 
electrical characteristics. 

From the plate of the audio -amplifier section 
of the 6SN7GT, the audio signal is impressed 
across the grid of the upper 6V6GT push-pull 
amplifier. Part of that audio signal that is im- 
pressed across the total grid -leak resistance, 
namely that signal voltage across the 100,000- 

1¡2 6SN7 GT 
SECT. I. 

2ND AUDIO AMP. 

AUDIO 
INPUT : 

1/2 65N7 GT 
SECT. 2 

PNASEINVERTER 

e+ 

6V6 GT 
POWER AMPL 

6V6 GT 
POWER AMPL. 6+ 

Fla. 7.-In the Brunswick Model BJ6836 one-half of 
the 6SN7GT tube functions as the phase inverter, the 
other half being the second a -f amplifier. 

ohm part of the grid -leak resistance, is im- 
pressed onto the grid of the inverter section 2 

of the 6SN7GT tube. The signal appearing on 

the plate (pin 5) of the inverter section of the 
6SN7GT is opposite in phase of that signal on 

its grid. This phase -inverted signal appearing 
on the plate of the inverter section is then im- 
pressed across the grid of the lower 6V6GT 
push-pull amplifier tube. 

Therefore, it is seen easily how the phase in- 

version in such a system is accomplished. The 
application of equal, but out -of -phase voltages 
on the control grids of the push-pull tubes is 

controlled, as usual, by the amount of signal - 
voltage drop across the 100,000 -ohm grid -leak 
resistor and the amplification of the inverter 
section of the 6SN7GT tube. This voltage 
(which is impressed across the grid of the in- 

verter) multiplied by the amplification of the 
inverter section of the 6SN7GT tube is that 
signal voltage impressed across the lower 
6V6GT push-pull tube. This amplified signal 
has to be equal in voltage to that output from 
the audio -voltage amplifier section of the 
6SN7GT tube, which in turn is impressed across 
the top 6V6GT push-pull tube. The accom- 
plishment of equal voltages is more easily ob- 

tained in this instance since both halves of the 
6SN7GT tube have equal plate voltages ap- 

plied to them, making the output characteris- 

tics of each half of the 6SN7GT tube dependent 
upon the signal input to their separate grids. 

General Electric Models X181 and XC181 

In the General Electric Models X181 and 
XC181 series there is a unique phase -inversion 
circuit. The method of obtaining equal and out - 
of -phase signal voltages on the control grids 
of the 6V6 push-pull tubes will be understood 
easily if the instantaneous polarities of the 
signal voltage are considered. First it will be 

best to understand how the out -of -phase signal 
voltages reach the control grids of the 6V6 

push-pull tubes, and then, the method of mak- 
ing these out -of -phase voltages equal will be 

considered. 
Referring to Fig. 8, the instantaneous signal 

current is shown by the arrows for a specific 

instant of time, flowing from the plate of the 
6J5 phase -inverter tube. The signal current 
flows from the plate through the plate load re- 

sistor R22 and back to the cathode, flowing 

through the R21 and R20 cathode resistors to 

complete its path. Current flowing toward a 

resistor, R21 for example, makes the grounded 
end negative, and after flowing through the 
resistor, makes the upper end positive with re- 
spect to the grounded end. Therefore, it can be 

seen that with the signal current flowing, as 

shown, a negative potential is on the plate side 

of the loading resistor of the 6J5 tube and a pos- 

NA FIÑVÉ iERs 

FROM 6SQ7 iST 
AUDIO PLATE 

5+ 

Chi 

6V6 GT/6 
OR 6V6 OUTPUT 

RSO 

1000,- 

6V6 6T/6 OR 
61/6 OUTPUT 5+ 6+ 

FEO. 8.-The signal impressed on the grid of the 
upper 6V6 tube through C63 and R30 is 180 degrees 
out -of -phase with the signal applied to the grid of the 
lower 6V6 tube through C64 from the cathode resistors 
R20 and R21, in this General Electric Model X181, 
XC181. 

itive potential on the other side. Similarly, the 
potentials on the cathode resistors R20 and R21 

are designated as such due to the returning 
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signal current. Consequently, there exists a 
negative signal across the load resistor R22 of 
the 6J5 phase -inverter tube and at the same 
time a positive signal exists across the cathode 
resistors. In other words, out -of -phase signals 
are across the plate load and the cathode load 
at any given instant of time. Therefore, from 
the plate of the 6J5 phase -inverter tube, the 
signal is impressed across the control grid of 
the top 6V6 push-pull tube through C63, and 
from the cathode of the 6J5 phase -inverter 
tube, the signal (appearing across the cathode 
resistors) is impressed across the control -grid 
circuit of the lower 6V6 push-pull tube. In this 
way, out -of -phase signals are applied to the 
control grids of the 6V6 push-pull power -out- 
put tubes. 

Since the signal current flows through both 
the plate -load resistor R22 and the cathode re- 
sistors R20 and R2.1 (there is no bypass ca- 
pacitor across the cathode resistors), it be- 
comes feasible to obtain equal signal voltages 
on the control grids of the push-pull 6V6's. 
If the plate -loading resistor and the total 
cathode -loading resistance are made equal then 
the signal current flowing through both loads 
will cause a voltage drop in each load that will 
be equal to each other. The respective out -of - 
phase, but now equal, voltages are impressed 
across the control grids of their respective - 
push -pull tubes. 

Two Types of Coupling Used 

A few interesting things are worth noting 
about this 6J5 phase -inverter tube. First of all, 
it uses two types of coupling, namely, the 
regular resistance -capacitance coupling (R22, 
C63) in the plate circuit of the 6J5 tube and 
cathode coupling (utilizing R20, R21, and 
C64) in the cathode circuit. This latter type of 
coupling is relatively new in the field of broad- 
cast receivers and finds one of its greatest 
uses in the phase -inverter circuit as described 
here. Due to this latter method of coupling, the 
gain of the 6J5 stage can never be greater than 
unity (one) and at most it can only approach 
such a value because a gain of one, for such a 
phase -inverter stage (sometimes called a 
"phase -splitting network") , only is realized 
ideally. This can best be explained by noting 
a few facts about the effects of the cathode 
resistor. 

First, when any bypass capacitor is removed 

"HOW IT WORKS" 

from across a cathode -biasing resistor, a signal 
voltage appears across the cathode -biasing re- 
sistor, which is impressed effectively onto the 
grid circuit of the same tube. This signal is 
out -of -phase with the signal already existing 
on the grid thus causing degeneration. In 
other words, we have inverse feedback. (See 
section on "Feedback".) The actual effective 
signal voltage now appearing on the grid of the 
tube is the difference between the original 
input signal and the signal appearing across 
the cathode -biasing resistor. In the circuit of 
Fig. 8 the same is true; degenerative feedback 
occurs in the 6J5 phase -inverter tube. Since 
the effective signal voltage appearing between 
the grid and cathode of this tube is equal to 
the input signal voltage less the a -c voltage drop 
across the cathode resistance, then this voltage 
drop (which is one part of the output voltage) 
cannot be greater than the original input volt- 
age. Since the output of the 6J5 tube (that 
across R20 + R21 and R22 since they are both 
the same) is less than the input to the same 
tube, then the gain can never be greater than 
unity. Even though thé gain is less than one, 
degenerative feedback benefits such a circuit. 
Since the grid of the 6J5 tube is returned to the 
junction of the two cathode resistors R20 and 
R21, through its grid -leak resistor R19, then 
the bias on the tube is due only to the d -c volt - 
tage drop in resistor R20. 

As was stated before, for equal output volt- 
ages, the plate -load resistance and the total 
cathode -loading resistance should be equal. If 
Fig. 8 is examined, it appears as though this 
were not so because the plate -load resistor R22 
is 33,000 ohms and the total cathode resistance 
is 32,700 ohms, (R20 + R21) . There appears 
to be a discrepancy of 300 ohms but if one real- 
izes that the values of resistances are standard 
values, it will be difficult to get an exact dupli- 
cate of two resistances R20 and R21 adding up 
to 33,000 ohms. The closest values obtainable 
for matching load were used. However, with 
the tolerance of 10% that is common to most 
resistances used today, it can be considered a 
close match for equality of loads because the 
300 -ohm discrepancy constitutes only 1% of the 
total 30,000 ohms load as compared to the 10% 
tolerance allowed. 

Sparton Model 7-46 

In the Sparks-Withington, Sparton Model 
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7-46, etc., as shown in Fig. 9, there a type of 
phase -inversion circuit is incorporated that 
does not use a separate phase -inverter tube. 
The phase -inversion and the means of obtain- 
ing equal voltages is accomplished by the 
6F6G/GT push-pull tubes themselves. 

AUDIO 
VOLTAGE C31 

R27 

PLATE OFD moon 
7B6 1ST .05 
AUDIO 

SECTION 

6F6 G/GT 
OUTPUT 

R19 
47OK 

6F6 G/GT 
OUTPUT 

Fco. 9. The screen -grid current of the upper 
6F6G/GT push-pull amplifier develops a voltage drop 
in R18, which voltage is 180 degrees out -of -phase with 
the input to the upper tube from R27; thus, the signal 
input to the lower 6F6 tube control grid has been 
reversed 180 degrees. 

Upon examination of this circuit, it will be 
noted that audio voltage from the plate of the 
first -audio section of a 7B6 tube is impressed 
onto the grid circuit of the top push-pull 
6F6G/GT tube. With a constant supply volt- 
age on both the screen grid and plate of the top 
6F6 tube and with a varying input signal, both 
the plate and screen -grid currents of this tube 
increase and decrease at the same time with 
respect to the input signal. Accordingly, as- 
suming a positive input signal on the control 
grid of the top 6F6 tube, a 180° phase reversal 
will occur within the tube itself and a negative 
signal will appear on both the plate and screen 
of the tube. From the screen grid of this top 
6F6 tube part of the negative signal voltage 
is injected onto the control grid of the lower 
6F6 push-pull tube. In this manner, out -of - 
phase signal voltages are impressed across the 
control grids of the push-pull amplifier tubes. 

In order to have the signal voltages that are 
impressed upon the push-pull control grids 
equal in magnitude, then the signal -voltage 
output from the screen grid of the top 6F6 tube 
(that signal voltage impressed across the lower 
6F6 tube) must equal that signal voltage on the 
grid of the top 6F6 tube. This is accomplished 
by having the proper loading resistor on the 
screen grid of the top 6F6 tube. In the circuit 
under question, the screen loading resistor R18 
is 2000 ohms and the a -c signal voltage drop 
across this resistor is just enough to equal that 

signal voltage on the control grid of the top 
6F6 tube. The a -c signal drop across the 2000 - 
ohm resistor is then impressed onto the control 
grid of the lower 6F6 tube. 

Minerva Model W-117-3 

In the Minerva Model W-117-3, the phase - 
inversion is obtained within the push-pull sys- 
tem itself, similar to the way it was accom- 
plished in the preceding set. As seen in Fig. 10, 
the Minerva set uses two 50A5 tubes as their 
push-pull power -output section of the set. The 
audio -signal input to the grid of the top 50A5 
tube is received conventionally from the plate 
of the first -audio section of a 6SQ7 tube. 

Assuming a positive input signal on the con- 
trol grid of the top 50A5 tube, then a negative 
signal appears on the plate of the same tube 
by virtue of the phase -inverting qualities with- 
in the tube itself. Some of this negative signa' 
appearing on the plate of the top 50A5 push- 
pull tube is taken off the plate and impressed 
onto the control grid of the lower 50A5 push- 
pull tube. The path this signal takes is from 
the plate of the top 50A5 tube through the 
470,000 -ohm resistor and then across the R -C 

combination of a 100,000 -ohm resistor in 
50A5 

OUTPUT 

AUDIO INPUT 
FROM PLATE 

OF 6507 IST 
AUDIO STAGE 

Fco. 10.-A portion of the plate current from the 
upper 50A5 output tube in the Minerva Model W117-3 
is fed through the R -C combination, (100,000 ohms and 
.001 mf) to ground and thence to the control grid of 
the lower output tube, thus reversing the input through 
180 degrees. 

parallel with the .001-mf capacitor. The nega- 
tive signal is then impressed across the con- 
trol grid of the lower 50A5 tube to give an 
out -of -phase signal as compared to that on the 
control grid of the upper 50A5 push-pull tube. 

The amount of signal voltage applied to the 
control grid of the lower 50A5 tube is de- 

termined by the 100,000 -ohm resistor, the 
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470,000 -ohm resistor and both .001-mf capa- 
citors. The signal voltage developed across the 
parallel combination of the 100,000 -ohm re- 
sistor and .001-mf capacitor is in turn devel- 
oped across the R -C coupling combination of 
the .001-mf coupling capacitor and 470,000 - 
ohm grid -leak resistor. 

An illustration will make this somewhat 
clearer. In Fig. 11, the input circuit to the 
lower 50A5 push-pull circuit is redrawn. As- 
suming that an instantaneous signal voltage e 
is developed across points A to B, then this 
same voltage also exists across points A to D 
since points B and D are both at ground po- 
tential. Between points A and D two com- 
ponents are in series, namely Cb and R From 
the junction between Cb and R, a lead goes 
to the control grid of the lower 50A5 tube. 
Therefore, Cb and R, represent a voltage -di- 
vider network for the total signal voltage ap- 
pearing across them both and that part of this 
instantaneous signal voltage e that is impressed 
across the grid of the tube, is the drop across 
the resistor R, In other words, the capacitor 
Cb is so chosen that its reactance, compared to 
the resistance of R will be such that the volt- 
age developed across the 470,000 -ohm resistor 
R, is equal to the signal voltage applied to the 
control grid of the top 50A5 tube. 

The reason why emphasis was made pre- 
viously upon the Re-Cb combination is that the 
capacitor Cb is small (.001 mf) compared to 
those used in other sets and, therefore, its re- 
actance is very much higher, causing a large 
enough drop in the signal voltage applied, to 
be considered as part of a voltage -divider net- 
work. However, since the signal voltage repre- 
sents a varying degree of different audio fre- 
quencies and since the reactance of the 

A 

R1 
SOO K 

BOA 5 
LOWER OUTPUT 

TUBE 

Fio. 11.-Simplified circuit of the input to the lower 
50A5 output tube in Fig. 10. 

"HOW IT WORKS" 

capacitor Cb will vary with frequency, the volt- 
age drop caused by this reactance will vary 
also. In this respect, the audio -response curve 
will not have as level a characteristic as pos- 
sible, because at low audio frequencies the 
reactance of Cb is higher than that at high 
audio frequencies and the curve for the audio - 
response characteristics will show a definite 
decline at the low -frequency end. In order to 
compensate for this unevenness in audio re- 
sponse, a second .001-mf capacitor C, is used 
and it is shunted across the 100,000 -ohm re- 
sistor R,. The compensation is seen readily 
when one considers the total impedance offered 
by the R, -C, network at different audio fre- 
quencies compared to the reactance of Cb at 
these same frequencies. At low audio fre- 
quencies, the capacitor Cb has a sufficiently 
high reactance to cause a decided drop in the 
response curve at the low end, and the insertion 
of the capacitor C, compensates for this drop 
in response. Since the total available audio 
signal to the control grid of the lower 50A5 
push-pull tube is determined by the total im- 
pedance of the R, -C, parallel network, the avail- 
able voltage also varies since the impedance of 
this network changes with varying audio fre- 
quencies due to the reactance of the capacitor 
C, changing with frequency. As the frequency 
goes up the reactance of Ci goes down, and 
the resistor R, is in parallel with a lower re- 
actance at higher audio frequencies. The pa- 
rallel combination of R, -C, then offers an over- 
all impedance that decreases with increase in 
frequency, since any two impedances in parallel 
offer a total impedance smaller than the small- 
est impedance. Since the total impedance of 
R, -C, decreases with frequency, then the signal 
voltage drop across the R, -C, combination, 
the greatest drop being determined by the high- 
est amount of impedance offered, also decreases 
with increase in frequency. Although the ten- 
dency of this type of circuit is to reduce the 
overall gain available in the input to the 50A5 
lower push-pull tube, the frequency response 
becomes flattened. This drop in gain is, how- 
ever, satisfactory since the values of all com- 
ponents are so chosen that the input to the 
control grid of the lower 50A5 tube equals that 
signal voltage on the control grid of the top 
50A5 tube. It will be found that when the 
capacitor Cb (in conjunction with Re) dis- 
criminates against low audio frequencies, the 
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combination of R, -C discriminates against 
high audio frequencies and the complete cir- 
cuit acts together to keep the total frequency 
response at a constant level. 

Testing Phase Inverters 

In making the following tests, it is desirable 
to feed a weak audio signal into the grid of 
the audio tube with the volume control set at 
maximum ; otherwise, tune in on a weak signal 
and set the volume control at maximum. In 
any case, DO NOT OVERLOAD the receiver. 

One of the simplest and best methods of 
testing to determine whether the phase -inverter 
circuit is operating normally is to measure the 
a -c voltage at the grids of the push-pull output 

A -C VOLTAGE AT 
GRID OF ONE 
OUTPUT TUBE 

RESULTANT 

A -C VOLTAGE AT 
GRID OF OTHER 
OUTPUT TUBE 

Fio. 12.-When sine -wave voltages impressed on the 
control grid of the push-pull tubes are equal, and 180 
degrees out -of -phase, they cancel and a horizontal line 
is seen on the oscilloscope screen. 

tubes with an a -c vacuum -tube voltmeter or a 
cathode-ray oscillograph. The input resistance 
should be in the order of 200,000 ohms. 

When voltages measured at the grids are of 
equal value, the phase -inverter circuit is work- 
ing properly. If the voltages measured are un- 
equal, then the output tubes are getting un- 
balanced drives from the phase inverter. As- 
suming that all the d -c voltages are correct, 
then the most probable source of trouble caus- 
ing the unequal a -c voltages would probably be 
incorrect resistance values of the phase -in- 
verter load. 

A better method of testing these circuits is 
accomplished through the use of an oscilloscope. 
Connect a test lead from the vertical plate of 
the oscilloscope through a high resistance, ap- 
proximately 3 megohms, to the grid of one of 
the output tubes. Connect another lead from 

the same vertical plate of the oscilloscope 
through another high resistance, but of equal 
value to the first one used, to the grid of the 
other output tube. If the phase -inverter cir- 
cuit is operating normally, a straight hori- 
zontal line should be seen on the oscilloscope. 
This line is the resultant of the two equal but 
out -of -phase voltages driving the output tubes. 
(See Fig. 12) . 

If the phase -inverter circuit is not operating 
correctly, then a sine wave of greater or lesser 
amplitude, depending upon the degree of in- 
equality of the voltages driving the output 
tubes, will be the resultant seen on the oscil- 
loscope. (See Fig. 13) . 

A -C VOLTAGE AT 

GRID OF ONE 
OUTPUT TUBE. 

RESULTANT 

A -C VOLTAGE AT 
GRID OF OTHER 
OUTPUT TUBE 

Fio. 13.-If one of the two input sine -wave voltages 
to the control grids of push-pull tubes, is greater than 
the other, then the resultant seen on the oscilloscope 
will be a wave. 

Increased Audio Power Output 
From Push -Pull Operation 

One of the fundamental properties relative 
to push-pull operation is that increased audio 
power output is procured as compared to that 
power output obtained when only one tube is 
used. The knowledge of increased power out- 
put is often taken for granted by many, but 
few actually know how this increase in output 
is obtained. Since this topic is considered to 
be important it is believed that a clarification 
of how the increased power output is obtained, 
is necessary. 

In Fig. 14 is shown a typical push-pull cir- 
cuit. The tubes are assumed to be identical in 
characteristics and the push-pull output trans- 
former is center tapped, thereby allowing for 
equal supply voltage on both tubes. If there is 
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no signal input to the tubes and the proper d -c 
voltages are applied, then only d -c plate current 
will flow in both tubes. The flow of these d -c 
plate currents are indicated in Fig. 14 as 
straight lines. Current I, is that representative 
of tube V, and current 12 is that representative 
of tube V2. Since direct current flows from 
cathode to plate in the tubes, then currents 1, 
and 12 are seen to flow toward each other, in 
their own individual halves of the output trans- 
former primary. These currents produce mag- 
netization effects in the transformer core, but 
these are of opposite direction to' each other. 
Consequently, the total magnetization effects 
are reduced and d -c saturation of the trans- 
former core is likewise reduced. As stated at 
the beginning of this section, this reduction in 
d -c saturation allows greater amounts of direct 
current to flow through the primary and conse- 
quently greater overall audio power output can 
be realized. 

If at any one instant of time a positive signal 
is assumed to exist at the input to the grid 
of tube V,, then, according to one of the neces- 
sary properties of proper push-pull operation, 
a negative signal is applied to the grid of 
tube VQ. Both signals, even though opposite 
in phase are equal in amplitude (i.e. voltage.) 
This is indicated by the positive and negative 
half -cycle sine waves of the same amplitude, 
existing at the grids of tubes V, and V3 

respectively. 
Originally, without any input signals applied 

to the circuit but with the proper d -c potentials 
applied, d -c plate current flowed in the circuit 
as mentioned before. Since the tubes are elec- 
trically symmetrical, the direct current flow 
in both tubes is the same. For the sake of argu- 

POSITIVE 
GOING SIGNAL 

NEGATIVE 
GOING SIGNAL 

OUTPUT 
TRAN5FORMER 

i T . 

is 

Fia. 14.-In this schematic of an output push-pull 
stage, the output a -c and d -c plate currents are shown 
with respect to the input signals as well as the current 
in the secondary of the output transformer. 

"HOW IT WORKS" 

ment, the direct current is assumed to be equal 
to 80 ma, and this current is shown as a heavy 
straight line in the graph of Fig. 15. When 
any type of reference is made to output signal 
currents, these output currents actually con- 
sist of an a -c component of current varying 
about a d -c component. This d -c component is 
nothing more than the direct current flowing 
in the circuit without any signal voltages ap- 
plied to the input of that circuit; consequently, 
this d -c output current is used as a reference 
level with respect to the a -c components of the 
current. 

Effects of Input Signals 

Referring back to Fig. 14, it is shown that 
a positive -going signal is impressed on the 
grid of tube V,. This produces an a -c output 
current of the same frequency as the input 
signal. Since this input signal is positive, the 
plate current in the tube increases. This is il- 
lustrated in Fig. 15, in which curve No. 1 is 
that a -c output signal from tube V,. Notice 
how this current varies above the 80 -ma d -c 
reference level. Since only a half -cycle of the 
input signals on the grids are considered (for 
the moment), then the first half -cycles of the 
a -c output plate currents will likewise have to 
be considered as the output currents corres- 
ponding to the input signal voltages. 

From Fig. 15 it is seen that the first half - 
cycle of a -c output current from tube V, (curve 
1) increases the total output plate current of 
V, to 120 ma. Taking the d -c line as the refer- 
ence level of the system, then the a -c plate cur- 
rent i, of tube V, flows in the direction, as il- 
lustrated in Fig. 14. It flows in the same di- 
rection as the direct current 1,, because of the 
increase in the total output plate current with 
respect to the d -c reference level. This a -c out- 
put current effectively increases the total out- 
put of tube V, by 40 ma. 

Now at the same time that the grid of tube 
V, has a positive -going signal, the grid of tube 
V, has a negative -going signal. This produces 
an a -c output current of the same frequency as 
the input signal. Since both input signals to the 
grids are opposite in phase (180°) , then both 
the output currents from the two tubes are 
also opposite in phase and of the same fre- 
quency. This negative -going input signal to 
tube V3 momentarily increases the effective bias 
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on the tube (i.e. makes the bias more nega- 
tive) . Consequently, the a -c output plate cur- 
rent from 'tube V2 is decreased due to the in- 
crease in effective bias. This is illustrated in 
Fig. 15, where the first half -cycle of curve No. 
2 is that representing the output from tube V2. 

This latter output current likewise varies about 
the d -c reference level and for the first half 
cycle curve No. 2 decreases to a minimum 
value, which is 40 ma less than the d -c refer- 
ence level. The a -c plate current i2 of tube V2 

flows in an opposite direction to the d -c plate 
current I2, as illustrated in Fig. 14, because 
of the decrease in output plate current with 
respect to the d -c reference level. 

120 MA 

80MA 

4OMA 

Y2 CLE+ URVE NO.2 
PLATE CURRENT OUTPUT 

FROM TUBE Vz 

REFERENCE LEVEL 
D -C LINE 

CURVE NO.1 
PLATE CURRENT OUTPUT 

FROM TUBE V1 

TIME 

C 

Fio. 15.-The a -c components of the plate currents 
of the push-pull output tubes are shown in their rela- 
tionship to each other and how they are superimposed 
on the d -c plate current as a reference level. 

In other words, what is happening in both 
tubes is that when the total plate current of one 
tube is increasing, the total plate current of the 
other tube is decreasing; however, when the 
a -c component of one tube is increasing in a 
positive direction, the a -c component of the 
other tube is increasing in a negative direction. 
Moreover, when the a -c component of one tube 
has increased to its positive maximum, the 
a -c component of the other tube has increased 
to its negative maximum. It should be re- 
membered that these a -c plate currents are 
superimposed upon their direct currents and 
consequently the increase or decrease is pri- 
marily in reference to the d -c level. 

Referring to Fig. 14 again, it will be noticed 
that the a -c output plate currents, i, and i2, 

of both tubes are flowing in the same direction 
through their own individual halves of the 
primary winding of the output transformer. 
Since they flow in the same direction, their 
combined effects are additive and each current, 
i, and i2, induces voltages into the secondary of 

the output transformer that are in phase with 
each other. Since these induced voltages are 
in phase with each other, they produce an ef- 
fective secondary current i8 that is due to the 
combined effects of i, and i2. In other words, 
the secondary current i8 is greater than a sec- 
ondary current produced by either i, or i2 alone. 
This is best illustrated by the curves of Fig. 16. 

Curve No. 1 is the alternating current flow- 
ing in the secondary due to the induced voltage 
caused by the current i, in the primary. Like- 
wise, curve No. 2 is the alternating current 
flowing in the secondary due to the induced 
voltage caused by the current i2 in the primary. 
In other words, current i, induces a voltage 
into the transformer secondary, as also does 
current i2. Since these currents flow in the same 
direction in the transformer primary, the volt- 
ages that they induce into the secondary are 
in phase with each other. Consequently, these 
induced in -phase voltages produce in -phase cur- 
rents in the transformer secondary, which are 
the current curves No. 1 and No. 2 of Fig. 16. 

Note how these curves are in phase with each 
other. (For a more detailed discussion of phase 
relationships see section on "Feedback.") 

The currents of curves No. 1 and No. 2 are 
supposed to have the same amplitude (two 
units), because the effective values of i, and 
i2 are equal to each other due to the electrical 
symmetry of the push-pull circuit. However, 
since it is difficult to show two curves of the 
same phase, the same frequency, and of equal 
amplitudes on one set of axes, they are shown 
slightly displayed from each other for pur- 
poses of illustration ; actually, they should be 
shown as a single sine wave. 

Since the individual currents flowing in the 
transformer secondary are in phase with each 
other, they are therefore said to be aiding each 
other; consequently, they produce a resultant 

Z UNITS 

¢ +4 
ac +3 

+2 
+1 

` -i 
-2 

c -3 

wUNITS -4 

CURVE NO.3-CURRENT Ls 
RESULTANT OF CURVE NO.1 PLUS CURVE NO.2 

TIME + 

CURVE NO.2 
DUE TO INDUCED VOLTAGE FROM L2 

CURVE NO.1 
DUE TO INDUCED VOLTAGE FROM L1 

Fla. 16.-As the voltages induced in the secondary 
of the push-pull output transformer are in phase, the 
currents are also in phase and the resultant current is 
the sum of the two, here shown slightly displaced for 
the purpose of clarity. 
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current, i8, in the secondary circuit that is 
greater than either one current alone. This 
latter current i3, is the effective current flow- 
ing in the secondary circuit and it is desig- 
nated as curve No. 3 in Fig. 16. Since curves 
No. 1 and No. 2 are in phase with each other, 
they are additive, and since they are equal, the 
final current flowing in the secondary circuit 
is equal to twice that of either individual cur- 
rent. Curves Nos. 1 and 2 are 2 units each at 
their positive and negative maximum ampli- 
tudes, and the resultant curve, No. 3, is 4 units 
at its positive and negative maximum ampli- 
tude, indicating a double increase in current. 

If the second half -cycles of the input signals 
to the push-pull grids are considered, then 

the output a -c signal currents flowing will be 
represented by those second half -cycles as il- 
lustrated in Fig. 15. In this respect the a -c 

output plate currents of both tubes will re- 
verse in direction (to that shown in Fig. 14) 
with respect to the direct current, but they will 
flow always in the same direction with respect 
to each other in the output transformer pri- 
mary and consequently their combined effects 
will still be additive. 

From the above analysis it can be concluded 
that the a -c plate currents in a push-pull stage 
flow in the same direction in the primary of 
the output transformer, thereby causing an 
increase in the total audio power output. 
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F -M CIRCUIT FEATURES 

In general the post-war receivers intended 
for the reception of frequency -modulated 
broadcast signals are somewhat like those 
manufactured prior to World War II. That 
this should be so is not very strange inasmuch 
as the character of the signals remains un- 
changed. The operating frequencies have been 
increased into that region where design be- 
comes more critical ; for that matter, the same 
is true about service procedure. But speaking 
specifically about those portions of the receiver 
which reflect the greatest changes in thinking, 
these are the limiter and the discriminator. 

In general, two schools of thought exist con- 
cerning the limiter and the discriminator. Per- 
haps this may be attributed to a patent situa- 
tion; whatever it may be, it is found that some 
receivers make use of a limiter and one type of 
discriminator and other types of receivers dis- 
pense with the limiter and employ a different 
type of discriminator which makes this 
possible. 

To appreciate the relationship between the 
limiter and the discriminator, it is necessary 
to understand some of the fundamental facts 
concerning frequency modulation. Basically 
the acceptance of frequency modulation for 
broadcasting purposes can be attributed to the 
advantages which this type of emission affords. 
First and foremost is the fact that the re- 
ceived signal is subject to very much less inter- 
ference from noise, for the simple reason that 
while noise, man-made or natural, which is 

picked up by the receiving antenna will in- 
fluence the amplitude of an amplitude -modu- 
lated wave and in that way be heard in the 
loudspeaker just as if it were the modulation, 
it will not influence the frequency of the re- 
ceived signal. Therefore, if a system is pre- 
dicated on the transmission of intelligence by 

a change in frequency rather than a change in 

amplitude of the wave, it will not be subject 
to noise interference as long as changes in 

amplitude of the frequency -modulated wave 
due to the noise are prevented. 

The successful accomplishment of this con- 

dition poses numerous problems to the receiver 
design engineer. First of all, the prevention 
of the acceptance of noise by a receiving an- 

tenna is almost a hopeless task. In other 
words, both noise and the f -m signal will find 
their way into the receiver. Having passed 
into the tuned circuit, the noise pulses will in- 
crease and decrease the amplitude of what was 
originally a constant value of voltage represen- 
tative of the f -m signal, thus creating in effect 
an f -m signal which also varies in amplitude. 

If such a combined f -m and amplitude vary- 
ing signal finds its way into the conventional 
f -m discriminator, it will be rectified- and both 
the noise as well as the intelligence will be 
made audible. To prevent this, a limiter stage, 
or perhaps two limiter stages, are utilized 
ahead of the conventional discriminator; these 
limiter stages function to remove all extraneous 
amplitude variations by clipping the peaks of 
the signal voltages. The designers of some of 
the modern receivers have gotten around the 
use of the limiter by the development of a 
discriminator system which is made insensitive 
to amplitude variations. Volume XV contains 
examples of both types of f -m receiver design. 
In order to describe these systems most ef- 
fectively, it seems advisable to delve into some 
of the general of f -m transmission and 
reception. 

details 

Differences Between A.M. and F.M. 

Speaking in generalities which are sufficient 
for the purpose, the fundamental differences 
between a frequency -modulated and an ampli- 
tude -modulated wave can be expressed as 
follows : 

1. During modulation 
a. the amplitude -modulated wave varies in 

average power in accordance with the 
strength of the modulating signal, but 
remains constant in frequency 

b. the frequency -modulated wave remains 
constant in power, but changes in fre- 
quency 

2. The frequency of the modulating signal 
determines 

a. the rate of increase and decrease of 
power of the amplitude -modulated wave 

b. the rate of change in frequency of the 
frequency -modulated wave 

161 
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3. The intensity of the modulating signal 
determines 

a. the change in average power of the 
amplitude -modulated wave 

b. the extent of the change or deviation in 
frequency of the frequency -modulated 
wave. 

There are, of course, numerous other dif- 
ferences between the amplitude- and frequency - 
modulated waves, but their inclusion in this 
discussion is not necessary in order to lay the 
groundwork for the description of the limiters 
and discriminators shown in Volume XV. 
However, it is necessary to make some per- 
tinent comments concerning the frequency - 
modulated wave. 

Considering the shift or deviation in fre- 
quency created by the modulating signal, the 
standards set up for broadcasting technique 
stipulate a maximum swing or deviation of 
75,000 cycles, or 75 kc, above and below the 
carrier for 100 percent modulation of audio 
signals up to and including 15,000 cycles. As 
is evident, f.m. provides for the transmission 
of a much wider band of audio frequencies 
than a -m transmission. To provide adequate 
separation between f -m stations, operating 
frequencies allocated to f -m stations operating 
within any one service area are set at least 400 
kc apart, and on a nationwide basis, no two 
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Flo. 1.-Three block diagrams illustrating super- 
heterodyne receivers: for a -m reception in Fig. 1A, and 
for receiving f -m signals in Figs. 1B and 1C. Note the 
absence of a limiter in the bottom diagram. 

"HOW IT WORKS" 

adjacent channels are closer than 200 kc to one 
another. The minimum of 200-kc adjacent 
channel separation is set by the maximum fre- 
quency deviation of plus and minus 75 kc for 
100 percent modulation, plus 25 kc "guard" 
bands beyond the maximum swing in each 
direction. 

In passing it might be well to mention that 
what has been stated is known as "wide -band" 
f.m. in contrast to frequency -modulation sys- 
tems which employ a much reduced swing in 
frequency. These, however, are not employed 
for conventional broadcast service. For ex i 
ample, narrow -band f.m. limited to a swing of 
about 3000 cycles, is employed in amateur radio 
transmissions ; the U. S. Navy used some trans- 
mitters with a deviation of plus and minus 15 
kc ; and the U. S. Army used some with a 
swing of about 30 to 40 kc each side of the 
resting frequency, with 20-kc guard bands. 

The F -M Superheterodyne 

Although not a necessary requirement, the 
f -m receiver is a superheterodyne. Up to this 
writing no other type of receiver capable of 
f -m wave reception, has been offered to the 
public. By this we mean that no t -r -f receiver 
capable of f -m reception has been marketed. 
The same is true of double -detection super - 
heterodynes. Such a receiver for a -m reception, 
but used as a single -detection superheterodyne 
for f -m reception, is described elsewhere in this 
publication. 

Being superheterodyne receivers, the f -m 
superheterodyne employs the usual principles 
of heterodyne operation in all respects ; this 
condition is not altered by the use of the 
limiter and the discriminator for demodulation 
of f -m signals. However, in view of the nature 
of the frequency -modulated signal with respect 
to the frequency range which the radiated sig- 
nal embraces, the i -f circuits are designed for 
acceptance of at least 75 kc each side of the 
quiescent or mid -frequency. This is in contrast 
to the usual 10-kc overall bandpass to be found 
in a -m receivers. 

For a comparison between the a -m and f -m 
superheterodynes shown in Volume XV, three 
fundamental types are illustrated in Fig. 1 by 
means of block diagrams. Fig. lA is the con- 
ventional a -m receiver of the single -detection 
variety; Fig. 1B is the conventional f -m re- 
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ceiver using the limiter followed by the con- 
ventional discriminator; and Fig. 1C is the 
f -m receiver which dispenses with the limiter 
and employs a discriminator different from 
that used in conjunction with the limiter. 

The receiver intended for the reception of 
frequency -modulated waves is in many respects 
like the receiver intended for the reception of 
amplitude -modulated waves. 

One of the differences is found in the design 
of the r -f and i -f circuits. Not that the f -m 
receiver r -f and i -f systems look different upon 
paper from the representation of the a -m re- 
ceiver, but the physical design of the trans- 
formers is different in order to provide the 
proper bandpass. This is more particularly 
true in the case of the i -f amplifier than in the 
r -f system, because the ratio of the bandwidth 
to the actual resonant frequency is much 
greater in the former than in the latter. 
Whereas the general run of i -f systems in the 
conventional broadcast type of superheterodyne 
used so far for a -m reception operates with an 
i -f peak of from 175 kc to about 465 kc and a 
bandwidth of approximately 10 kc, the f -m re- 
:,eiver employs an i -f peak of from 8 me to 
perhaps 11 me and a bandwidth of about 150 
kc, or 75 kc each side of the i -f peak. In some 
early f -m receivers, an i -f peak of about 4 me 
was used. 

As a part of the i -f system of most f -m re- 
ceivers, and operating at the i -f peak is a stage 
identified as the "limiter," which is shown in 
Fig. 1B. This is not entirely new to super- 
heterodynes in that it was used in a double 
superheterodyne manufactured several years 
ago. (Rider's Volume VIII, Westinghouse page 
8-11, 12). The general function of the limiter, 
whether a single stage or two stages are used, 
is to remove amplitude variations which may 
have developed in the carrier as the result of 
the addition of noise or other influences As- 

sociated with the operation of the receiver 
ahead of the point of demodulation where the 
change in frequency of the carrier is converted 
into audio frequencies corresponding to the 
intelligence being transmitted. The limiter is 
the first difference between the a -m and the 
f -m receivers. 

As was stated earlier, all receivers do not 
employ a limiter; some designers have elimi- 
nated the need for its use by the development 
of a new type of discriminator, another name 

for the demodulator in the f -m type of super- 
heterodyne. At any rate, the discriminator is 
the second difference between the a -m and the 
f -m receiver, that is, between the conventional 
a -m receiver of Fig. lA and the conventional 
f -m receiver of Fig. 1B. If, however, we were 
comparing the a -m receiver and the f -m re- 
ceiver which was designed so as not to use a 
limiter, then the only distinction between the 
two types would be the discriminator, as is 
seen by comparing Figs. lA and 1C. 

As an item of passing interest, the discrimi- 
nator is neither new nor native only to f -m 
receivers. It appeared years ago in the a -m 
receiver equipped with automatic frequency 
control, which, incidentally, may again be 
found in f -m receivers to be made in the future. 
Also it is used in some f -m transmitters to keep 
the center frequency at the proper value. 

Once past the discriminator, the receiver is 
identical to those already in use. Because of 
the higher audio range used with the frequency - 
modulated form of transmission, these re- 
ceivers will have high-fidelity audio systems, 
but as far as their basic operation is concerned, 
one audio system is like another. 

Function of R -F Tuned Circuits 
in F -M Receivers 

As in any superheterodyne receiver, the r -f 
circuits used in f -m receivers have as their 
primary function the selection and amplifica- 
tion of the desired signal and the rejection of 
all other signals. Thus the r -f circuits must 
attenuate interfering signals on adjacent chan- 
nels and at the same time must reduce the 
image response to which all superheterodynes 
are subject. 

A feature of r -f circuits used in f -m re- 
ceivers is the provision usually made in the 
input circuit for coupling to a balanced low - 
impedance transmission line, such as is Used 
for reception at the high frequencies allocated 
to f -m transmissions. This feature is incorpor- 
ated in the balanced -to -ground circuit shown 
in Fig. 2, which shows the antenna coil balance - 
to -ground of the Stromberg -Carlson Model 
1121. In this model, a balanced -to -ground cir- 
cuit in the primary winding of the f -m antenna 
transformer is used. The desirability of this 
arrangement is readily seen when one con- 
siders that interference -free reception is aided 
by correct design of the f -m antenna system. 
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The single -wire lead-in, of the type generally 
employed for a -m reception, is highly respon- 
sive to interference, whether natural or man- 
made. 

A double -line feeder is generally used in f.m. 
to connect the receiving dipole to the antenna 
transformer. An interfering voltage that is 
induced in the double -line feeder in Fig. 2 will 
cause currents, as indicated by the solid ar- 
rows, to flow in the same direction through 
each of the two feeder wires. The current flow- 
ing through section AG of the antenna trans- 
former primary is cancelled by the current 
flowing through section BG, since the fields 
created by these currents are equal and op- 
posite. Consequently, the interference is not 
induced into the secondary of the antenna 
transformer. 

On the other hand, a signal voltage will in- 
duce a current, as indicated by dashed arrows, 
which flows in the same direction through each 
half of the dipole. Moreover, it will be seen 
that this requires that this current flow in op- 
posite directions through the feeder wires and 
the antenna primary. The fields due to the 
signal currents are therefore additive, and in- 
duce a voltage in the secondary coil, which is 
transferred to the first r -f tube. 

Another arrangement to balance the trans- 
mission line is to return the center -tap on the 
primary winding of the f -m antenna trans- 
former to ground through a wavetrap consist- 
ing of a series coil and capacitor connection. 
This method has an advantage in that a signal 
voltage is developed across this combination 
for the regular broadcast and short-wave 
bands, and while on these bands the transmis- 
sion line is no longer balanced, the combination 
functions to pick up a signal and apply it to the 
input circuit. This allows the use of the same 
antenna for the broadcast and short-wave 
bands as well as the f -m band. 

In addition to the advantages of r -f tuned 
circuits in minimizing interference and image 
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Fio. 2.-Because interfering voltages induced in the 
double -line feeder result in currents flowing in opposite 
directions in the center -tapped primary of the trans- 
former, they cancel and thus no interfering voltage is 
induced in the secondary. 

response, the use of an r -f stage has the very 
desirable effect of increasing the overall gain 
of the receiver and providing a higher signal- 
to-noise ratio. This reduction in noise level is 
achieved because a tube used as an r -f ampli- 
fier, has a lower inherent noise level than the 
same tube operated as a mixer. Thus the ef- 
fectiveness of an r -f stage in reducing noise is 
due to the fact that the gain of the r -f stage is 
sufficiently great to make the signal ride above 
the noise level of the converter stage. 

Mixer and Oscillator Functions 

Operation of the oscillator and mixer stage 
in an f -m receiver is not changed by the fact 
that f -m signals are received. The general ac- 
tion of these parts of the receiver conforms 
with those found in the conventional super- 
heterodyne receiver and as such, the general 
conditions governing mixers and oscillators 
still apply. There are, of course, certain per- 
tinent facts associated with performance which 
justify further discussion because of the serv- 
icing aspects. This is especially true of the 
heterodyning oscillator. 

Oscillator Drift in FM Receivers 

Oscillator drift is a very much more serious 
problem in f -m receivers than it is in conven- 
tional broadcast and short-wave receivers. It 
may be assumed that the carrier center -fre- 
quency remains constant in frequency. Oscil- 
lator drift will therefore manifest itself as an 
intermediate frequency that differs from the 
correct value. If the change in oscillator fre- 
quency is not too great, no significant distortion 
will occur in the i -f amplifier, since its pass - 
band is sufficiently wide to permit some varia- 
tion. 

The situation is different at the discrimina- 
tor, however, for even a very small drift in 
oscillator frequency will result in serious audio - 
frequency distortion at the output of the dis- 
criminator. For example, assume an oscillator 
frequency of 100 mc and also that the receiver 
has an intermediate frequency of 10 mc. Then, 
if the oscillator drifts as little as 0.02%, this 
would correspond to a 20-kc change in oscilla- 
tor frequency, and a 20,000 -cycle change in the 
discriminator center -frequency. The discrimi- 
nator is usually designed to have a bandwidth 
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somewhat more than about twice the deviation 
frequency. Due to non -linearity, the working 
portion of the characteristic is considerably 
less than this. Consequently, if the signal is 
not applied close to the center operating point 
of the discriminator characteristic, audio -fre- 
quency distortion will occur. It is, therefore, 
seen that oscillator drift should be reduced to 
a minimum. 

The principal causes of oscillator drift are 
capacitance changes in the oscillator tube and 

Fco. 3.-A typical Hartley oscillator circuit, the input 
capacitance of which is indicated by Ct. 

changes in the inductance and capacitance of 
the tuned circuit. In well -designed receivers, 
the oscillator drift due to changes in the tuned 
circuits are not as great as those caused by 
capacitance changes in the oscillator tube. 

An interesting method of reducing oscillator 
drift is employed in the Philco 46-480 receiver, 
by tapping -down the oscillator section of the 
tuned circuit. First, let us examine a typical 
Hartley oscillator circuit, as is illustrated in 
Fig. 3. The tube input capacitance Ct is shown 
in dashed lines. The oscillator frequency is de- 
termined by the inductance L, the tuning ca- 
pacitance C, and the tube capacitance Ct. Any 
variation in the tube capacitance will cause a 
change in the oscillator frequency, and this ef- 
fect will be a maximum since the tube capaci- 
tance is effectively across the entire inductance. 

Now consider the circuit illustrated in Fig. 
4. This circuit is identical to that of Fig. 3, 
except that the oscillator tube is connected 
across only a portion of the L -C circuit. Con- 
sequently, a change in tube capacitance causes 
a much smaller detuning effect, and therefore 
a much smaller shift in the oscillator fre- 
quency. The stability of the oscillator is ac- 
cordingly greatly improved. 

The minimization of oscillator drift cannot 
be indefinitely improved by this method how- 
ever, for not only must a definite relation exist 
between the grid -cathode and cathode -plate 

turns, but also the circuit may develop parasitic 
oscillations if tapped down too far. 

Another method of reducing oscillator drift 
is exemplified in Zenith Model 1211090, Chassis 
11C21. In this receiver, the oscillator is oper- 
ated so that the second harmonic of the oscilla- 
tor beats with the incoming signal. In other 
words, the oscillator frequency is one-half the 
sum of the signal frequency plus the inter- 
mediate frequency. This means that the oscil- 
lator can be loaded with a much higher value 
of lump circuit capacitance. The larger the 
value of the lump circuit capacitance, the less 
will be the effect of any small changes in ca- 
pacitance due to tube capacitance or other cir- 
cuit capacitance, for these latter capacitances 
become smaller in comparison with the former. 
Consequently, the frequency drift resulting 
from a change in the tube or circuit capacitance 
is very much less than if these capacitance 
variations had occurred when they were 
shunted across a smaller value of the lumped 
circuit capacitance that would have been used 
at fundamental frequency operation. 

The I -F Amplifier in F -M Receivers 

As far as function is concerned, the inter- 
mediate -frequency amplifier utilized in the f -m 
receiver performs exactly the same functions 
as the i -f amplifier in the a -m receiver. Modern 
design, however, has introduced a number of 
innovations which are quite interesting and in 
a way departures from the conventional. These 
shall be shown as the discussion develops, but 
before describing these it might be well to 
make several comments concerning the oper- 
ating frequencies. The Radio Manufacturers 
Association (RMA) has standardized upon an 
intermediate frequency of 10.7 megacycles for 
all f -m receivers intended for reception of f -m 
signals on the band from 88 to 108 megacycles, 
though it is true that all receiver manufacturers 

L 

c 

Fro. 4.-This oscillator circuit, used in the 
Model 46-480 receiver, is the same as that in 
except that the tube is connected to a portion 
L -C circuit. 

Philco 
Fig. 3 
of the 
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do not adhere to this standard, many sets em- 
ploying i -f systems peaked between 8.3 mc and 
9.1 mc. Inasmuch as some f -m stations are still 
operating over the old f -m band (although 
conversion to the new frequencies is imperative 
by the end of 1947), receivers intended for the 
reception of these signals, as well as those 
radiated at the higher frequencies, employed a 
single i -f peak, usually that dictated by the 
needs of the higher carrier frequencies. 

If the schematics of the various am -fm re- 
ceivers throughout Volume XV be examined, 
it will be seen that the schematic representa- 
tion and the circuits themselves are conven- 
tional. In some instances, to secure proper 
bandwidth, loading resistors have been used. 
In some systems the i -f transformers are con- 
nected in series (see Fig. 5), one set being used 
for the amplification of amplitude -modulated 
signals at a low intermediate -frequency peak 
and the other set being used at a high i -f peak 
for amplification of the f -m signal. 

IF Transformers in Series 

In order to save space and to avoid the neces- 
sity for switching the i -f transformers when 
changing between f.m. and a.m., several manu- 
facturers, among them Philco, Stromberg - 
Carlson, and Zenith, are connecting the f -m 
and a -m intermediate -frequency transformers 
in series. 

In Fig. 5, section AB represents the primary 
and EF the secondary of the frequency -modu- 
lation i -f transformer, while section BD is the 
primary and FG the secondary of the ampli- 
tude -modulation transformer. 

g} 

FIG. 5.-As a space -saving means, the primaries and 
secondaries of the i -f transformers for a -m and f -m 
reception, are connected in series. 

At the intermediate frequency employed for 
f.m., the reactance of the trimmer capacitors 
across the a -m transformer winding is so low 
as to practically short-circuit these windings. 
Consequently, the tuned f -m circuit acts as if 
it were alone in the circuit. At the intermediate 
frequency used for a.m., the very few turns on 
the f -m transformer offer so low a reactance 
that they act as a virtual short-circuit across 
the f -m trimmer capacitors. Accordingly, the 
a -m circuit behaves as though it alone were 
present. 

Fig. 6 on page 136 shows an exploded view 
of the mechanical construction of the first i -f 
transformer for both a -m and f -m reception, 
used in the Zenith Model 1211090 receiver. In 
this case permeability tuning is used; it is the 
fixed capacitance which is in parallel with the 
a -m transformer windings that short-circuits 
these windings at the intermediate frequency 
used for f -m. 

The independence of the f -m and a -m inter- 
mediate -frequency transformers in operation 
does not signify that they can be aligned in any 
arbitrary sequence. Quite the contrary is the 
case. For proper alignment, it is absolutely 
essential that the a -m transformers be aligned 
before the f -m transformers. 

Suppose, for example, that the f -m circuits 
had first been aligned. Then, in the process of 
aligning the a -m circuits, the f -m circuits would 
become misaligned. For, although it is true 
that the a -m trimmer capacitors have an ex- 
tremely small reactance at the intermediate 
frequency used for f -m, this reactance is not 
absolutely zero. Since it requires a very minute 
change in impedance at these high frequencies 
to cause an appreciable change in circuit fre- 
quency, the f -m circuits become detuned in the 
process of a -m alignment. 

On the other hand, suppose that the a -m 
circuits had first been aligned. The subsequent 
alignment of the f -m circuits does not cause 
any significant detuning of the a -m circuits, 
because the f -m circuit impedance is negligible 
at the a -m intermediate frequency. 

The Limiter 

The final i -f stage in some f -m receivers is 
known as the limiter; for that matter some f -m 
receivers make use of two limiter stages in 
cascade, in which case they are the third and 
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fourth i -f stages. (See Scott Model 800-B, 
Volume XV, page 15-31, 32) . The primary 
purpose of the limiter in the f -m receiver is to 
remove whatever amplitude variations that 
may have developed on the signal during its 
entry into, or passage through the receiver, due 
to noise or the presence of an interfering 
signal. The removal of such amplitude varia- 
tions from the signal is very important, be- 
cause the conventional discriminator is respon- 
sive to amplitude as well as frequency varia- 
tions, and if either an interfering signal or 
noise is the cause of such variations, both will 
appear in the output of the receiver. 

In this connection it is important to reiterate 
that the f -m receiver which does not use a 
limiter accomplishes the removal of amplitude 
variations, or freedom from response to ampli- 
tude variations in the discriminator, by the use 
of special circuits ahead of or in the discrimi- 
nator stage. 

The operation of the limiter is comparatively 
simple, the circuit arrangement being a system 
wherein the vacuum tube overloads quite 
readily and in so doing cannot follow faith- 
fully the varying positive and negative peaks 
of the input signal, delivering to the load in 
the plate circuit a signal voltage which is con- 
stant in amplitude for all signal input voltages 
greater than a threshold value. Thus, "limit- 
ing" of the signal output voltage takes place, 
with no restriction of frequency variations. 

Single -stage limiters are generally of similar 
type but with minor differences in circuit ar- 
rangement, as shown in Figs. 6A, 6B, and 6C. 
The major difference is found in the wiring of 
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the grid capacitor and grid resistor, C and R 
respectively. In some instances, a parasitic re- 
sistor of very small value (from 25 to 50 
ohms), may be found in the grid circuit at the 
control grid of the tube. 

In order that the proper operating state 
exist in the limiter, certain conditions must be 
met. In the first place, the tube used must be 
of the sharp -cutoff type, like the 6SJ7 or the 
6AC7, with comparatively low screen and 
plate voltages and no fixed control -grid bias. 
Under such conditions, input signals of com- 
paratively small amplitude (determined by de- 
sign) will swing the grid voltage into that zone 
which will cause plate -current cutoff on the 
negative peaks; rectification in the grid circuit 
on positive peaks restricts the rise in plate cur- 
rent, thus effecting clipping of both negative 
and positive peaks. Operating plate and screen 
voltages as found in receivers, are within a 
45 -to 90 -volt range. 

Graphical portrayal of the operation of the 
single -stage limiter is illustrated in Fig. 7. The 
actual circuit used for the development of 
these data are shown in Fig. 6B, which, in 
operation would be like Figs. 6A or 6C. The 
values used for the components and the oper- 
ating potentials conformed with those found in 
commercial receivers, so that the description 
can be said to apply to all the single -stage 
limiter systems shown in Volume XV, for that 
matter even in earlier volumes. 

The values of plate current given are those 
that were actually present with different grid 
voltages. Note that the plate current reaches 
cutoff when the control -grid voltage becomes 

Foc. 6.-Three different types of single - 
stage limiters. The major differences are 
to be found in the location of the grid 
capacitor and grid resistor, C and R 
respectively. 
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approximately 8 volts negative. This means 
that any signal with a negative peak voltage 
which together with the d -c bias exceeds 8 
volts, will place a total negative bias on the 
grid sufficient to drive the plate current to zero. 
Consequently, since no plate current flows when 
the negative grid voltage exceeds 8 volts, the 
negative peak of the wave is cut off in the 
plate circuit. This clipping of the negative 
peak is illustrated in the diagram Fig. 7. 

This does not mean that the applied voltage 
must exceed 8 volts on the negative peak to 
restrict the rise in plate current, though such 
would be the case if the effective grid bias, 
under operating conditions, were zero. Ac- 
tually when a signal voltage is applied, the 
control grid draws current over a portion of 
the positive half cycle as seen in Fig. 7. This 
grid current charges the capacitor C over the 
peak portion of the positive input signal and 
during the rest of the swing of the input sig- 
nal the capacitor discharges through resistor 
R. This discharge through R is in such a direc- 
tion as to put a negative bias on the control 
grid of the tube. This negative bias increases 
to a peak according to the maximum amount 
of discharge of C, but the increase in bias will 
never exceed the amount of voltage at the posi- 
tive peak of the input signal. 

Since the time constant of the combination 
R and C is long compared with the time inter- 
val of a single cycle of the signal, the capacitor 
does not discharge much and it keeps a large 
portion of its charge during the time when the 
grid is negative with respect to the cathode. 
Therefore, most of the negative voltage de- 
veloped over the positive peak is retained. This 
results in a shift in the operating bias of the 
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Fic. 7.-The plate current -grid voltage curve obtained 
with the single -stage limiter circuit of Fig. 6B. 90 
volts were applied to both the plate and screen grid. 

grid from zero to some point, such as (a) in 
Fig. 7, which depends upon the magnitude of 
the applied signal. Over the negative half - 
cycle, therefore, any signal peaks higher in 
voltage than the difference between the bias at 
point (a) and cutoff (-8 volts) are clipped 
in the plate circuit. 

Clipping of the positive peaks takes place in 
the grid circuit. At the start of the positive 
swing when the grid draws current, the tuned 
circuit becomes heavily loaded with the result 
that the signal peak becomes flattened. More- 
over, the positive signal voltage does not drive 
the grid several volts positive, as might be as- 
sumed when the input signal is strong. In fact, 
the grid becomes only slightly positive because 
of the residual grid bias. The only reason that 
practically all of the positive half -cycle is not 
clipped is because at each instant over the posi- 
tive half -cycle, when grid current is produced, 
a corresponding negative charge is developed 
on C (in Fig. 6) because of the grid current. 
This serves to provide increasing negative con- 
trol -grid bias, which permits a further ex- 
cursion of the positive half -cycle. If the nega- 
tive voltage thus developed were exactly equal 
to the positive peak voltage, no clipping would 
result. Actually, the operating bias thus de- 
veloped is less ; consequently, clipping does 
occur. The portion of the positive half -cycle 
which is thus clipped, is shown in dotted lines 
in Fig. 7. 

Thus it can be said that the plate current 
varies between two limits : that which cor- 
responds to plate -current cutoff and that which 
corresponds to the slightly positive grid. This 
is so regardless of the variations of the signal - 
voltage levels in the input circuit, assuming, 
of course, that the input signal voltage is suf- 
ficient to drive the tube to cutoff. If the input 
signal voltage is less than this amount, the 
tube will function as a conventional amplifier 
without displaying any limiting action. 

The Two Stage Limiter 

In general, the performance of a two -stage 
limiter is like that of the single stage, in fact, 
the circuits of the two -stage limiters to be 
found in Volume XV are like the single stage 
shown in Fig. 6B, except that two stages are 
cascaded. By cascading two such stages, the 
action of one supplements the action of the 
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other ; whatever amplitude variations may 
have passed the first stage because of inade- 
quate signal swing, will have been amplified 
by the tube to an extent permitted by its oper- 
ating potentials, and then clipped by the suc- 
ceeding stage. At the input of the second 
stage, the signal which was too weak to actuate 
the first limiter will have reached such propor- 
tions as to cause the required limiting in the 
second stage. Moreover, with two limiter stages 
in a receiver, it is possible to adjust the rela- 
tive operating conditions so that the best pos- 
sible performance is obtained from the second 
stage. 

The coupling between the two limiters can be 

either resistive -capacitive and capable of pass- 
ing the full range of intermediate frequencies 
encountered in the circuit, or it may be the 
conventional i -f transformer utilized in the re- 
ceiver. The latter, of course, is preferred inas- 
much as it aids the attainment of greater ad- 
jacent channel selectivity. In fact, the f -m re- 
ceivers using two -stage limiters and shown in 
Volume XV employ tuned circuits for inter - 
stage coupling. 

Limiter Action Summarized 

In summarizing the action of the limiters in 
the f -m receiver, it is possible to view them as 
Class C amplifiers, wherein the output is con- 
trolled both on the negative and positive peaks 
by the operating potentials. These in turn are 
so chosen that when the threshold value of 
voltage is exceeded, there is no further in- 
crease in output; and the output can be less 
than the input. Therefore the presence of ade- 
quate gain ahead of the limiter can be readily 
appreciated. It is understandable that the ob- 
jective in limiting is to saturate the tube with 
the lowest possible signal input voltage to the 
receiver. This can be done only when ample 
gain exists in the receiver between the antenna 
and the input circuit to the limiter. 

Since the rectified grid current developed in 
the grid circuit of the first limiter tube varies 
in accordance with the input signal voltage, the 
rectified grid voltage developed across the grid 
resistor R is used as an automatic bias for auto- 
matic volume control. This control voltage 
may be applied to the r -f and i -f tubes, as may 
be desired. The rectified grid current developed 
in the second limiter stage, however, is un- 
suited for this purpose because while it may be 

proportional to the input signal voltage to that 
limiter stage, it is not proportional to the 
changes in signal input into the receiver. Con- 
sequently, it cannot be used as a means of in- 

creasing the gain when the signal input to the 
receiver is low and to decrease gain when the 
signal input to the receiver is high. 

It is conceivable that during the life of this 
text, other types of limiters will make their ap- 
pearance. For instance, a two -stage limiter 
need not be of the kind which has been dis- 
cussed ; instead it can be arranged so that the 
first stage clips the negative peaks by means 
of plate -current cutoff and the positive signal 
peaks are amplified without limiting, then 
clipped in the second stage. In general, how- 
ever, the procedures for limiting in the re- 
ceivers produced during 1947 will more than 
likely be along the lines that have been 
described. 

The Discriminator or Frequency Demodulator 

The major difference between an f -m and 
an a -m receiver is found in the means em- 
ployed to develop the intelligence from the 
modulated carrier after suitable amplification. 
In the a -m receiver this is done by converting 
the amplitude modulation into amplitude varia- 
tions of tube plate currents, which, when finally 
applied to a loudspeaker, become the trans- 
mitted intelligence. In the f -m receiver, the 
demodulation procedure used to develop the 
transmitted intelligence is the conversion of 
frequency variations into amplitude variations 
of the tube plate currents. When finally ap- 
plied to the speaker, the intelligence trans- 
mitted is made audible. 

Numerous types of f -m demodulating proces- 
ses are available, but only a few are actually 
irr use in current receivers and these will be 
described. Strangely enough the most com- 
monplace of these discriminators is not new ; 

for that matter, it was used even before f -m 

receivers made their appearance on the public 
market. The automatic -frequency -controlled 
type of receiver of yesteryear made use of the 
discriminator as a means of developing control 
voltages when the heterodyning oscillator 
drifted off frequency; these control voltages 
then being used to restore again the oscillator 
to its correct frequency by means of a fre- 
quency -control system, the "reactance modu- 
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lator." More than likely these systems in time 
will again become popular. By no means have 
they been forgotten completely, since they are 
used in what is known as the "direct" type of 
f -m transmitters. 

Since two types of discriminators are in gen- 
eral use, it might be well to identify them by 
their names. The most popular today is the 
Foster -Seeley, also known as the "center - 
tuned" or "phase" discriminator, which is used 
in those receivers which also make use of 
limiters. Then there is the "ratio detector," 
which while in some respects is like the other, 
does contain an important difference and is 
the one used in numerous receivers which do 
not employ limiters. 

Speaking in generalities, f -m discriminators 
convert frequency variations into amplitude 
variations by the combined action of a number 
of conditions : 

1. The phenomenon that the circulating 
current in a resonant circuit may be in 
phase with the induced voltage which 
caused that current to flow; it may lag 
that voltage or lead that voltage, the 
conditions being determined by the re- 
lationship between the frequency of the 
applied voltage and the resonant fre- 
quency of the circuit. 

2. The use of a center -tapped resonant 
circuit wherein the voltage developed 
by the circulating current is equally 
divided for application along two paths. 

3. The vector addition of a fixed phase 
reference signal voltage to two other 
signal voltages which differ in phase 
with respect to the reference voltage. 

4. The phenomenon that the resultant am- 
plitude of two voltages of like frequency 
is determined by the relative phases. 

-E1-y 
Fic. 8.-The basic discriminator circuit. Note that 

the transformer secondary, L, and L, is center -tapped 
and resonated to the i -f peak by the capacitor Cr 

5. The application of these' combined sig- 
nal voltages to a differentially con- 
nected rectifier system, wherein the 
output will be proportional to the dif- 
ference between the amplitudes of the 
signal voltages applied to the two diodes. 

To demonstrate the application of these 
phenomena, consider a typical discriminator 
circuit, such as is used in the f -m receiver 
which utilizes one or more limiters and which 
appears in Fig. 8. The discriminator used in 
the limiterless receiver resembles the one 
shown, but it contains a major difference, 
which will be discussed in detail later. 

Referring to the standard f -m demodulator 
(1f Fig. 8, certain pertinent conditions must be 
noted. There is nothing special about the 
limiter plate circuit or the tuned i -f trans- 
former primary connected therein. Capacitor 
C, resonates with L, to the i -f peak, and E, 
designates the signal voltage developed across 
this winding. 

The I -F Transformer 

Examining the secondary of this i -f trans- 
former, we note certain significant details. 
First, it is shown as consisting of two wind- 
ings L, and L, in series, resonated to the i -f 
peak by means of C,. The fact that the second- 
ary is shown made up of two windings is in 
itself not significant; it could just as readily 
be a single winding tapped at the center, which 
would be the same thing. It is more convenient, 
however, to show it as two windings because 
of what will follow. The center tap on the 
secondary winding is shown connected to a 
coupling capacitor C and also to an r -f choke L. 

Associated with the two circuits and the r -f 
choke L are three voltage designations E,, E,, 
and E, respectively, the latter being identical 
to the E, which is shown associated with the 
i -f transformer primary. To explain these 
designations, it is necessary to speak about the 
coupling between the primary and secondary 
circuits of this transformer, as well as what 
happens in a transformer when the secondary 
is tapped at the midpoint. 

Two methods of coupling the signal from the 
primary to the secondary circuit are used in 
this system. The resonant primary is induc- 
tively coupled to the resonant secondary wind- 
ing; at the same time the signal voltage E, 
across the primary is fed to the r -f winding L 
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via the coupling capacitor C. If the circuit of 

C, L and C, is traced, it will be seen that L is 

in shunt with the tuned primary, the latter 
being grounded through C,. Neither C, L, Ca 

or C, are of such magnitude as to alter the 
resonant conditions of C, and L,, the resonant 
primary. Thus we can set up immediately the 
condition that whatever signal voltage exists 
across C, -L,, the same signal voltage with re- 

spect to magnitude and phase exists across L. 

The direct connection between the coupling ca- 

pacitor C and the mid -point of the secondary 
winding is of no consequence with respect to 
the signal transfer between the primary and 
the secondary circuits; it happens to be the 
common junction between the means of feeding 
the signal to the choke L, and the point to which 
the choke L must be connected so as to com- 

plete the differential rectifier circuit. 
Thus the secondary system receives signal 

voltages in two ways ; the resonant secondary 
receives its signal voltage by inductive coupling, 
and the r -f choke derives its signal voltage by 

means of direct coupling through the fixed ca- 

pacitor C. Returning to the two coils which 
comprise the secondary winding and the as- 

sociated signal voltage designations, the latter 
come about in the following manner. When a 

winding is tapped at the midpoint and a voltage 
is induced in that winding by means of a vary- 
ing magnetic field, the total voltage developed 
across the entire winding divides between the 
two halves. This is readily evident when it is 

realized that half the total number of turns 
exists between the center tap and one end, and 
between the center tap and the other end. So, 

whatever is the nature of the signal voltage 
which will be developed across the tuned sec- 

ondary circuit C, -L, -L, it is possible to show 
this voltage divided into two parts : that across 
each half of the winding. These are designated 
as E, and E,. . , . So much for the elements to 
the left of the diodes; more details will follow 
later. 

The Diode Circuit 

Now examine the connections to the diode 
and the load circuit associated with the diode. 
Suppose for the moment we assume the exist- 
ence of a signal voltage E, across L; likewise 
signal voltages E, and E,. In simplified form, 
the complete discriminator system of Fig. 8 

can be reproduced as shown in Fig. 9. Since 

the output of the diodes is unidirectional cur- 
rent, it is possible to assign polarity signs to 

the two load resistors to indicate the direction 
of the current flow. When this is done, the 
nature of the circuit becomes evident. 

First, whatever the character of the signal 
voltages E E, and E,, it is readily seen that 
signal voltage E, is common to both diodes ; 

also that the voltage active on diode D, is the 
combination of E, and E, and the voltage ap- 
plied to diode D, is the combination of E, and 
E,. Moreover the connection of the diodes is 

such that whatever rectified voltage develops 
across the load resistors R, and R,, the voltages 
will at all times oppose each other, and if any 
output will develop, it will be the differential 
between the voltage across R, and the voltage 
across R,. Whether or not any differential 
voltage will exist greater than zero, will ob- 

viously depend upon the values of E, -}-E, and 
E,+E,.... It is readily seen that if E, -}-E, is 
greater than E,+E,, then more current will 

flow through R, than through R,; the rectified 
voltage across R, will be greater than the recti- 
fied voltage across R, and the output voltage 
will be the difference between the voltage drop 
across R, and R, and the polarity of this volt- 
age will make point X positive with respect 
to point Y. 

If on the other hand, the reverse is true, 
namely, that E,+EQ is less than E,+E,, then 
the rectified current through R, will be greater 
than through R,; the rectified voltage across 

Fia. 9.-On the left are the simplified circuits of the 
two diodes of Fig. 8 with the voltages developed across 
the coils. On the right these two circuits and sets of 
voltages have been combined, showing the polarity of 
the voltage drops in the load resistors. 
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Rt will exceed the rectified voltage across R, 
and the differential voltage will be the differ- 
ence between the voltage drop across R2 and 
R,, in which case point X will be negative with 
respect to point Y. Based upon the action 
described, we can identify this system as being 
a differentially connected diode circuit. With 
respect to the polarities mentioned, their sig- 
nificance in the operation of the f -m discrimi- 
nator is not that a d -c voltage of a certain 
polarity will be available in the output circuit, 
but that the output voltage can swing negative 
and positive from a zero value. 

Now we can return to Fig. 8 and establish 
the operation of the tuned circuit with respect 
to various conditions of resonance, then show 
the manner in which the various signal volt- 
ages present in the discriminator system com- 
bine to enable the conversion of a change in 
frequency into a change in amplitude. First of 
all, we shall repeat that the signal voltage E, 
present across the tuned primary in the limiter 
plate circuit also is present across the r -f 
choke L, both in magnitude and phase. This is 
quite important to the operation of the whole 
system, and must be borne in mind when we 
consider certain phase relationships between 
the signal currents and voltages in C, -L, and in 
the tuned secondary circuit. 

I -F Transformer Action 

Let us now examine what happens in the 
tuned i -f transformer which couples the limiter 
to the discriminator diodes. For that matter, 
the conditions to be mentioned are not native to 
such i -f transformers only; they are applicable 
to any tuned transformer. For a start we shall 
assume that the primary and secondary are 
resonated to the same frequency and a signal 
voltage exists across the tuned primary. Also 
for the purposes of this discusssion we can 
forget the existence of the diodes and the load 
circuit, so that in effect we have the equivalent 
of Fig. 10 as the circuit to discuss. 

INDUCTIVELY 
COUPLED 

Fra. 10.-Simplification of Fig. 8, omitting the diodes and loads. 

"HOW IT WORKS" 

Let us start with a signal voltage E, across 
the winding L,. This voltage will cause a cur - 
cent I to flow through the winding, but in ac- 
cordance with the basic law of current and 
voltage phase relationship in an inductance, 
the current will lag the voltage by 90 degrees. 
Now it is the rise and fall of this primary cur- 
rent which creates a varying magnetic field 
around the coil and cuts the turns of the 
secondary winding, inducing a voltage in the 
secondary. This voltage is at every instant 
proportional to the rate of change of the lines 
of force, being maximum when the field around 
L, is changing most rapidly, that is, when the 
primary current is passing through zero. In 
turn, when the primary current is passing 
through its maximum, the lines of force are 
passing through maximum and the rate of 
change is zero, so that the induced voltage is 
zero. In the light of this condition we can say 
that the induced voltage is 90 degrees behind 
the inducing field, and since the inducing field 
is in phase with the primary current-which 
current is 90 degrees behind the applied voltage 
E1-the induced voltage in the secondary is 
180 degrees out of phase with the primary 
voltage. This is a fundamental condition in 
all transformers. 

It is important at this stage to understand 
a very significant condition. The voltage in- 
duced in the secondary circuit by the lines of 
force created by the primary current is not 
the reactive voltage present in the circuit. In- 
stead, the induced voltage is simply a driving 
voltage which causes a current Is to flow in 
the tuned secondary circuit, just as if a voltage 
equal to the induced voltage were placed in 
series with the coil in the tuned circuit. It is 
this induced current which develops the re- 
active voltage across the respective L and C 
elements of the circuit. 

What Happens at Resonance 

Let us now investigate what happens during 
various conditions of resonance. Assume that 
the frequency of the applied voltage is the 
same as the frequency to which the secondary 
circuit consisting of L2, L3, and C2, are tuned. 
When a circuit is resonant its inductive and 
capacitive reactances are equal and offset each 
other, so that the circuit behaves like a re- 
sistance. Now, in a resistive circuit the current 
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and voltage are in phase so that the induced 
current Is caused to flow through the secondary 
circuit will be in phase with the induced volt- 
age. If we now recall that the primary signal 
voltage E, is 180 degrees out of phase with the 
induced (series) voltage Es in the secondary 
and that the primary voltage appears across 
L with no change in phase or magnitude, then 
it is possible to illustrate this much of the volt- 
age relationships in the discriminator circuit, 
as appearing in Fig. 11A. Since the secondary 
circuit is resonant, the induced current IS is in 
phase with the induced voltage and this too is 
shown in Fig. 11A. 

Now, whatever the actual value of the re- 
active voltage developed across the series com- 

bination of L, and L, by the induced current 
Is, that voltage, in accordance with the basic 
laws of alternating -current flow through an 
inductance, will be 90 degrees ahead of the 
current through the inductance. This is shown 
also in Fig. 11A as E,,E,. Inasmuch as a vec- 

torial representation of this condition is easier 
to see, we translate the contents of Fig. 11A 

E1 

E5 
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into the vectorial representation in Fig. 11B. 

The length and direction of the lines show the 
magnitude and phase of the respective items. 
We have chosen E,, the primary voltage, as the 
reference voltage and show it in the 0° angular 
position. Differences in phase are considered 
in a counterclockwise direction. As is evident, 
the 180 -degree phase difference between E, and 
Es is indicated by showii g Es in a direction 
exactly opposite to that of E,. Since the in- 
duced current I, is in phase with the induced 
voltage, it is shown in the same direction as Es. 
However, as Es is greater in amplitude than IS 

as seen in Fig. 11A, then E, is shown to be 

greater in magnitude than Is in Figs. 11B and 
11C. Inasmuch as the reactive voltage across 
L, and L, leads the induced current Is (the in- 

duced current lags the reactive voltage), the 
vector for the reactive voltage Ef,E, is shown 
90 degrees ahead of the induced current Is. 

The very important detail which determines 
the operation of the discriminator also is shown 
in Figs. 11A and 11B, this being that the phase 
difference between the reactive voltage across 
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\OM\OOMa aa\aaa a/% iMïi!aii íiii%ii!9 íil 
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E1 = 

E2,E3 

1$ Ea 

PRIMARY SIGNAL VOLTAGE 

ACROSS R -F WINDING L 

FIG.11A 

E :S 

Eg 

Is 

3 

E3 

Ea 

FIG.11 ß FIG.11 C 

Fio. 11.-Since the secondary circuit is resonant and purely resistive, the current I, flowing 
circuit of the discriminator is in phase with the induced voltage E,. This in -phase relationship 
ically in Fig. 11A and vectorially in Figs. 11B and 11C with other discriminator voltages. 

E1 

in the secondary 
is shown graph- 
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the coil in the tuned circuit and the voltage 
existing across the r -f winding L is 90 degrees. 
This is very important as you will soon see, for 
it is this phase displacement which changes 
under conditions of resonance and results in 
the uneven values of signal voltage applied to 
the two diodes. To appreciate this better, we 
show a revision of Fig. 11B in Fig. 11C. What 
we have done is to put on paper the fact that 
the coil in the tuned circuit is center -tapped, so 
that the total reactive voltage divides into two 
parts, each being equal to half of the whole. 
This was done by redrawing the vector E2, E; 
so that E2 is displaced by 90 degrees from E,, 
and so is E,, the amplitudes of each being half 
of the previously combined E2,E3. This is per- 
missible for although the total reactive voltage 
across the tuned winding is 90 degrees ahead 
of the induced current Iç, the voltage E2 is 180 
degrees out of phase with the voltage E,, both 
being displaced by 90 degrees from the refer- 
ence voltage E,. That is, voltage E3 is leading 
voltage E, by 90 degrees and voltage E2 is lag- 
ging voltage E, by 90 degrees. 

Having established the phase relationships 
between the three signal voltages in the dis- 
criminator circuit, we can establish the values 
applied to the two diodes. If you will glance 
again at Fig. 9, you will see that diode D, re- 
ceives the sum of E, plus E3i and that diode D3 
receives the sum of E, plus E,. However, since 
these voltages have both direction and magni- 
tude, simple arithmetical addition does not 
give the answer. Graphical addition is neces- 
sary in the waveform types of representations 
and vectorial addition in the vectorial repre- 

"HOW IT WORKS" 

sentation. The former types are shown in Figs. 
12A, -B, and -C and the latter type in Fig. 13. 
In Fig. 12A, we have shown the 180 -degree 
phase difference between E3 and E and the 
90 -degree phase difference between E2 and E1, 
and between E. and E,. Voltage E2 is shown 
as equal to E because the total reactive volt- 
age across the coil divides equally each side of 
the center tap. In Fig. 12B, we show voltage 
E3 and E, in the same relation as in Fig. 12A, 
and also the graphical sum of these two volt- 
ages, which takes into account both direction 
and magnitude. The same was done in Fig. 12C, 
except that in this case voltages E, and E, are 
involved. With the waveforms shown in Figs. 
12A, 12B, and 12C drawn to the same scale, it 
is evident that the combination of E3 and E,, 
and the combination of E,, and E,, results in 
like voltages being applied to the two diodes. 

In the vectorial representation, shown in Fig. 
13, the parallelograms are completed corre - 

Es 
Is 

E3 `-------- 

E2 

vtik 

{ E1 

Fcc. 13.-Vectorial representation of the three volt- 
ages of Fig. 12, wherein E, and E3 are 180 degrees 
out of phase and each is 90 degrees out of phase E1. 
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E 2 
Flo. 12.-The voltages E3 and E2, 

each half of the discriminator secondary 
180 degrees out of phase with each 
these are shown graphically in Fig. 
with the primary voltage E, as reference. 
Figs. 12B and 12C show the addition 
these voltages as applied across the 
at the resonant intermediate frequency 
the discriminator transformer. 
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sponding to the respective amplitudes and the 
diagonals indicate the resultant. As can be 
readily seen, the lengths of the two diagonals 
E, -1-E, and E,+E, are the same, hence the sig- 
nal voltages they represent are the same. 

With equal values of voltage applied to the 
two diodes, equal values of rectified current will 
flow through the diode load resistors and equal 
values of charge will be applied to the two ca- 
pacitors C, and C,. With equal voltages de- 
veloped across the diode loads and these being 
in opposition to each other, the net difference 
is zero and no audio voltage will appear across 
the output circuit. 

What Happens When the I.F. Is High 

Let us now investigate the conditions which 
exist when the i -f signal is tuned above the 
frequency of the resonant circuit. This is the 
same as saying that the discriminator circuit 
is tuned below the intermediate frequency. The 
circuit is the same as before; the items to be 
considered are the respective voltages and cur- 
rents and their phase. Since non -resonant con- 
ditions do not alter the fundamental rules, the 
action of the primary circuit remains as before. 
The same is true of the fact that the primary 
signal voltage still exists across the r -f winding 
L in the discriminator circuit. The induced 
voltage E, in the secondary remains 180 degrees 
out of phase with the primary signal for this 
too is a fundamental condition which is not 
altered by resonance conditions. However, the 
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relationship between the induced voltage Es 
and the current Is, which it causes to appear in 
the secondary circuit, is affected by the state 
of resonance, and in so doing alters related 
conditions. 

When the applied frequency is higher than 
the resonant frequency, the reactance of the 
coil, even though it is ,fixed in inductance, be- 

comes greater than the reactance of the ca- 
pacitor. This is in accordance with the funda- 
mental law that inductive reactance varies in 
proportion to frequency and capacitive react- 
ance varies inversely with frequency. Accord- 
ingly, a portion of the inductive reactance will 
offset the capacitance reactance, but a certain 
amount of inductive reactance will remain to 
display a control on the induced current. In 
other words, the circuit as a whole riow ap- 
pears as an inductance and resistance in series, 
rather than as a resistance alone, which is the 
case at resonance. 

Under the circumstances the induced current 
I, will no longer be in phase with the induced 
voltage E,f but rather will lag this voltage by 
a certain amount, depending upon the extent to 
which the i -f signal is off -resonance. Suppose 
for the sake of argument, we say that the de- 
viation from resonance is such that the amount 
of inductive reactance remaining is sufficient 
to cause a lag of 45 degrees between the 
induced current I, and the induced volt- 
age E. 

Now regardless of the phase relationship 
between the induced current and induced volt - 

E3-, I 
I E2-* 

«11. 

_ FIÿ.14A 

E1 

4IK 

F 

Ftc. 14.-The relationship between the curves of the induced voltage and current, E, and I and the secondary 

voltages, E, and E,, when the frequency of the input signal is higher than the resonant frequency of the secondary 

tuned circuit. Note that E, + E, is less than E, + E,. 
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age, the reactive voltage developed across the 
coil in the tuned circuit by the induced current 
will still lead the induced current by 90 de- 
grees. However, since the induced voltage E3 
is 180 degrees out of phase with the signal volt- 
age across winding L, and the induced current 
lags this induced voltage by 45 degrees, the 
reactive voltage across the coil in the tuned 
circuit, no longer will be displaced 90 degrees 

Is E3 

x 
/ 

/ / 
/ 

E2 

FIG. 15.-Vectorial representation of the current and voltages of Fig. 14, wherein the current I., lags the 
voltage E by 45 degrees. 

from the primary voltage E, existing across 
winding L. If for the moment we forget that 
the tuned secondary coil is center -tapped, the 
45 -degree lag between the induced current I. 

and the induced voltage E, will make the phase 
difference between the reactive voltage E2, E, 
135 degrees behind the primary voltage E,. 
Because of the center tap on L2 -L,, and its 
junction with L, we can show the two voltages 

E2 

i 
- 

FIG.16A 

Ei 

_ FIG.16 B 

1i 

E3 

i 

ES 

I -y V. ' 
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E2E3 

"HOW IT WORKS" 

E, and E, as being 180 degrees apart, which 
will make E., 45 degrees out of phase with E 
and E, 135 degrees out of phase with E,. This 
is shown in Figs. 14A, -B, -C, and -D and vec- 
torially, in Fig. 15. 

What Happens When the I.F. Is Low 

The conditions existing when the inter- 
mediate frequency is lower than the resonant 
frequency in the discriminator are, in the light 
of what has been previously described, com- 
paratively simple to understand. In this con- 
dition of resonance, the first change from thg 
previously described conditions is that since 
the frequency of the signal is lower than the 
resonant frequency of the circuit, the reactance 
of the tuning capacitor C, predominates in the 
circuit, since at the frequency involved, it ex- 
ceeds the reactance of the coil. Therefore, 
the circuit as a whole behaves capacitively, and 
in accordance with the fundamental law of be- 
haviour of current and voltage in a capacitive 
circuit, the current will lead the voltage. This 
means that the current I,8, caused to flow by 
the induced voltage E,4, will lead that voltage 
by a certain amount determined by the degree 
off -resonance. We have set this as being 45 
degrees so as to conform with the phase dif- 
ference when the frequency of the applied 

FIG 16C 

tl 

E2 f i 

Ftc. 16.-The re ationship of the same voltages and current shown in Fig. 14, but in this case the frequency of the input signal is lower than the resonant frequency of the secondary tuned circuit. Note that here E, E_ is greater than E, -}- E3. 
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signal is higher than the resonant frequency 
of the discriminator secondary circuit. 

Once more the reactive voltage developed 

across the coil will lead the induced current 1, 

by 90 degrees, and since I, leads E the re- 

active voltages E, and E3 will be displaced by 

45 and 135 degrees respectively. These condi- 

tions are shown in Figs. 16A, -B, -C, and -D, and 

vectorially, in Fig. 17. As can be readily seen, 

the signal voltages consisting .of E, +E and 

E, + E, are unequal ; hence, unequal values of 

signal voltage will be applied to the two diodes; 

Es 

IS E2 

Fro. 17.-Vectorial representation of the current and 
voltages of Fig. 16, wherein the current Is leads the 
voltage Ed by 45 degrees. 

the rectified voltages developed across the diode 

loads will be unequal, and, in the case cited, the 
output voltage will be negative with respect 
to ground. 

Summarizing the action described, you can 
readily see that if a varying frequency signal, 
one which varies in frequency around a mean, 
is applied to the discriminator network-pro- 
vided, of course, that the range of frequencies 
covered is not beyond the acceptance band- 
width of the discriminator transformer-a 
signal which changes in amplitude and polarity 
will be obtained. The output signal or audio 
signal amplitude, as you have seen, is deter- 
mined by the frequency deviation; for the less 

the frequency deviation, the less the departure 
from a 90 -degree phase relationship between 
the reactive voltages E, and E and E,. The 
greater the frequency deviation, the greater is 

the difference in angular displacement between 
E, and E and E3 and E,, so that the differen- 
tial voltage obtained from the diodes is greater. 
When viewed from the angle of audio inten- 
sity, the greater the differential voltage from 
the rectifiers, the louder the audio signal, since 

the extent of deviation at the transmitter is a 

function of modulating voltage level. The 
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greater the modulating voltage level within 
prescribed limits, the greater the deviation 
frequency. 

If the output voltage is plotted against input 
frequency, a response curve (identified as an 

"S" curve) is obtained. This is shown in Fig. 

18. The perpendiculars A and B illustrate the 
positive and negative values of the output audio 

voltage for some arbitrary frequency devia- 

tions. The amplitudes of A and B do not repre- 
sent the equal values of voltages applied across 

the diodes. These points (A and B) are repre- 
sentative of the extremes of deviation over 

which the output from the discriminator is 

linear. 

The Effect of Amplitude Modulation 

You will recall that the discusssion of dis- 

criminator action did not include any refer- 
ence to amplitude -modulated signals appearing 
at the input to the discriminator itself. Every- 

thing discussed was in terms of frequency 
deviation in order to show how a differential 
output was produced. It so happens that the 

type of discriminator we described is also re- 

sponsive to amplitude modulation of the input 
signal as well as frequency modulation. In 

20 - 

FREQUENCY 
ABOVE RESONANCE 

FREQUENCY 
BELOW RESONANCE 

-10 

-15 

-2.0- 
Fro. 18.-The "S" curve represents .the typical output 

characteristic of the discriminator circuit with the out- 
put a -f voltage plotted against the input frequency 
deviations. 

other words, if the limiter does not success- 

fully clip the amplitude variations that may 

appear upon an f -m signal or if an amplitude - 

modulated signal finds its way into the input 
circuit of the discriminator, the discriminator 
will respond to these amplitude variations and 

consequently the output will contain amplitude - 

modulation effects. It can be readily seen that 
while uniform amplitudes of signals which 
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deviate equally from the carrier frequency, 
will appear as signals of like amplitude at the 
appropriate diodes, any variation in amplitude 
will cause a variation in the respective signal 
voltages. 

Thus if for the sake of argument, at a sig- 
nal of 4.325 mc the limiter output results in an 
amplitude of 2 volts and at a signal of 4.275 mc 
the limiter output results in an amplitude of 
2.6 volts (these frequencies representing a 25- 
kc deviation from a center frequency of 4.3 
mc), the respective voltages applied to the 
diodes will be different and the output will con- 
tain amplitude -modulation effects. Since the 
possible reasons for amplitude modulation are 
representative of undesired conditions, as noise 
or interference, it is highly desirable to elimi- 
nate all response to amplitude modulation in the 
discriminator. 

The Ratio Detector 

In the preceding paragraph it was shown 
how the conventional discriminator was in it- 
self responsive to amplitude variations. This 
detection of a.m. was possible if the limiter did 
not function properly or if some a.m. happened 
to find its way into the input circuit of the 
discriminator. An f -m receiver not using a 
limiter stage but employing a detector that was 
unresponsive to a.m. but responsive to f.m., 
would be a decided advantage. Such a type of 
detector is known as the "ratio detector." 

The ratio detector used in some f -m re- 
ceivers is a discriminator because it converts 
frequency variations of the i -f carrier signal 
into amplitude variations, which appear as the 

Fic. 19.-A typical ratio -detector circuit using a duo - diode tube. Note that the two diodes are connected in 
series through the resistor R. The a -f output voltage is taken off point D. 

"HOW IT WORKS" 

audio output from the f -m receiver. In addi 
tion to acting like a conventional discriminator, 
this type of detector is made unresponsive to 
any amplitude variations of the input signal to 
the detector; consequently, the use of limiter 
stages ahead of the detector is not necessary. 
As is the case in numerous basic circuits, var- 
ious modifications of the ratio detector exist 
and our discussion will center around one of 
these types. 

All ratio detectors have two things in corn 
mon ; first, that phase shifting is the funda 
mental basis of converting frequency varia 
tions into amplitude variations (just as was 
described in the conventional discriminator 
circuit) ; second, the ratio detector output is 
proportional to the changes in the ratio be- 
tween the two input signal voltages applied to 
the diodes. If you will recall, the conventional 
discriminator output represents the differential 
voltage developed across the diode loads and 
that no matter what the increase or decrease 
in output voltage the ratio of the output volt- 
age across the diode loads always remains the 
same (for the same frequency), which output 
is proportional to the relative amplitudes of 
the input signal. 

A typical ratio detector circuit showing the 
basic components, is illustrated in Fig. 19. Two 
diodes or a duo -diode tube can be used in the 
ratio -detector circuit similar to the conven- 
tional discriminator circuit, but in Most cases 
a duo -diode tube is used. However, in the con- 
ventional discriminator circuit, the diodes are 
connected in an arrangement similar to push- 
pull, but in the ratio detector the diodes are 
connected in series. Examining Fig. 19, it will 
be seen that the plate of diode A is connected 
to the load resistor R, which in turn is con- 
nected to the cathode of diode B. The plate of 
diode B is connected to the cathode of diode A 
through the coil Lz to complete the series path 
of these two diodes. This type of hookup af- 
fords a quick means of distinguishing between 
a ratio detector and a conventional discrimina- 
tor circuit. The stage before the ratio de- 
tector is nothing more than the usual last i -f 
amplifier tube and it is often called the driver 
stage for the ratio detector. The load for this 
i -f tube is the tuned transformer, consisting of 
C L, and C2, L2. 

The voltage appearing across the tuned - 
primary circuit is coupled to the ratio -detector 
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circuit in the two ways similarly described 
under the discussion of the conventional dis- 

criminator circuit: first, by transformer action 
from coil L, to coil L, and second, by direct 
coupling through C, to the r -f choke coil, RFC. 
Consequently, as was pointed out, the voltage 
appearing across L, likewise appears across 
the coil RFC in the same magnitude and phase 
relationship. Also equal but out -of -phase volt- 

ages appear across the individual halves of the 
coil L,, the magnitude of these voltages depend- 

ing upon the closeness of coupling between L, 

and L,. The phase relationships among the 
voltages across coil L,, the voltage across RFC, 
and the individual voltages across the separate 
halves of coil Lt, are the same as those dis- 

cussed under the conventional discriminator 
circuit and illustrated by sine curves and vec- 

torial pictures at resonance and off -resonance 
conditions to which the transformer is tuned. 

Up to this point the analysis of the ratio de- 

tector and the previously described discrimina- 
tor circuit is practically the same. From here 
on, however, the difference between the opera- 
tion of these two f -m detectors manifests itself. 
Before understanding how this ratio detector 
removes amplitude modulation, the more fun- 
damental operation of the rest of the circuit 
should be understood. 

Examining the circuit of Fig. 19 once more, 

it is evident that since the diodes are connected 
in series they draw currenf in the same direc- 
tion relative to R, which is also in series with 
them. Consequently, using the convention for 

the flow of electrons from cathode to plate, the 
current I will follow the path indicated by the 
arrow and the top part of resistor R will be- 

come negative with respect to its bottom or 
grounded end. If the two tuned circuits L,, C, 

and L,, C, are both resonant to the.intermediate 
frequency and if an unmodulated i -f carrier 
signal (of the same frequency) were to be 

injected into the circuit from the i -f amplifier, 
then the two capacitors C4 and C, will both be 

charged to the same voltage due to the sym- 

metry of the circuit. 
Now if the i -f carrier were frequency -modu- 

lated, then the voltages appearing across capac- 
itors C4 and C5 would vary according to the 
modulation of the i -f carrier. The way this 
happens is as follows: It was mentioned that 
rectified current would flow in the direction 
shown in Fig. 19 and that the top portion of 

the resistor R would have a negative potential 
on it. The values of the resistor R and capaci- 
tor C are so chosen that they represent a long 

time -constant network. Usually the value of 

this time -constant network can vary anywhere 
between one -tenth of a second to one -quarter 
of a second and still be effective to the desired 
degree. (The value of the resistance in 

megohms multiplied by the capacitance in 

microfarads will indicate directly the value of 

the time constant in seconds) . Consequently, 
with a long time constant, it will take the ca- 

pacitor C quite some time to discharge fully 
through R. Therefore the negative voltage at 
the top of resistor R will remain practically 
constant over the range of the lowest audio 
frequency desired to be reproduced in the out- 

put of the set. In other words, a time constant 
of one -tenth of a second corresponds to a fre- 
quency of 10 cycles per second; therefore, for 
frequencies above 10 cycles per second, the 
duration of one cycle would be shorter than 
the time constant and so the voltage across the 
R -C combination will remain practically con- 

stant. (The higher the audio frequency, the 
shorter the duration of one cycle.) 

Since the voltage across R and C is constant, 
then the sum of the voltages across C4 and C, 

must remain constant. However, if the carrier 
frequency falls below the i.f. or rises above the 
i.f., the voltages appearing across C4 and C, 

will differ in value according to the degree of 

off -resonance conditions of the i -f signal. No 

matter what the difference between these volt- 
ages is, their sum always remains the same. 
Now if the i -f signal is frequency -modulated, 
the i.f. will vary above and below its resonant 
frequency according to the degree of frequency 
modulation. This accordingly will vary the 
voltages appearing across C4 and C, but in a 
certain proportion determined by the potential 
across the RC combination. Consequently, it 
can then be said that the difference between 
the voltages across' C4 and C, appearing at the 
junction point D, varies at an audio rate (due 
to the degree of frequency -modulation.) There- 
fore, the a -f output is taken off between point 
D and ground and applied to the audio section 
of the set. According to this type of hookup the 
voltage appearing across C4 will be larger than 
that across C, at frequencies below i.f., and 
above the i.f., the voltage across C, will be 

larger than that across C4. 
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180 RIDER'S VOLUME XV "HOW IT WORKS" 

Removal of Amplitude Modulation 

The basic part of the ratio detector in re- 
moving any amplitude modulation that ap- 
pears in the circuit, is the R -C time constant 
network of Fig. 19. In other words it is the 
constant voltage across resistor R that plays 
the primary role in the removal of a.m. Let us 
suppose an a -m signal appears at the input of 
the ratio detector and see what happens : 

Any a -m signal will tend to increase the out- 
put of the set and, of course, will increase the 
voltages across capacitors C, and C5. However, 
the voltage across the RC network cannot 
change rapidly enough to follow the a.m. due 
to the nature of the long time constant, and the 
amplitude modulation therefore cannot change 
the voltage across C, and C5. In other words, 
the capacitor C charges or discharges so slowly 
through R that the potential at the top of re- 
sistor R (or the plate of diode A) remains 
nearly constant and any amplitude modulation 
cannot change the voltage across capacitor C 
in step with this a.m. Consequently, sudden 
increases in amplitude of the f -m carrier will 
not have any effect in the output audio circuit 
because these sudden increases of amplitude 
cannot appear across either C. or C5 as a change 
in voltage. 

AVC From the Ratio Detector 

In the usual f -m receivers employing a 
limiter tube with a conventional discriminator 
circuit, avc is taken off the resistor in the 
limiter control -grid circuit because of the nega- 
tive voltage drop across this resistor due to 
grid current flow. In the sets employing a 
ratio detector, there is no limiter ; however, the 
voltage across the resistor R in Fig. 19 serves 
as a means of obtaining avc voltage. 

If capacitor C was removed from the circuit, 
then the voltage appearing across the resistor 
R will vary in accordance to the signal voltage 
of the received carrier. The capacitor C in 
conjunction with R offers a time -constant net- 
work that averages these changes appearing 
across R. That is, the time constant is not con- 
sidered large in this instant as compared to the 
effect it has on removal of amplitude modula- 
tion, in that it permits slow changes of voltage 
across R and C in accordance with slow changes 
in the received signal voltage. Therefore, the 

negative voltage at the top part of resistor R 
serves as a source of avc voltage. 

Ratio Detectors Used In Today's Receivers 

Since the ratio detector is a very recent de- 
velopment in f -m receivers, there are not many 
sets that use it. One circuit employing the 
ratio detector is illustrated in the Philco Model 
46-480 Code 121, on Philco page 15-16 of 
Rider's Volume XV, in which a duo -diode 
6H6GT/G tube is used in the ratio -detector cir- 
cuit, preceded by a 7H7 second i -f amplifier. 
The circuit may appear somewhat different 
than that illustrated in Fig. 19, but basically 
the underlying action is the same. 

In Fig. 20 is shown a ratio detector circuit 
as used in some of the RCA Victor f -m re- 
ceivers that employ ratio detectors. The funda- 
mental action of this circuit is the same as 
that of Fig. 19. 

Alignment of Ratio Detectors 

The ratio detector of Fig. 20 used in RCA 
Victor receivers is aligned as follows : 

1. Short L, with a short piece of wire. 
2. With an unmodulated carrier tuned ex- 

actly to the receiver i.f. applied to the driver 
grid, peak the driver tank for maximum avc 
voltage as measured with a high -resistance 
voltmeter. 

3. Remove the short on L, and connect two 
matched 75,000 -ohm resistors in series across 
R4. 

4. Connect a high -resistance voltmeter be- 
tween the junction of the two matched resistors 
and the junction of C. and C,. 

5. Using an amplitude -modulated carrier 
(30% at 400 cycles) tuned exactly to the re- 
ceiver i.f., and fed in at the driver grid, adjust 
the slug marked "tune" for zero balance on the 
voltmeter, and the slug marked "center" for 
minimum audio output at the speaker. 

6. Repeat step 2 without the short on L,. 
7. Repeat step 5 making sure that the "tune" 

and "center" adjustments occur simultaneously. 
In aligning ratio detectors, the zero -balance 

adjustment is the adjustment obtained by tun- 
ing from a positive voltage through zero to a 
negative voltage or vice versa, not the zero 
voltage reading obtained when the transformer 
is tuned to a freuuencv far removed from the 
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FIG. 20.-The ratio -detector 
circuit employed by RCA in 
several of their f -m receivers, 
the first of which is Model 
612V1. 

Courtesy RCA Mfg. Co.. 

F -M CIRCUIT FEATURES 181 

CENTER 

TUNE 

TO 
DRIVER 

--i H 

C2 

nominal i.f. of the receiver. Once the true zero 
balance is obtained, it will be possible to obtain 
a negative voltage by slightly shifting the 
balance adjustment in one direction, and a 

positive voltage by shifting the same adjust- 
ment in the other direction. If a vacuum -tube 
voltmeter is used for the zero balance adjust- 
ment, the serviceman should be sure that the 
meter does not ground the junction of the two 
75,000 -ohm resistors through the power line. 
A Volt-Ohmyst can be used by connecting the 

.005 MFD 

C3 
i500011 oIMFO 

.005 MGo 

C 
.005 

MFG) 
4. 

AV.C. 

MFD Z2000li - 
R3 

AUDto 

"COMMON" lead to the junction of the two 
75,000 -ohm resistors, and the "D -C VOLTS" 
lead to the junction of CJ and C4, making sure 
that the Volt-Ohmyst chassis does not come 

into contact with the receiver chassis. 
When aligning some ratio detectors, it may 

be necessary to disconnect the driver grid from 
its resonant grid circuit, and re -connect the 
grid to ground through a 50,000 -ohm resistor. 
The signal generator output will then be fed 
directly into the driver grid. 
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FOREWORD 

Volume XV is a continuation of the "Perpetual Trouble Shooter's 

Manual" series. In addition to this volume, Volumes I to XIV inclusive have 

been published. 
Inasmuch as owners of preceding volumes are familiar with the Man- 

ual and the nature of its contents, an elaborate description is not required. 

It might be well to state, however, that the information presented in Volume 

XV is as complete as possible, every effort having been made to present to 

the users of this volume all the servicing data available together with tech- 

nical data derived in our laboratory. 
A feature of Volume XV is the grouping of the automatic record 

changer material in the rear of the book. It will be noted that the folios of 

these record -changer pages are preceded by RCD.CH. to distinguish them 

from the folios of the rest of the volume. In order to facilitate the use of 

these data, reference to them is made on the page containing the schematic 

diagram of the combination receiver employing an automatic record 

changer. Such references are similarly made in this index. 

The data covering several of the automatic record changers used with 

receivers published in Volume XV, have been published in Rider's "Auto- 

matic Record Changers and Recorders." Reference is made to this material 

and in this index. It is indicated by the letters "A.R.C.&R." followed by the 

page number. 
In some instances, it was necessary to combine the data of different 

receivers on the same page in order to conserve space. If this is the case, ref- 

erences to such material are made on the page containing the schematic dia- 

gram of the set whose data are not on the immediately following pages. 

Another feature is the placing of the "clarified schematics" on the page 

or pages following the schematic diagram of each multi -band receiver, in- 

stead of grouping them in the rear of the book, as was done in Volume XII. 

Thus the user of this Manual will have on succeeding pages the breakdowns of 

the circuits, showing what components are functioning for each position of 

the band switch. In some instances, much more than the r -f, converter, oscil- 

lator, and i -f circuits are shown in the "clarified schematics" because of the 

complexity of the circuits affected by the switching. 
The data on amplifiers in general have been omitted except where a 

manufacturer employs a separate chassis for the a -f amplifier which is used 

with one or more receivers as part of a complete set. 

On Magnavox pages 15-80 to 15-90 inclusive will be found a listing of 

this manufacturer's complete line of sets from 1937 to 1946. With the use of 

this list and the indexes to former volumes, the data of the main components 

of any Magnavox set can be located in the Manual. Instructions for the use 

of this means of identification will be found on Magnavox page 15-79. 
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HOW TO USE THIS INDEX 
The Volume XV Index differs from previous indexes to the "Perpetual 

Trouble Shooter's Manual," Volumes I to XIV. The main difference is that 
the index pertaining to the automatic record changers follows the index to 
the receivers. In other words, the index of the Admiral record changers fol- 
lows the index of the pages of the Zenith receivers. In those cases where a 
receiver manufacturer also makes record changers, such as Farnsworth and 
RCA, two listings will be found in this index. 

An example of the use of this index is as follows: 

THE CROSLEY CORP. 
MODEL PAGE 
66CA, 66CP, 66CQ Schematic, socket, trimmers 15-17 

Record Changer (Model 66CP) : 

Seeburg Model K RCD.CH. 15-1 
General Instrument Model 204 RCD.CH. 15-1 

Record Changer (Model 66CQ) : 

General Instrument Model 204 RCD.CH. 15-1 

This means that the schematic, socket layout, and trimmer locations 
for Crosley Models 66CA, 66CP, and 66CQ are found on Crosley page 15-17 
in the Crosley section of the Manual, each model employing the same cir- 
cuit. Either one of two record changers are used with Model 66CP; one is 
the Seeburg Model K, which is found on RCD.CH. SEEBURG Page 15-1 
and the other is the General Instrument Model 204, found on RCD.CH.GEN. 
INST. Page 15-1. This latter changer is used also with the Model 66CQ. 

In the event that a receiver combination employs a record changer the 
data of which have been published in Rider's "Automatic Record Changers 
and Recorders," reference is then made to that book, thus: 

SCOTT RADIO LABORATORIES 

All Wave 15 Early Record Changer: 
Garrard Model RC6 A.R.C.&R.173 
Garrard Model RC10 A.R.C.&R.187 
Garrard Model RC30 A.R.C.&R.198 
Garrard Model RC50 A.R.C.&R.198 
Seeburg Model B A.R.C.&R.551 
Seeburg Model BR A.R.C.&R.567 

The numbers following the letters, A.R.C.&R., indicate the page on 
which the data pertaining to that particular model start. The above series 
of listings of record changer model numbers means that any one of the six 
is used with this model receiver. 
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INDEX 
ADMIRAL CORP. 

3800 CORTLAND ST. 
CHICAGO 47, ILL. 

MODEL 
AM3 Schematic, alignment, socket, 

trimmers 15-1 
Clarified schematics 15-2 
Clarified schematics 15-3 

4A1, Issue B Schematic, voltage, socket, note.. 15-4 
Alignment, trimmers, dial data... 16-5 

C4 Schematic, socket, trimmers 15-6 
Alignment, coil data 15-7 

D4 Late Schematic, socket, trimmers 16-8 
Alignment, coil data 15-7 

5B1, Phono, Issue A Schematic, voltage, dial data, 
socket, changes 15-9 

Record Changer: 
Admiral Model RC150 

RCD.CH. 15-1 
Admiral Model RC160 

RCD.CH. 15-11 
Admiral Model RC160A 

RCD.CH. 15-17 
Alignment, parta list 15-12 

5B1, Non -Phono, Issue B Schematic, voltage, dial data, 
socket, changes 15-10 

Alignment, parts list 15-12 
5B1A, Issue B Schematic, switch data 15-11 

Record Changer: Admiral Model 
RC160A ROD.CH. 15-17 

Alignment 15-12 
E5 Schematic, alignment, socket, 

trimmers 15-13 
5F -5F -PH Schematic, alignment, socket, 

trimmers 15-14 
6A1, Issue B Schematic, voltage, socket, dial 

data, changes 15-15 
Alignment, parts list 15-12 

6E1, 6E1N Schematic, voltage, socket 15-16 
Alignment, socket, trimmers, dial 

data, change 15-17 
M6 Schematic, voltage, coil data . 15-18 

Clarified schematics 15-19 
Alignment, socket, trimmers, 

parts list 15-20 
AM6 Schematic, socket, trimmers, 

alignment 15-21 
Clarified schematics 15-2 
Clarified schematics 15-3 

7K Schematic, voltage, socket, coil 
data 15-22 

Alignment, socket, trimmer, 
parts list 15-23 

7159 Schematic, socket, voltage, coil 
data 15-24 

e Clarified schematics 15-25 
Alignment, socket, parts list, 

trimmers, push button 15-26 
10A1 Schematic, voltage, socket, 

trimmers 15-27 
Clarified schematics 15-28 
Clarified schematics 15-29 
Alignment, trimmers, push but- 

ton, dial data 15-30 
Parts list 15-31 

A77 Schematic, voltage 15-32 
Clarified schematics 15-33 
Alignment, socket, trimmers, 

coil data 15-34 

PAGE 

AERMOTIVE EQUIPMENT CORP. 
1632 CENTRAL ST. 

KANSAS CITY 8, MO. 

181 -AD Schematic Misc. 15-1 

AETNA 
See WALGREEN 

AIR CASTLE 
See SPIEGEL 

AIR CHIEF 
See FIRESTONE TIRE & RUBBER CO. 

AIR KING PRODUCTS CORP. 
1523 63RD ST. 

BROOKLYN 19, N. Y. 
MODEL PAGE 
4601 Schematic 15-1 
4602 4603 Schematic, alignment 15-2 
4602B Schematic, alignment 15-2 
4604, 4604A Schematic, alignment, socket, 

trimmers 15-3 
Clarified schematics 16-4 

4607, 4607A, 4608, 4608A .... Schematic 15-5 

AIRLINE 
See MONTGOMERY -WARD 

ALLIED RADIO CORP. 
833 W. JACKSON BOULEVARD 

CHICAGO 7, ILL. 
6A-122 Schematic, voltage, socket 15-1 

Clarified schematics 15-2 
Alignment, socket, trimmers, 

chassis, dial data 15-3 
6A-127 Schematic, voltage, socket 15-4 

Alignment, socket, trimmers, 
chassis, dial data 15-5 

AMERICAN COMMUNICATIONS CORP. 
306 BROADWAY 

NEW YORK 7, N. Y. 

513 Schematic Misc. 15-2 

AMPHITRON 
See PREMIER CRYSTAL LABS. 

ANDREA RADIO CORP. 
43-20 34TH ST. 

LONG ISLAND CITY 1, N. Y. 
PI -63 Schematic, coil data, trimmers, 

16-1 notes 
Clarified schematics 15-2 

ANSLEY RADIO CORP. 
41 ST. JOE'S AVENUE 

TRENTON 9, N. J. 
32 Schematic 15-1, 2 

Clarified schematics 15-3 
Alignment 15-4 

41, 41A Schematic 15-5 
Alignment 15-6 

ARVIN 
See NOBLITT SPARKS INDUSTRIES 

AUTOMATIC RADIO MPG. CO., INC. 
122 BROOKLINE AVE. 

BOSTON 16, MASS. 

0-80 Schematic, socket, chassis .......... 16-1 

601, 602 Schematic, socket 15-2 
Alignment 15-4 

611 Schematic 15-2 
Alignment 16-4 

612% Schematic, socket 
15-415-2 Alignment 

613X Schematic, socket 
15-415-5 Alignment 

614X, 616X, Early and 
Series C Schematic, socket 

15-415-5 Alignment 
630 Schematic, socket 15-2 

Clarified schematics 16-3 
640 Schematic, socket 15-75-7 

Alignment 
650 Schematic, socket 15-7 

Record changer: Seeburg 
Model K ROD.CH. 16-2 

Alignment 15-4 
660, 662, 666 Schematic, socket 16.5 

Clarified schematics 15-6 
670 Schematic, socket 15-8 

Record changer: Seeburg 
Model E RCD.CH. 15-2 

Alignment 15-4 
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4B17 Schematic, voltage, socket, 
trimmers, dial data 

Alignment, parts list 
Schematic, voltage, socket, 

trimmers, dial data 
Alignment, parts list 

5D128 Schematic, voltage, socket, 
trimmers, dial data 

Alignment, push button, notes, 
parts list 

Schematic, voltage, socket, 
trimmers 

Alignment, dial data, push 
button, parts list 15-7 8A69 Schematic, voltage 15-8 

Record Changer: General Instru- 
ment Model 205 RCD.CH. 15-5 

Clarified schematics 15-9 
Clarified schematics 15-10 
Alignment, socket, trimmers, 

dial data 
Push button, parts list 

BENDIX RADIO DIV. 
EAST JOPPA ROAD 
BALTIMORE 4, MD. 

526A, 528B, 5260, 52611, 
526E, Preliminary Schematic, voltage, resistance, 

alignment, dial data 15-1 Parts list 15-2 636A, 636C, 636D Schematic, voltage, resistance, 
alignment, dial data, socket, 
trimmers 15-3 Parts list 15-4 646A Preliminary Schematic, voltage, alignment, 
resistance, socket, trimmers, 
dial data 15-5 Parts list 15-6 656A Preliminary Schematic, voltage, resistance, 
alignment, socket, trimmers.... 15.7 Record Changer: General Instru- 
ment Model 205 RCD.CH. 15-5 Dial data, parts list 15-8 676B, 6760, 676D Schematic, voltage, alignment, 
socket, trimmers, dial data, resistance 15-9 Record Changer: General Instru- 
ment Model 205 RCD.CH. 15-5 

Clarified schematics 15-10 
788E Parts list 15-8 Schematic 15-11 Record Changer: General Instru- 

ment Model 205 ......RCD.CH. 15-5 Clarified schematics 15-12 Clarified schematics 15-13 Parts list 15-4 Alignment, socket, trimmers, 
coil data 15-14 Voltage, resistance, dial data, 
switches 15-15 

BREWSTER 
See MEISSNER MFG. DIV.-MAGUIRE INDUSTRIES INC. 

BRUNSWICK 
See RADIO & TELEVISION INC. 

BUICK DIV.-GENERAL MOTORS 
FLINT 2, MICH. 

980744, 980745 Schematic, voltage, push button.. 15-1 
Alignment, socket, trimmers, 

chassis, voltage, socket 
Transformer connections, tuner 

assembly 
Tuner coils, parts list 

AUTOMATIC RADIO 
CORONADO 

MODEL 
AUTOMATIC RADIO MPG. CO., INC.-(Cont.) 

PAGE 
677 Schematic, socket 15-7 

Record changer: Seeburg 
Model K RCD.CH. 15-2 

Alignment 15-4 

BELLE ELECTRONICS CORP. 
70 WASHINGTON ST. 
BROOKLYN 1, N. Y. 

185-P Schematic, alignment, socket, 
trimmers, notes 15-1 126 Schematic, alignment, socket, 
trimmers 15-2 

BELMONT RADIO CORP. 
6921 WEST DICKENS AVE. 

CHICAGO 39, ILL. 

4B112, 4B113 

6D111, Series A 

15-1 
15-2 

15-3 
15-2 

15-4 

BUTLER BROS. 
CHICAGO, ILL. 

N5 -RD -250, Chassis 9022N; 
N5 -RD -251, Chassis 9022H.. Schematic, voltage, socket, dial 

data, coils 
Alignment, socket, trimmers, 

gChassis 

902211, 9022N Seee Model 
note 

N5RD-250 

15-5 

15-6 

15-11 
15-12 

MODEL PAGE 
7253207 Schematic 15-1 

Alignment, socket, trimmers, 
chassis 15-2 

Voltage, tuner coils, trans- 
former data 15-3 Tuner assembly 15-4 Parts list 15-5 

CARR-NAGY CORP. 
330 EAST 23RD ST. 

NEW YORK 10, N. Y. 
100-62 Schematic 15-1 

Clarified schematics 15-2 
Alignment, socket, trimmers, 

dial data 15-3 

CHANCELLOR 
See RADIONIC EQUIPMENT CO. 

CHEVROLET DIV.-GENERAL MOTORS 
DETROIT 2, MICH. 

985986 Schematic 15-1 
Circuit description, alignment, 

part 1 15-2 
Alignment, part 2, socket, 

trimmers, replacements 15-3 
Replacement notes 15-4 
Tone control circuit, voltage, 

chassis 15-5 
Top view chassis 15-6 
Rear view tuner, dial 

pointer assembly 15-7 
Top view of tuner 15-8 Parts list 15-9 

CHRYSLER 
See COLONIAL 

CADILLAC DIV.-GENERAL MOTORS 
DETROIT 2, MICH. 

CLARION 
See WARWICK MFG. CO. 

COLONIAL RADIO CORP. 
254 RAND ST. 

BUFFALO 7, N. Y. 
600, Chrysler MoPar 

Universal Schematic, voltage, socket 15-1 
Alignment 15-2 
Socket, trimmers, chassis, dial 

data, parta list 15-3 

6D61B, 6D61X, Chassis 
579 Schematic, chassis 

Alignment, voltage, socket, 
trimmers, dial data 6D61P, Chassis 554 Schematic, chassis 

Record Changer: Concord 
Model 6D3ARC ROD.CH. 15-1 Alignment, voltage, socket, 
trimmers, dial data 15-6 6D62W, Chassis 572 Schematic, voltage, dial data .... 15-7 

Clarified schematics 15-8 Alignment, socket, trimmers, 
Chassis 554 

chassis, parts list 15-9 
Chassis 571, 571A,571B 

See Model 6D 
Chassis 572 

See Model 6D51B 
1P 

See Model 6D62W Chassis 579 See Model 6D61B 

15-2 CONTINENTAL ELECTRONICS, LTD. 
81 PINE ST. 

15-3 NEW YORK 5, N. Y. 
15-4 82 Schematic Misc. 15-3 

CORONET RADIO & TELEVISION CO. 
FRONT STREET 

HEMPSTEAD, L. I., N. Y. 
45W Schematic Misc. 15-2 

CORONADO 
15-2 See GAMBLE SKOGMO INC. 

Also see WESTERN AUTO SUPPLY OF CALIFORNIA 

629, Chrysler MoPar 
600 Schematic, voltage, socket 15-4 

Alignment, socket, trimmers 15.5 
Dial data, chassis, parts list 15-6 Parts list 15-7 671, 671A Chrysler MoPar 

601, 602 Schematic, dial data, voltage, 
socket 15-8 Alignment, circuit description 15-9 Parts list, socket, trimmers, 
chassis 15-10 

CONCORD RADIO CORP. 
901 WEST JACKSON BOULEVARD 

CHICAGO 7, ILL. 
6D51B, Chassis 571; 6D51I; 

Chassis 571A; 6D51W, 
Chassis 571B Schematic, chassis 15-1 Alignment, voltage, socket, 

trimmers, dial data 15-2' 

15-1 

15-3 

15-4 
15.6 
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R-1234, R-1235 

CORONET 
See CRYSTAL PRODUCTS CO. 

CROMWELL 
See W. T. KNOTT 

THE CROSLEY CORP. 
BROADWAY AT SEVENTH ST. 

CINCINNATI, OHIO 
MODEL 
46FA, 46FB Schematic, socket, trimmers 15.1 

Clarified schematics 15-2 
Alignment, voltage, socket 15-3 
Parts list 15-4 

56FA, 56FB Schematic, socket, trimmers 15-5 
Clarified schematics 15-6 
Alignment, voltage 15-7 
Parts list 15-4 

56PA, 56PB Schematic, voltage, socket 15-29 
Alignment, trimmers 15-30 
Parts list 15-31 

56TA, 56TC, 56TW 
ClarifiedSchemat1c, 

socket, 
schematics 

trimmers 15-8 
15-9 

Alignment, voltage 15-10 
Parts list 15-13 

56TÁ -L, 56TC-L, 56TW-L .... Schematic, socket, trimmers, 
15-11 voltage 

Clarified schematics 15-12 
Alignment 15-10 
Parts list 15-13 

CORONET 
ESPEY 

ELECTRONIC CORP. OF AMERICA 
170 53RD ST. 

BROOKLYN 20, N. Y. 
MODEL PAGE 
Chassis AA See Model 101 
Chassis AP See Model 121 
101, 102, 133, Chassis AA Schematic 16-8 

Alignment 15-6 
Dial drive assembly 15-4 
Schematic 15-1 

PAGE Record Changer: General Instru- 
ment Model 205 RCD.CH. 15-5 

Alignment, voltage, socket, 
trimmers, dial data 15-2 

Schematic, voltage 16-7 
Alignment, socket, trimmer, 

chassis 15-8 
Dial drive data, notes 15-9 
Parts list, notes 15-10 
Schematic 15-5 
Alignment 15-6 
Dial drive assembly 15-4 

ELECTROMATIC MFG. CORP. 
88 UNIVERSITY PLACE 

NEW YORK 3, N. Y. 

AR -501 Schematic 15.1 
512 Schematic 16-2 

56TG, 56TH, 56TJ, 56TG-O, 
56TH -O, 56TJ-O Schematics 15-32 

Trimmers, socket, chassis 15-34 
Alignment 15-35 
Voltage, socket 15-36 
Parts list 15-37 

56TG-M, 56TH -M, 56TJ-M .... Schematic, 
aic 

oscillator shunt 
schematics 15-33 

Trimmers, socket, chassis 15-34 
Alignment 15-35 
Voltage, socket 15.36 
Parts list 15-37 

86TS Schematic, socket, trimmers 15-14 
Clarified schematics 15-15 
Alignment, voltage, parts list 15-16 

660A, 660P, 68CQ Schematic, socket, trimmers 15-17 
Record Changer (Model 66CP) 

Seeburg Model K RCD.CH. 15-1 
General Instrument 204 

RCD.CH. 
(Model 68CQ) : General In- 
strument 204 RCD.CH. 15-1 

Clarified schematics 15-18 
Alignment, voltage 15-19 
Parts list 15-20 

66TA, 66TO, 66TW Schematic, voltage . i 15-21 
Clarified schematics 15-18 
Alignment, socket, trimmers 15-22 
Alignment notes, parts list 15-23 

1060P ... Schematic 15-24 
Record Changers: Seeburg 

Model L RCD.CH. 
Clarified schematics 
Clarified schematics 
Alignment, voltage, socket, 

trimmers 
Push button, parts list 

CRYSTAL PRODUCTS CO. 
1519 McGEE TRAFFICWAY 

KANSAS CITY, MO. 
C-2 Coronet Schematic 

Alignment, parts list 

DELCO RADIO DIV.-GENERAL MOTORS 
KOKOMO, IND. 

Schematic 15-1 
Alignment, socket, trimmers, 

dial data, voltage 15-2 
Chassis, coil data, parts list 15-3 

104, 105, 106, Early 

108 

121, Chassie AP 

ELECTRONICS LABORATORIES, INC. 
122 WEST NEW YORK ST. 
INDIANAPOLIS, INDIANA 

2701 Schematic, voltage, socket 15.1 
Alignment, trimmers, dial data, 

parts list 16-2 

EMERSON RADIO & PHONOGRAPH CORP. 
111 EIGHTH AVE. 

NEW YORK 11, N. Y. 

501, 502, 503, 504, 510, 520, 
539, Chassis 120,000, 
120,029; 519, Chassis 
120,030; 525, Chassis 
120,037 Schematic, voltage, alignment .... 16-1 

Socket layout 15-12 
Parts list 15-2 

505, 523, Chassis 120,002 ...... Schematic, chassis 15-3 

15-1 
Alignment, voltage, parts list 15-4 
Socket, battery data 15-13 

506, Chassis 120,003 Schematic, voltage 15-5 
Record Changer: 

General Instrument Model 
204 RCD.CH. 15-1 

General Instrument Model 
205 RCD.CH. 15-5 

Alignment, dial data, parts list.. 15-6 
Socket layout 15-12 

»EWALD RADIO MFG. CORP. 
440 LAFAYETTE ST. 
NEW YORK 3, N. Y. 

A500, A501, A502, A503 Schematic, alignment 
A602, A605 Schematic, alignment 

Record Changer: General Instru- 
ment Model 204 RCD.CH. 15-1 

ECHOPHONE RADIO 
A HALLICRAFTERS PRODUCT 

4401 WEST FIFTH AVENUE 
CHICAGO 24, ILL. 

EC -112, EC -118 Schematic, voltage, coil data 15-1 
Clarified schematics 15-2 
Alignment, socket, trimmers 15-3 
Dial data, sensitivity, chassis 15.4 
Parts list 15-5 

EO-600 Schematic, sensitivity, note 15-6 
Alignment, socket, trimmers 15-7 
Dial data, voltage 15-8 
Chassis, parts list 15-9 

507, 509, 511, 517, 518, 522, 
541; Chassis 120,005, 
120,010 Schematic, revision 

16-18 Alignment, voltage 
15-25 Socket layout 
15-26 Parts list 

15-27 
508, Chassis 120,008 

AlignmaentSchem, parts 
voltae 

list 
notes 

15-28 Socket, battery data 
509 See Model 507 
510 See Model 501 
511 See Model 507 
512, 515, 516, Chassis 

15-1 
120,006 Schematic 15-11 

15-2 
Socket layout 15-12 

518 See Model 507 
520 See Model 601 

See Model 507 
See Model 505 
See Model 601 
See Model 501 
See Model 507 

120,000 See Model 501 
120,002 See Model 605 
120,003 See Model 506 
120,005 See Model 507 
120,006 See Model 512 
120,008 See Model 508 

15-1 120,010 See Model 507 
15-2 120,029 See Model 501 

120,030 . See Model 501 
120,037 See Model 501 

ESPEY MPG. CO., INC. 
523 EAST 72ND ST. 

NEW YORK 21. N. Y. 
RR -13L Schematic 15-1 

Clarified schematics 16-2 
RR -14 Schematic 15-3 

Clarified schematics 15-4 
Clarified schematics 15-5 
Socket, trimmers 15-6 

XFJ-97 Schematic 15-7 
581 Schematic 15-8 

Clarified schematics 15-9 
Socket, trimmers, notes, parts 

list 15-10 

517, 
519, 
522 
523 
525 
539 
541 
Chassis 
Chassis 
Chassis 
Chassis 
Chassis 
Chassis 
Chassis 
Chassis 
Chassis 
Chassis 

15-7 
15-8 
15-12 
15-2 
15-9 
15-10 
15-13 

www.americanradiohistory.com



ESPEY MFG. CO., INC.-(Cont.) 

4A21, 4A22, Adam 

4A21%, 4A22% 

4A23, Interceptor 

4A24 

ET -064, ET -065, Chassis 
0-158; ET -066 Chassis 
C-159 

Chassis C-150 
Chassis C-152, 153 
Chassis C-158, 0-159 
Chassis C-162 
EC -260 Chassis C-162; 

EX -262, EK-263, EK-265, 
Chassis C-152; EK-264, 
Chassis C-153 

ESPEY 
GALVIN 

MODEL 
651, 652, 653, 6511, 6511/2, 

6514, 6516, 6520, 6541, 
6545, 6547, Chassis FJ-97.. Schematic, alignment, socket, 

trimmers 15-11 
Dial data, parts list 15-12 

6511, 6511/2, 6514, 6516, 
6520, 6541, 6545, 6547 See Model 651 

6611, 6613, 6630 6632, 
6634, Chassis FJ-97A Schematic 15-13 

Record Changer: Seeburg 
Model K RCD.CH. 15-2 

Clarified schematics 15-14 
9162 Schematic 15-15 

Clarified schematics 15-16 

FADA RADIO & ELECTRIC CO., INC. 
30-20 THOMSEN AVE. 

LONG ISLAND CITY 1, N. Y. 
602, 637 Schematic 15-1 

Record Changer: General Instru- 
ment Model 205 ROD.CH. 15-5 

605 Schematic 15-2 
Alignment, socket, trimmers, 

parts list 15-3 
609 Schematic 15-2 

Alignment, socket, trimmers, 
parts list 15-3 

652 Schematic 15-4 
Alignment, socket, trimmers,. 

parts list 15-5 
1000 Schematic 15-6 

Alignment, socket, trimmers, 
parta list 15-5 

THE FIRESTONE TIRE & RUBBER CO. -(Coat.) 
PAGE MODEL PAGE 

4A25 Schematic, gain 15-26 
Alignment, socket, trimmers, 

chassis 15-27 
Voltage, parts list 15-12 4A31, Rhapsody Schematic, voltage, resistance .... 15-28 
Alignment, socket, trimmers, 

dial data, parts list 15-29 4B1, Supreme Schematic, gain, voltage, re- 
sistance 15-30 

Record Changer: Farnsworth 
Model P-51 RCD.CH. 15-1 

Push button, assembly, notes .... 15-31 
Alignment, socket, trimmers, 

4B2, DeLuae 
parts list 15-32 

Schematic, alignment, socket, 
trimmers 15-33 

Voltage, resistance, assembly . 15-34 
4A43 Parts list ,,. 15-32 

Schematic 15-37 
Record Changer: Detrola Model 

550 RCD.CH. 15-1 
Alignment, socket, trimmers, . 

dial data 15-38 
Voltage, chassis, parts list ..15-39 7398, 7398-9Z Schematic 15-35 
Alignment, socket, trimmers 15-36 

FLUSH WALL RADIO CO. 
15 WASHINGTON ST. 

NEWARK 2, N. J. 
5P Schematic Miac. 16-4 

FARNSWORTH TELEVISION AND RADIO CORP. 
FORT WAYNE, INDIANA 

ET -060, ET -061, ET -063 
Chassis 0-150 Schematic, voltage, resistance .... 15-1 

Clarified schematics 15.2 
Alignment, socket, trimmers, 

dial data 15-3 
Parts list, notes 15-4 

Schematic, voltage, resistance 15-5 
Alignment, socket, trimmers, 

dial data 15-6 
Parts list 15-7 
See Model ET -060 
See Model EC -260 
See Model ET -064 
See Model EC -260 

Schematic, voltage, resistance .... 15-8 
Record Changer: Farnsworth 

Model P-51 RCD.CH. 15-1 
Alignment, socket, trimmers, 

dial data 15-9 
Parts list 15-7 

THE FIRESTONE TIRE & RUBBER CO. 
AKRON 17, OHIO 

Adam See Model 4A21 
Commentator See Model 4A2 
DeLuxe See Model 4B2 
Interceptor See Model 4A23 

See Model 4A31 
See Model 4B1 
Schematic, voltage, socket, coil 

data 15-1 
Alignment, trimmers, dial data 15-2 
Gain data 15-6 

4A20 Schematic, coil and switch data 15-3 
Clarified schematics 15-4 
Alignment, socket,. trimmers 15-5 
Gain, voltage 16-6 
Schematic, voltage, socket, 

switch data, notes ... 15-7, 8 
Clarified schematics 15-9 
Alignment, socket, trimmers 15-10 
Gain, coil and dial data 15-11 
Push button data 15-12 
Schematic, voltage, switch data, 

socket 15-13 
Clarified schematics 15-14 
Alignment, socket, trimmers 15-15 Push button and dial data 15-16 
Gain data, notes 15-17 
Coil data, parts list 15-18 
Schematic, voltage, socket, 

switch data 16-19, 20 
Clarified schematics 15-21 
Alignment, socket, trimmers, 

notes 15-22 
Gain, dial, and coil data, lead 

dress 15-23 
Schematic, voltage, gain 15-24 
Alignment, socket, trimmers, 

chassis 15-25 Parts list 15-17 

Rhapsody 
Supreme 
4A2, Commentator 

GALVIN MFG. CORP. 
4545 AUGUSTA BOULEVARD 

CHICAGO 61, ILL. 
Chassis HS -1 See Model 55%11 
Chassis 11S-2 See Model 65%11 
Chassis AO3 See Model 47-D1 
Chassis AO4 See Model 49-B 
Chassis AO5 See Model 50-P 
5A1, Chassis HS -6 Schematic, voltage, socket 15-1 
5A5, Chassis HS -15 Schematic voltage, socket 15-2 Chassis B5-1 See Model 52T 
Chassis B5-2 See Model 56T 
Chassis 6-3 See Model 6% 
Chassis 6-5 See Model 6A1 
Chassis 6-6 See Model 6% 
Chassis AO6 See Model 46.0 
6A1, Chassis 6-5 Schematic 15-3 

Clarified schematics 15-4 
Alignment 15.5 D6 Schematic 15-6 
Alignment 15-13 

6%, Chassis 6-3, 6-6 Schematic 15-6 BK6, Chassis AS -22 Schematic, voltage, socket 15-8 
Alignment 15-9 

CR -6, Chassis AS -19 Schematic, voltage, socket ........ 15-10 
Alignment 15-9 

FD -6, NH -6, Chassis AS -27, 
AS -30 Schematic, voltage, socket 15-12 

Chassis HS 6 
Alignment 15-9 
See Model 5A1 

0E-6, PC -6 See Model CT -6 
Chassis ES -7 See Model 65L11 
Chassis HS -8 See Model 45B12 
T-8 Schematic, alignment 15-13 
9-39 Schematic 15-14 

Voltage 15-15 
Alignment, socket, trimmers, 

gain, sensitivity 15-16 
Parts list 15-17 10T Schematic 15-18 Chassis A-11 See Model 49 -BU 

Chassis AS -13 See Model 405 
Chassis AS -14 See Model 505 
Chassis AS -16 See Model 605 
E15T, E16T, E19T, E22T, 

E23T Tuners Schematics, notes 15-19 
Parts list 15-20 

Chassis HS -15 See Model 5A5 
Chassis AS -16 See Model 705 
Chassis E16T See Model E15T 
Chassis A-17 See Model 47-D2 
Chassis A-18 See Model 47-D2A 
Chassis AS -18 See Model 0E-6 ' 

Chassis AS -19 See Model CR -6 
E19T See Model E15T 
Chassis AS -22 See Model BK -6 
E22T See Model E15T 
Chassis AS -23 See Model PC -6 
E23T See Model E15T 
Chassis AS -24 See Model CT -6 
Chassis HS -26 See Model 65F21 
Chassis AS -27 See Model FD -6 
Chassis A-28 See Model 302 
Chassis A-29 See Model 352 
Chassis AS -30 See Model NH -6 
Chassis A-31 See Model 452 
Chassis HS -31 See Model 65F11 
Chassis A-32 See Model 552 
Chassis HS -32 See Model 65T21 

CT -6, 0E-6, PC -6, Chassis 
AS -24, AS -18, AS -23 Schematic, voltage, socket 15-11 

Alignment 15-9 
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GALVIN MFG. CORP.-(Cont.) 
MODEL 
Chassis HS -83 See Model 65T22 
39B-1 Schematic, voltage, socket 

Dial data, gain, sensitivity 
Dial data, alignment, socket, 

trimmers 
Parts list 

alB-2 Schematic, voltage, socket 
Dial data, gain, sensitivity 
Dial data, alignment, socket, 

trimmers 
Parts list 

45B12, Chassis HS -8 Schematic 
Alignment, socket, trimmers, 

dial data 
Chassis, voltage 
Parts list 

46-0, Chassis A06 Schematic, 
Parts list 

47-D1, 47-D1A, Chassis A08 Schematic, 
Parts list 

PAGE 

15-21 
15-22 

15-23 
15-24 
15-25 
15-22 

15-23 
15-26 
15-27 

15-28 
15-29 
15-30 

voltage, socket 15-31 
15-32 

voltage, socket 15-33 
15-34 

47-D2, Chassis A-17; 47-D2A, 
Chassis A-18 Schematic, voltage, socket 15-36 

Parts list 15-35 
49-B, Chassis A04; 49 -BU, 

Chassis All Schematic, 
Parts list 

50-P, Chassis A05 Schematic, 
Parts list 

Chassis HS -50 See Model 
Chassis HS -51 See Model 
52-S Schematic, 

Parte list 
52T, 52Y; Chassis B6.1 Schematic 

Alignment 
55X11, 55%12, 55%13 Chassis 

HS -1; 55X11A, 55k12A, 
55%13A, Chassis HS -50 Schematic, dial data, note 15-45 

Alignment, voltage, socket, 
trimmers, resistance 15-48 

Parts list, dial data 15-49 

voltage, socket 15-37 
15-38 

voltage, socket 15-40 
15-41 

55X11A 
65X11A 
voltage, socket 15-42 

15-43 
15-44 
15-5 

55X11, 55X12, 55%13, Chassis 
HS -1 Chassis 15-46 

56%11A, 55%12A, 55%13A, 
Chassis HS -50 Chassis 15-47 

66T, 56Y, Chassis B5-2 Schematic 15-51 
Clarified schematics 15-52 
Alignment note . 15-5 
Alignment, voltage, socket, 

trimmers 15-55 
57BP1A, 57BP2A, 57BP3A, 

57BP4A Schematic, voltage, alignment, 
socket, trimmers 

Gain, sensitivity, parts list 
65F11, 65F12, Chassis HS -31 Schematic, notes 

Record Changer: Galvin Model 
B -24R0 RCD.CH. 

Voltage, resistance, dial data ... 
Alignment, socket, trimmers 
Bottom view of chassis 
Parts list 

65F21, Chassis ES -26 Schematic, voltage, socket 
Record Changer: Galvin Model 

B-24RC RCD.CH. 
Clarified schematics 
Schematic, voltage, socket 
Alignment, socket, trimmers 
Chassis 
Parts list 

65L11, 66L12, Chassis HS -7 

65T21, Chassis HS -32; 
65T21 -B, Chassis HS -67 

65T22, Chassis HS -33 

65X11, 65%12, 65%13, 65X14, 
65%14B, Chassis HS -2; 
65X11A, 65%12A, 65%13A, 
65%14A, 65%14BÁ, Chassis 
HS -51 

4 65BP1A, 
65BP2A, 66BP3A, 

Chassis HS -67 
302, Chassis A-28 

352, Chassis A-29 

405, Chassis AS -13 

452, Chassis A-31 

505, Chassis AS -14 

550-A 

852, Chassis A-32 

605, Chassis AS -15 

15-54 
15-55 
15-85 

15-1 
15-86 
15-87 
15-88 
15-89 
15-56 

15-1 
15-57 
15.58 
15-59 
15-60 
16-61 

Schematic, voltage, socket 15-62 
Clarified schematics 15-63 
Schematic, voltage, socket 15-64 
Clarified schematics 15-65 

Schematic, voltage, socket 15-66 
Alignment, socket, trimmers, 

dial data 15-67 
Chassis 15-68 
Parts list 15-69 

Schematic, voltage 15-70 
Parts list 15-71 
See Model 65T21B 
Schematic, voltage, socket 15-72 
Parts list 15-73 
Schematic, voltage, socket 15-74 
Parts list 15-73 
Schematic, voltage, socket 15-75 
Alignment, trimmers 15-9 
Parts list 15-73 
Schematic, voltage, socket 15-76 
Parts list 15-73 
Schematic, voltage, socket 15-77 
Alignment, trimmers 15-9 
Schematic 15-78 
Alignment, gain, sensitivity, 

socket, trimmers ..f 15-79 
Parts list 15-80 
Schematic, voltage, socket 15-81 
Parts list 15-82 
Schematic, voltage, socket ....._ 15-83 
Alignment, trimmers 15-9 

GALVIN 
GENERAL ELECTRIC 

GALVIN MPG. CORP.-(Coat.) 
MODEL 
705, Chassis AS -16 

PAGE 
Schematic, voltage, socket 15-84 
Alignment, trimmers 16-9 

GAMBLE-BROGMO INC. 
700 WASHINGTON AVE. N. 

MINNEAPOLIS, MINN. 

43-6451 Schematic 16-8 
Alignment, socket, trimmers, 

coil connections, dial data -- 15-4 
15--4 43-8213 Schematic 

Alignment, socket, trimmers, 
15-2 voltage, dial data 
15-5 

43-8685 Schematic 
Socket, trimmers, dial data, 

15-6 chassis, parts list 

GAROD ELECTRONICS CORP. 
70 WASHINGTON ST. 
BROOKLYN 1, N. Y. 

5A2 Schematic, alignment, socket, 
trimmers 

5D Schematic, alignment, socket, 
trimmers 

6A17-1 Schematic, alignment, socket, 
trimmers, 

6Bí7 -1A 

6DPS, 6DPS8 

50 

-.. Schematic, alignment, socket, 
trimmers 

Schematic, socket, trimmers 
Record Changer: Seebnrg Model. 

g RCD.OH. 
Clarified schematics, alignment 

GENERAL ELECTRIC CO. 
1286 BOSTON AVE. 

BRIDGEPORT 2, CONN. 
... Schematic, voltage, socket, dial 

YRB60-1, YRB60-2, 

YRB67-1, YRB67-2, 

15-1 

15-2 

15-8 

15-4 
15.6 

15-2 
15-6 

drive, alignment, trimmers 15-1 
Notes, changes 15-2 
Clock service 15-3 
Gain, dial drive data, parts list 15-4 
Schematic, alignment, voltage, 

socket, trimmers 15-5 
YRB82.1 Schematic, alignment, voltage, 

15-53 socket trimmers 
15-54 Parts list 

100, 101, 103, 105; Under 
Serial No. 5000 

100, 101, 103, 105; Above 
Serial No. 5000 

106 

%B-121, %M-121, %R-121, 
%B-221, %M-221, %R-221 

Schematic, specifications 15-6 
Alignment, gain, voltage, dial 

data, socket, trimmers 15-8 

Schematic, changes 15-7 
Alignment, gain, voltage, dial 

data, socket, trimmers 15-8 
Schematic, voltage, socket, gain 15-9 
Alignment, trimmers, dial data, 

parts list, changes 
15-1115-10 Schematic 

Alignment, voltage, socket, 
trimmers, dial data 15-12 

Schematic,, dial drive 15-13 
Alignment, trimmers, gain, 

specifications 15-14 
Voltage, notes, parts list 15-15 

X-150, %-1500, %-150V Schematic, coil and switch data 15.16 
Record Changer: Webster Model 

56 ROD.OH. 15-10 
Clarified schematics 15-17 
Alignment, socket, trimmers, 

gain 15-19 
Voltage, socket 15.20 
Power supply conversion, notes, 

parts list 15-21 

X-153, X -153A1, X -153-D2 .... Schematic,e 
Changer 

data15-18 
Webster Model 

56 RCD.CH. 15-10 
Alignment, socket, trimmers, 

gain 15-19 
Voltage, socket 15.20 
Power -supply conversion, notes, 

parts list 15-21 

% X-1810, %C-18' - X 182V, 
Preliminary Schematic 15.22 

Record Changer: Webster Model 
66 ROD.CH. 15-10 

Clarified schematics 15-23 
Clarified schematics 15-24 
Alignment, voltage, socket, 

trimmers 15-25 
Parts list 15-26 

200 203, 205 Schematic, voltage, socket 16-55 
Alignment, gain, socket, 

trimmers, dial data 15-66 
Parts list 15-54 

219, 220, 221 Schematic, coil data ....... 15-28 
Clarified schematics 15-29 
Alignment, socket, trimmers, 

dial data 15-30 
Voltage, gain, parts list 15-81 

%B-221, %M-221, %R-221 ...... See Model %B-121 
260 Schematic, voltage, socket, dial 

data, coil and switch data .... 15-32 
(Continued) 
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GENERAL ELECTRIC 
HALLICRAFTERS 

GENERAL ELECTRIC CO.-(Cont.) 
MODEL PAGE 
250 (Cont.) Notes, changes 15-88 

Alignment, socket, trimmers 15-34 
Power supply, charger, and dis- 

assembly notes 15-35 
Gain, battery data, parts list 15-36 303 ... Schematic, coil and switch data 15-37 
Record Changer: 

General Instrument Model 
205 RCD.CH. 15-5 

Alignment, trimmers 15-38 
Dial data, voltage, socket, 

gain, parts list 15-39 

%H -713V, %H-7130, 
%H-71302 See Model %-3174 

GENERAL TELEVISION AND RADIO CORP. 
2701-17 LEHMANN COURT 

CHICAGO 14, ILLINOIS 
1A5, $A5, 5A5, 19A5 ... Schematic, socket, trimmers, 

dial data 15-1 
Alignment 15-7 
Voltage, resistance, gain 15-3 
Chassis view 15-2 9A5, 15A5, 17A5 Schematic, socket, trimmers, 

dial data 
Alignment 
Voltage, resistance, gain 
Chassis view 

14A4F Schematic, voltage, resistance, 
socket, trimmers, dial data ... 

Alignment 
Chassis view 
Gain data 

15A5 See Model 9A5 
17A5 See Model 9A5 19A5 See Model 1A5 

X -317V, X-3170, %-317D2, 
%II -713V, %H -713C, 
%H-71302, Preliminary Schematic, transformer data .... 15-40 

Clarified schematics 15-41 
Clarified schematics 15-42 
Alignment, voltage 15-43 
Parts list 15-44 321 Early Schematic, gain, dial data 15-45 
Alignment, socket, trimmers 15-47 
Voltage, parts list 15-48 321 Late Schematic, alignment, socket, 

trimmers, dial data 15-46 
Parts list 15-52 326, 327 Schematic, coil and switch data, 

voltage, socket 15-49 
Record Changer (Single Post) : 

General Instrument Model 
204 RCD.CH. 15-1 

(Two Post) : 

Seeburg Model K RCD.CH. 15-2 
Clarified schematics 15-50 
Alignment, socket, trimmers, 

dial data 15-51 
Parts list 15-62 

15-1 
15-7 
15-3 
15-4 

15-5 
15-7 
16-6 
15-3 

GII.flLLAN BROS., INC. 
1815 VENICE BOULEVARD 

LOS ANGELES 6, CALIFORNIA 
56A, 56B, 560, 56D Schematic, socket, voltage Misc. 15-5 

GLOBE ELECTRONICS INC. 
226 WEST 17TH ST. 
NEW YORK 11, N. Y. 

5BP1 Schematic, socket, trimmers 15-1 
62 Schematic, socket, trimmers, 

alignment, clarified schematics 15-2 
601, 6131 Schematic, socket, trimmers 15-1 

B. F. GOODRICH CO. 
AKRON, OHIO 

R643 -PM, R643W Schematic, voltage, socket, dial 
and coil data 15-1 

R643 -PM Alignment, socket, trimmers, 
parts list 15-2 

R643 -W Alignment, socket, trimmers, 
rts list 15-3 

R652, R652 -N Schematic, voltage, socket 15-4 
Alignment, socket, trimmers, 

dial data 15-5 
11654 -PM, R654 -PV .........._.... Schematic, voltage, dial data, 

notes 15-6 
Alignment, socket, trimmers, 

parts list 15:7 
R655 -W Schematic, voltage, dial and 

switch data 15-8 
Alignment, socket, trimmers, 

11 
parts list 15-7 

662, R662N Schematic, voltage, change 15-9 
Alignment, socket, trimmers, 

dial data 15-10 
11664 -PM, 11664 -PV, 11664-W Schematic, voltage, dial and 

coil data 15-11 
Alignment, socket, trimmers, 

parts list 15-12 

MODEL 

W. T. GRANT CO. 
1441 BROADWAY 

NEW YORK 18, N. Y. 
PAGE 

605, 606, Series A Schematic, dial data 15-1 
Alignment, socket, trimmers, 

push button, notes 15-2 Parts list 15.8 
GRANTLINE 

See W. T. GRANT CO. 

THE HALLICRAFTERS CO. 
4401 WEST FIFTH AVENUE 

CHICAGO 24, ILL. 
Schematic, trimmers, installation 15-1 Adjustments 15-2 
Installation and operation 15.3 
Schematic 15-4 
Clarified schematics 15-5 
Alignment, socket, trimmers 15-6 

&38A 
Parts list 15-58 
Schematic 15-7, 8 
Clarified schematics 15-9 
Power requirements, prepara- 

tion for use 15-10 
A -M operation 15-11 
P -m and c -w operation 15-12 
Detailed functioning by stages, 

block diagram 15-18 
Periodic adjustments, tuning 

meter aligning notes, 
i -f alignment 15-17 Preventive maintenance ...... 15-16 

Trimmers 15-18 
Discriminator transformer align- 

ment 15.19 
Bfo and r -f amplifier adjust- 

ments, Band 3 adjustments 15-20 Bands 1 and 2 alignment 15-21 
Image frequency check, voltage 

and resistance notes 15-22 
Voltage chart 15-23 
Resistance chart 15-24 
Transformer resistance, supple- 

mentary data 15-25 
Top view 
Chassis view 
Rear view 
Parts list, part 1 

ON -1, Converter 

Skyrider 5-10, S21 

15-26 
15-27 
15-28 

Schematic 
15-29 

15-35, 36 
Detailed functioning by stages, 

block diagram 15-37 
Detailed functioning, concluded, 

a -c and d -c operation 15-39 
A -m and f -m operation 15-40 
Preventive maintenance, periodic 

adjustments, tuning meter 15-41 
I -f alignment 15-42 
Trimmers 15-43 
I -f alignment concluded, dis- 

criminator and r -f alignment 15-44 
Voltage chart 15-45 
R -f alignment concluded, voltage 

notes 15-46 
Resistance chart 15-47 
Resistance notes, transformer 

resistance 15-48 
Top view 15-49 
Chassis view 15-50 
Rear view 
Parts list 

115-5-51 
52 

S-38, Early and Revised Schematic, voltage, coil data .... 15-59 
Clarified schematics 15-60 
Clarified schematics 15-61 
Alignment, trimmers, 

selectivity, notes 15-62 
Chassis, control settings 15-68 
Dial data, parts list 15-64 

S-40 Early Schematic 15-65, 66 
S-40 1st and 2nd Revisions .. Schematics, voltage, dial and 

switch data 15-67, 68 
S-40 Clarified schematics 15-69 

Clarified schematics 15-70 
Power requirements, a -c and 

d -c operation, phone reception 15-71 
C -w reception, notes 15-72 
Detailed functioning by stages, 

block diagram 15-73 
Preventive maintenance, i -f 

alignment 15-76 
Trimmers 15-77 
Bfo and r -f alignment 15-78 
R -f alignment, part 2 15-79 
Resistance chart 15-80 
R -f alignment, part 3, voltage 

and resistance notes 15-81 
Transformer resistance, tube 

complement 15-82 
Top view 16-83 

5.40 Early Chassis view 
15- 
15-8584 

S-40 Revised Chassis view 
S-40 Selectivity, sensitivity, part list 15-86 
S -41G, S -41W Schematic, control settings 15-87 

Clarified schematics 15-88 
Alignment, trimmers 15-89 

8.87 .... ............................ 
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MODEL 
HQ -129-X 

SP -400-X 

SP-400-SX 

HAMMARLUND MFG. CO., INC. 
460 WEST 34TH ST. 
NEW YORK 1, N. Y. 

PAGE 
Schematic, socket, trimmers .. 15-1, 2 
Clarified schematics 15-3 
Clarified schematics 15-4 
Technical description, part 1 16-5 
Alignment 15-9 
Voltage, parts list 15-10 
Schematic, voltage, 

resistance 15-13, 14 
Clarified aehematiea 15-12 
Clarified schematics 15-15 
Installation notes 15.16 
Operating notes 15-17 
Power cable connections, power 

supply views, layout 15-18 
Circuit description, part 1 15-19 
Circuit description, part 3, 

power -supply diagram 15-21 
Continuity tests, alignment, 

trimmers 15-22 
Parts list, part 1 15-25 
Schematic, parts list 15-27, 28 
Clarified schematic. 15-29 
Clarified schematics 15-30 
Alignment, part 1 15-31 
Alignment, part 2, trimmers 15-32 
Parta list, concluded 15-33 

HOFFMAN RADIO CORP. 
3761 S. HILL ST. 

LOS ANGELES 7, CALIF. 
Chassis 100, 1005 See Model A300 
Chassis 101, 1018 See Model A301 
Chassis 102 See Model A401 
Chassis 103 See Model A200 
Chassis 107, 1075 See Model A500 
Chassis 1085, 108ST See Model A501 
A200, A302, Chassis 103 Schematic, voltage, alignment, 

socket, trimmers, chassis 15-1 
A300, Chassis 100, 100S Schematic, socket, trimmers, 

chassis, change 15-2 
Alignment, voltage, chassis 15-3 

A301, Chassis 101, 1015 Schematic, change, push 
button 15-4 

Alignment, voltage, socket, 
trimmers, chassis 15-3 

A302 See Model A200 
A401, Chassis 102 Schematic, socket, trimmers 15-5 

Record Changer: General 
Instrument Model 205 

RCD.CH. 15-5 
Alignment, voltage 15-3 

A500, Chassis 107, 1078 Schematic, socket, trimmers 15-5 
Record Changer: Seeburg 

Model K RCD.CH. 15-2 
Alignment, voltage 15-3 

A501, Chassis 1085, 108ST .... Schematic 15-6 
Record Changer: Webster 

Model 56 RCD.CH. 15-10 
Clarified schematics 15-7 
Clarified schematics 15-8 
Alignment, voltage, socket, 

trimmers, notes 15-9 
Chassis, changes, parts list 15-10 

HOWARD RADIO CO. 
1731 BELMONT AVE. 

CHICAGO 13, ILL. 
901, 901AE, 901AH, 
901AI, 901AM, 901AW Schematic, voltage, alignment, 

socket, trimmers 15-1 
Parts list 15-4 

901A Schematic, change, socket, 
trimmers 15-2 

Alignment 15-1 
Parts list 15-4 

901AP Schematic, voltage, socket, 
trimmers, change 15-3 

Record Changer: Wester 
Model 50 RCD.CH. 15-1 

A. Alignment 15-1 
Parts list 15-4 

920 Schematic, socket, trimmers 15-5 

INDUSTRIAL ELECTRONIC CORP. 
605 COURT ST. 

BROOKLYN 31. N. Y. 
WVV2 Schematic, changes Misc. 15-6 

INTERNATIONAL DETROLA CORP. 
BEARD AVE. AT CHATFIELD 

DETROIT 9, MICH. 
420 Series Schematic, socket, trimmers 15-1 
554 Schematic 15-2 

Record Changer: Detrola 
Model 550 RCD.CH. 15-1 

Alignment, socket, trimmers, 
dial data 15-3 

Voltage, chassis, parts list 15-4 
558 Schematic, dial data 15-5 

(Continued) 

HAMMARLUND 
LEWYT 

INTERNATIONAL DETROLA CORP.-(Coat.) 
MODEL PAGE 
558 (Cont.) Record Changer: Detrola 

Model 550 RCD.CH. 15-1 
Alignment, voltage, socket, 

trimmers, chassis 15-6 
Parts list ..._ 15-7 

568 Schematic 15-8 
Clarified schematics 15-9 
Alignment, socket, trimmers 15-10 
Voltage, chassis, parts list 15-11 

571A, 571B Schematic 15-12 
Alignment, socket, trimmers, 

dial data 15-13 
Voltage, chassis, parts list 15-14 

571X Schematic 15-15 
Alignment, socket, trimmers, 

dial data 15-16 
Voltage, chassis, parts list 15-17 

572 Schematic, dial data 15-18 
Clarified schematics 15-19 
Alignment, voltage, socket, 

trimmers, chassis 15-20 
Parts list 15-7 

576 Schematic, dial data 15-21 
Alignment, voltage, socket, 

trimmers, chassis 16-22 
Parts list 15-7 

579 Schematic, chassis 15-23 
Alignment, voltage, socket, 

trimmers, dial data 15-24 
Parts list 15-7 

JEFFERSON -TRAVIS CORP. 
245 EAST 23RD ST. 
NEW YORK, N. Y. 

MR2B Schematic 15-1 
Clarified schematics 15-2 

HAAR ENGINEERING CO. 
611-619 EMERSON ST. 
PALO ALTO, CALIF. 

KE-23AT Schematic 15-1, 2 
Clarified schematica 15-3 
Clarified schematica 15-4 
General notes, installation, 

part 1 15-5 
Installation, part 2, operating 

notes 15-6 
Operating' instructions, part 1 15-7 
Operating instructions, part 2, 

maintenance, alignment, 
part 1 15-8 

Socket, trimmers 15-10 
Parts list 15-13 

KERNWOOD RADIO CORP. 
146 OLIVER ST. 

BOSTON 10, MASS. 
W85146 Schematic, voltage Misc. 15-7 

KETAY MFG. CORP. 
18 WEST 20TH ST. 

NEW YORK 11, N. Y. 
RP507T Schematic, voltage, alignment 

Misc. 15-8 
KNIGHT 

See ALLIED RADIO CORP. 

W. T. KNOTT CO. 
128 WEST 31ST ST. 

NEW YORK 1, N. Y. 
651, 653, 6541, 

6545, 6547, 6560 Schematic, alignment, socket, 
trimmers, dial data Misc. 15-9 

Record Changer: Seeburg 
Model K RCD.CH. 15-1 

LAFAYETTE 
See RADIO WIRE TELEVISION 

LEAR, INC. 
110 IONIA AVE., N.W., 

GRAND RAPIDS 2, MICH. 
561, 562, 563 Schematic 15-1 

Alignment, voltage, socket, 
trimmers, loop 15-2 

661 Schematic 15-3 
Clarified schematics 15-4 
Alignment, socket, trimmers 15-5 
Voltage, dial data, loop 15-6 

6614, 6615, 6616, 6619 Schematic, voltage 15-7 
Alignment, socket, trimmers, 

dial data, loop 15-8 

LEWYT CORP. 
60 BROADWAY 

BROOKLYN 11, N. Y. 
605 Schematic Misc. 15-10 
616 Schematic Misc. 15-10 

Record Changer: Webster 
Model 56 RCD.CH. 15-10 

www.americanradiohistory.com



LINCOLN 
MAJESTIC 

MODEL 
5A-110 

LINCOLN RADIO TELEVISION CO. 
833 WEST JACKSON BOULEVARD 

CHICAGO 7, ILL. 
PAGE 

Schematic, voltage, socket 15-1 
Alignment, socket, trimmers, 

chassis 15-2 

LYRIC 
See RAULAND CORP. 

MAGIC TONE 
See RADIO DEVELOPMENT & RESEARCH 

CR -143, CR -145 (Revised), 
CR -163, CR -164 Schematic, voltage 15-7, 8 

Clarified schematics 15-9 
Alignment, socket, trimmers, 

chassis 15-10 
Notes, parts list 15.11 

CR -183 Schematic, notes, voltage, 
socket 15-13, 14 

Clarified schematics 15-15 
Alignment 15-16 
Parts list 15-19 

CR -185 Schematic, voltage, 
socket 15-17, 18 

Clarified schematics 15-15 
Alignment 15-16 
Parts list 15-19 

CR -187 Schematic, voltage, socket, 
gain 15-21, 22 

Record Changer: Webster 
Model 56 ROD.CH. 

Clarified schematics 
Chassis layout 
Dial data 
Condenser drive adjustments, 

part 1 
Socket, trimmers, notes 
Alignment 
Parts list 

OR -188 Schematic, voltage, 
socket 15-31, 32 

Record Changer: Webster 
Model 56 ROD.CH. 

Clarified schematics 
Dial data 
Condenser drive adjustments, 

part 1 
Gain, socket, trimmers 
Alignment 
Chassis 

CR -189A, OR -189B Schematic, voltage, socket, 
gain 15-37, 38 

Clarified schematics 
Chassis, socket, trimmers 
Alignment 
Dial data 
Parts list 

CR -190A, OR -190B Schematic, voltage, 
socket 15-43, 44 

Clarified schematics 15-45 
Dial data 15-46 
Dial data, push button 15-47 
Chassis, socket, trimmers, 

notes 
Alignment 
Parts list 

OR -192A, OR -192B Schematic, voltage, socket, 
gain 15-51, 52 

Dial data 15-42 
Chassie, socket, trimmers 
Alignment 
Parts list, notes 

15-79 
5 15-80 
5 15-81 

15-82 
7 15-83 
1 15-84 

THE MAGNAVOX CO. 
FORT WAYNE 4, IND. 

Models Identification Notes 
Style nos. 0101011 to C103G1 
Style nos. C103G16 to 010501 
Style nos. 0105016 to 

EA -307P10 
Style nos. EA -401 to TPR-33 
Style nos. TPR-338 to OPR-40 
Style nos. CPAR-402 to 

CPAR-457 15-85 
Style nos. CPAR-458 to 

CPAR-506 15-86 
Style nos. CPAR-507 to 

CPAR-557 15-87 
Style nos. CPAR-558 to 

CPAR-613 15-88 
Style nos. CPAR-614 to 

CPAR-661 15-89 
Style nos. OPAR-662 to 

AMP 101A 
CPA -3001L 15-90 

Schematic, voltage, socket, 
notes 15-1 

Socket, chassis, notes 15-2 
Parts list 16.3 

A -101P Schematic, voltage 15-4 
Parts list 15-5 

A -106P Schematic, voltage 15-6 
Parts list 15-5 

THE MAGNAVOX CO. -(Coat.) 
MODEL PAGE 
CR -193 Schematic, voltage, 

socket 15-57, 68 
Record Changer: Seeburg 

Model K ROD.OH. 15-2 
Clarified schematics 15-23 
Dial data 15-25 
Condenser drive adjustments, 

part 1 15-26 
Socket, trimmers, notes .... 15-28 
Alignment 15-29 
Chassis, socket, trimmers, 

gain 15-59, 60 
Parts list 15-50 

ORi194 Schematic, voltage, socket, 
gain 15-61, 62 

Clarified schematics 15-45 
Push button 15-47 
Parts list 15-30 
Chassie, socket, trimmers .... 15-63 
Alignment, notes 15-64 
Dial data 15-65 

A-2050 Schematic, voltage 15-12 
Parts list 15-5 

A-206, A -206A Schematic, voltage 15-20 
Parts list 15-6 

A -206E Schematic, voltage, socket ........ 15-56 
A -206F, A -206G Schematic, voltage, socket 15-66 

Parts list 15-67 
A-222, A -222A Schematic, voltage, socket 15-68 

Parts list 15-69 
A -307P2 Schematic, voltage, socket 15-70 

Parts list 15-67 
A -307P4 Schematic, voltage, socket 15-71 
A -307P6 Schematic, voltage, socket 15-72 

Parts list 15-67 
A-501 Schematic, voltage, socket 15-73 

Parts list 15-75 
A -501B Schematic, voltage, socket 15-74 

Parts list 15-75 
A-3001 Schematic, voltage 15-76 

Parts list 15-69 
A -3001B Schematic, voltage, socket 15-77 

Schematic, parts list 15-78 

MAGUIRE INDUSTRIES, INC. 
1437 RAILROAD AVE. 
BRIDGEPORT, CONN. 

700 Schematic, changes, voltage 15-1 
Alignment, socket, trimmers 16-2 

5A410, Chassis 4501; 
5A430, Chassis 4504 Schematic, voltage 15-1 

15-10 Alignment, socket, trimmers, 
15-23 parts list 15-2 
15-24 60137, Chassis 456 Schematic 15-6 
15-25 Record Changer: Seeburg 

Model K ROD.OH. 15-2 
15-26 Socket, 60141, Chassis 457 Schematic15-7 c 

trimmers 
15-8 601335, Chassis 440 15-29 Schematic 15-6 

15-30 6CU137, Chassis 464 Schematic 15-11 
6013141, Chassis 466 Schematic 15-11 
6P1, Chassis 437 Schematic 15-3 

Socket, trimmers 15-5 
15-10 6T23, Chassis 450% Schematic 15-10 
15-33 Socket, trimmers 15-5 
15-25 6T120, Chassis 455 Schematic 15-10 

Socket, trimmers 16-5 
15-26 6T13120, Chassis 462 ...,, Schematic 15-12 
15-34 7075, Chassis 435 Schematic 15.3 
15-35 Clarified schematics 15-4 
15.36 Socket, trimmers 15-5 

701375, Chassis 445 ... Schematic 15-8 
Clarified schematics 15-9 

15-39 7K60, Chassis 434 Schematic 15-13 
15-40 Clarified schematics 15-14 
16-41 Socket, trimmers 15-33 
15-42 Schematic 15-15 
15-3 Clarified schematics .... 15-16 

Schematic, voltage, socket, 
trimmers 

Record changers (Models 
7S450, 7S470): 

Seeburg Model K ....ROD.OH. 15-2 
15-48 V -M Model 400 ROD.CH. 15-1 
15-49 Clarified schematics 
15-50 Alignment 

Parta list 
7T20, Chassis 432 Schematic, socket, trimmers 

Clarified schematics 
15-53 7TÚ11, Chassis 439 Schematic 
16-54 7TU20, Chassis 442 Schematic 
15-55 Clarified schematics 

MAJESTIC RADIO & TELEVISION CORP. 
ST. CHARLES, ILL. 

G1-426, Chassis 4807; 
G1 -426Y, Chassis 4808 Schematic 15-35 

Clarified schematics 15-36 
Alignment, voltage, socket, 

trimmers 15-37 
Parta list 15-38 

7KU60, Chassis 444 

75433, 78450, Chassis 4702; 
78470, Chassis 4703 

15-18 

15-19 
15-20 
15-21 
15-22 
15-23 
15-12 
15-15 
15-17 
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MAJESTIC 
MONTGOMERY -WARD 

MAJESTIC RADIO & TELEVISION CORP.-(Cont.) MEISSNER MFG. DIV. MAGUIRE INDUSTRIES, INC.-(Cont.) 
MODEL PAGE MODEL PAGE 
80176, Chassis 461 Schematic 15-24 9-1084, 9-1086 (Cont.) Clarified schematics 15-2 

Clarified schematics 15-25 9-1085 Schematic, socket, trimmers, dial 
Socket, trimmers 15-7 data, alignment ........ 15-3 

Clarified schematics 15-4 
9-1086 See Model 9-1085 

8%161, Chassis 460; 8T129, 
Chassis 459 Schematic 15-24 

Clarified schematics 15-25 
Socket, trimmers 15-7 

88452, 88473, Chassis 
4809 Schematic 15-26 

Record Changer: Milwaukee Er - 
wood Model 10700..RCD.OH 

Clarified schematics 
Voltage, socket, trimmers, 

alignment frequencies 15-20 
Parts list 15-21 

88452, 88473, Chassis 
4810 Schematic 15-28 

Record Changers (Model 
88452) : Milwaukee Er - 
wood Model 10700 

RCD.CH. 
(Model 88473) : Milwaukee 

Erwood Model 10700 
RCD.CH, 

Oak Model 6666 RCD.CH. 
Seeburg Model K ROD.OH. 

Clarified schematics 
Voltage, socket, trimmers, 

alignment frequencies 
Parts list 

8T129 See Model 8K161 
400, Chassis 400 Schematic 15-31 

401, Chassis 401 
Socket, trimmers 15-33 
Schematic 15-31 
Clarified schematics 15-32 
Socket, trimmers 15-33 

407, Chassis 407 Schematic 15-34 
408, Chassis 408, 

Camera Port. 
410, Chassie 410 

MIDLAND MFG. CO. 
DECORAH, IOWA 

B6A, B6B ........ Schematic, socket, note 15-1 
15-1 M6A, M6D Schematic, socket, note ._ ....... 15-2 
15-27 M6B, 1160 Schematic, socket, note ................ 15-3 

Schematic of tuner 15-4 

MINERVA CORP. OF AMERICA 
238 WILLIAM ST. 

NEW YORK 7, N. Y. 
Schematic, socket 15-1 
Schematic, alignment, socket, 

15-1 trimmers, dial data 15-8 
Schematic 15-2 
Clarified schematics 15-3 

15-1 W117-3 Schematic 15-2 
15-1 Clarified schematics 15-4 
15-2 W117 Late Schematic, alignment, socket, 
15-29 trimmers 15-5 

Clarified schematics 15-6 
15-20 W119, W,119Á Schematic, alignment, socket, 
15-80 trimmers, dial data 15-7 

W702 See Model L702 

Schematic 15-34 
Schematic 15-13 

Chassis 432 
Socket, trimmers 15-33 
See Model 7T20 

Chassis 434 See Model 7K60 
Chassis 435 See Model 7075 
Chassis 437 See Model 6P1 
Chassis 439 See Model 7TÚ11 
Chassis 440 See Model 601E735 
Chassis 442 See Model 7TI20 
Chassis 444 See Model 7KU60 
Chassis 445 See Model 701375 
Chassis 450X See Model 6T23 
Chassis 455 See Model 6T120 
Chassis 456 See Model 60137 
Chassis 457 See Model 60141 
Chassis 459 See Model 8T129 
Chassis 460 See Model 8K161 
Chassis 461 See Model 8C176 
Chassis 462 See Model BTU120 
Chassis 464 See Model 6C13137 
Chassis 466 See Model 6013141 
Chassis 4501 See Model 5A410 
Chassis 4504 See Model 5A430 
Chassis 4702 See Model 7S433 
Chassis 4703 See Model 7S470 
Chassis 4807 See Model 01-426 
Chassis 4808 See Model G1 -426Y 
Chassis 4809 See Model 8S452 
Chassis 4810 See Model 88452 

MANTOLA 
See B. F. GOODRICH 

JOHN MECK INDUSTRIES 
PLYMOUTH, IND. 

505, 505-A, 505-B, 505-0 
Trail Blazer Schematic, voltage, socket, 

trimmers , 15-1 
Alignment 15-2 

PM -505-P, RC -505-P Schematic, voltage, phono 
connections 15-3 

Alignment, socket, trimmers 15-4 
RC -5C5 -CL, RO -505 -DL .... Schematic, voltage, socket, 4 trimmers .. 15-5 

Alignment 15-6 

MECTRON CORP. 
LAWRENCE, MASS. 

Schematic Misc. 15-11 
Schematic Misc. 15-11 

MR -1 
MR -1A 

HE -621 

MEGARD CORP. 
1601 8. BURLINGTON AVE. 

LOS ANGELES 6, CALIF. 
Schematic 15.1 
Clarified schematics 15-2 
Socket, trimmers .. 15-3 
Alignment 154 

MEISSNER MFG. DIV. MAGUIRE INDUSTRIES, INC. 
MOUNT CARMEL, ILL. 

9-1084, 9-1086 Schematic, socket, trimmers, coil 
data, alignment 15.1 

(Continued) 

114 
L702, W702 

W117 Early 

MONTGOMERY -WARD 
CHICAGO 7, ILL. 

O4MF-1199A Schematic, voltage, socket 15.1 
Notes, parts list 15-2 

AE11, Chassis 81 Schematic 15-3 
14BR-734B, 14BR-735B Schematic 15-4 

Clarified schematics 15-5 
Alignment, socket, trimmers, 

voltage, push button 15-6 
14WG-538B Schematic, voltage, socket 15-7 

Alignment, socket, trimmers, 
,parts list 15-8 

14WG-610B, 14WG-611B ...... Schematic, voltage, socket, 
note 15-9 

Alignment, trimmers, dial 
data 

Push button, parts list 
14WG-808MA, 14WG-808WA Schematic 

Record Changer: Seeburg 
Model B3A RCD.CH. 

Clarified schematics 
Clarified schematics 
Voltage, dial data, s 

button, notes 
Alignment, trimmers, socket, 

parts list 15-16 
Chassis 20W See Model 62-520 
23, 33, 39, 73 Schematic 
24 Schematic 

See Model 23 
See Model 23 

54BR-1502A Schematic, dial data, voltage, 
antenna coil adjustment 15-19 

Alignment, socket, trimmers, 
gain 

Parts list 
Schematic, dial data, voltage 
Alignment, socket, trimmers, 

gain 
Parts list 
Schematic, voltage 
Alignment, socket, trimmers, 

gain 
Dial data, parts list 
Schematic, voltage 
Alignment, socket, trimmers, 

gain .., 15-23 

33 
39 
54BR-1501A, 

54BR-1503A, 

54BR-1503B, 

54BR-1503C, 

54BR-1504A .... 

54BR-1504B .... 

54BR-15040 ..» 

54BR-1505A, 54BR-1505B, 
54BR-1506A, 54BR-1506B.. 

54WG-1801A, 54WG-1801B, 
64WG-1801C 

54WG-2007A, 64Wá -2007B .. 

54Wá -2500A, 54WG-2700A, 
64WG-2500B, 64WG-2700A 

15-10 
15-11 
15-12 

15-1 
15-13 
15-14 

ocket push 
15-15 

15-17 
15-18 

15-20 
15-21 
15-22 

15-23 
15-21 
15-22 

15-23 
15-21 
15-24 

Schematic 15-25 
Alignment, voltage, socket, trim- 

mers, dial data, push button 15-26 

Schematic, voltage, sensitivity, 
notes 15-27 

Alignment, socket, trimmers, 
dial data 15-28 

Parts list 15-29 
Schematic, voltage, sensitivity 15-30 
Alignment, socket, trimmers, 

dial data 15-28 
Socket, notes, specifications 15-81 
Parts list 15-29 

Schematic, voltage, sócket 15-31 
Record Changer (Models 54WG- 

2700A, 64WG-2700A) : 

Webster Model 50 ....ROD.OH. 15-1 
Clarified schematics 15-32 
Sensitivity, specifications, notes 15-33 
Alignment, socket, trimmers, 

dial data 15-34 
Parts list 15-35 
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MONTGOMERY -WARD 
NOBLITT SPARKS 

MONTGOMERY-WARD-(Cont.) 
MODEL PAGE 
62 Series Schematic 15-36 

Voltage, socket, assembly 
wiring 

Parts list 
62-41, 62-75 Schematic 
62-43, 62-43% Schematic 

Clarified schematics 
Alignment, voltage, socket, 

trimmers 
62-51, 62-64, 62-64% Schematic, voltage, changes 

Alignment, socket, trimmers, 
parts list 

62-52 Schematic, voltage, notes 
Alignment, socket, trimmers, 

parts list 
62-53, 62-71, 62-74, 

62-74X Schematic 
Alignment, voltage, socket, 

trimmers 
62-55, 62-76, 62-76X Schematic, voltage 

Alignment, socket, trimmers, 
notes, parts list 

62-64, 62-64X See Model 62-51 
62-67, 62-80 Schematic, alignment, notes 
62-71 See Model 62-53 
62-74, 62-74% See Model 62-53 
62-75 See Model 62-41 
62-76, 62-76% See Model 62-55 
62-79, 62-84, 62-84X, 

62-94, 62-94% Schematic, voltage 15-52 
Alignment, parts list 15-53 

62-80 See Model 62-67 
62-81, 62-81% Schematic, voltage, alignment, 

socket, trimmers 15-54 
62-82 Schematic, alignment, voltage .... 15-55 

Clarified schematics 15-56 
62-83 Schematic, voltage, socket, trim- 

mers, alignment, notes 15-57 
Parts list 15-53 

62-84, 62-84% See Model 62-79 
62-94, 62-94% See Model 62-79 
62-360, 62-367 Schematic, voltage 15-58 
62-460, 93BR-460 Schematic, voltage, socket, 

trimmers, alignment 15-59 
62-520, 62-1420, 

Chassis 20W Schematic, voltage 15-106 
62-1040 Schematic 15-60 
62-1420 See Model 62-520 
62-1459 Schematic, voltage, socket, 

trimmers, alignment 15-59 
64BR-1051A Schematic, dial data, voltage .... 15-61 

Alignment, sensitivity, socket, 
trimmers 15-62 

Parts list 15-63 
64BR-1205A, 64BR-1206A .... Schematic, coil assembly, 

sensitivity, voltage 15-64 
Alignment, socket, trimmers, 

dial data, parts list 15-63 
64BR-1208A, 64BR-2200A .... Schematic, voltage, dial data 15-65 

Clarified schematics 15-66 
Alignment, socket, trimmers 15-67 
Sensitivity, parts list 15-68 

64BR-2701A Schematic, voltage 15-69 
Record Changer: General In- 

strument Model 205..RCD.CH. 15-5 
Clarified schematics 15.70 
Clarified schematics 15-71 
Alignment, socket, trimmers 15-72 
Dial data, sensitivity 15-73 
Parts list 15-74 64WG-1050A, 64WG-1050B.... Schematic, voltage, socket 15-75 
Alignment, sensitivity, socket, 

trimmers 15-76 
Parts list 15-77 64Wá -1052A, Early Schematic, voltage, socket 15-78 
Alignment, socket, trimmers, 

dial data 15-79 
Sensitivity 15-81 
Parts list, notes 15-77 64WG-1052A, Late, 

Revised Schematics, voltage 15-80 
Alignment, socket, trimmers, 

dial data 15-79 
Sensitivity 15-81 
Parts list, notes 15-77 64WG-1054A Schematic, voltage 15-82 
Alignment, socket, trimmers, 

notes 15-83 
Sensitivity, parts list 15-84 64WG-1511A, 64WG- 

1511B, 64WG-1512A, 
64WG-1512B, 64WG- 
1809A, 64WG-1809B Schematic, voltage 

Alignment, socket, trimmers, 
dial data 15-86 

Sensitivity, parts list 15-87 64WG-1801C See Model 54WG-1801A 
64WG-1804A Schematic, voltage, socket, 

sensitivity 
Alignment, trimmers, socket, 

dial data 15-89 
Parta list 15-90 

64W0-1807& Schematic, voltage, coil data 15-91 
Clarified schematics 15-92 
Alignment, socket, trimmers, 

dial data 15-93 
Sensitivity, parts list 15-94 

15-37 
15-38 
15-39 
15-40 
15-41 

MODEL 
64WG-1809A, 64WG-1809B 
64WG-2007B 
64WG-2009A 

15-42 64WG-2500B 
15-43 64WG-2700A 

73 
15-44 Chassis 81 
15-45 86 

93BR-460 
15-46 93WG-800, 93WG-800A, 

93WG-800B, 93WG-8000, 
15-47 93WG-809, 93WG-809A, 

93WG-809B, 93Wá-8090 .... 
15-48 
15-49 

15-50 

15-51 102 

204 

222 

227, 1422, 1423, 1482, 1483 
559 

1422, 1423, 1482, 1483 
3035, 3037, 3065, 3067 

MONTGOMERY-WARD-(Cont.) 
PAGE 

See Model 64WG-1511A 
See Model 54W0 -2007A 
Schematic, voltage 15-95 
Record Changer: General In- 

strument Model 205..RCD.CH. 15-5 
Alignment, socket, trimmers, 

dial data 15-96 
Sensitivity, parts list 15-94 
See Model 54WG-2500A 
See Model 54WG-2500A 
See Model 23 
See Model AE11 
Schematic 15-97 
See Model 62-460 

Schematic, voltage, socket 15-98 
Clarified schematics 15-99 
Alignment, trimmers, notes 15-100 
Push button, socket, coil data, 

notes 15-101 
Parts list 15-102 
Schematic, voltage 15-103 
Alignment, socket, trimmers 15-104 
Schematic, voltage, alignment, 

socket, trimmers 15-105 
Parts list 15-106 
Schematic 15-107 
Clarified schematics 15-108 
Alignment, socket, trimmers, 

chassis 15-109 
Parts list 15-110 
Schematic 15-3 
Schematic, push button 15-111 
Alignment, socket, trimmers, 

notes 15-112 
Voltage, parts list 15-113 
See Model 227 
Schematic, voltage, notes I5-114 
Parts list, notes 15-97 

MOTOROLA 
See GALVIN MFG. CORP. 

NATIONAL CO. 
61 SHERMAN ST. 

MALDEN 48, MASS. 
1-10A 

NC -2-400 

NC -2-40C, NC -2-4008 

Schematic 
Socket, trimmers, chassis 
Calibration curves, notes 
Schematic 
Socket, trimmers, chassis 
Circuit data, selectivity char- 

acteristics 
Circuit data, a -c operation 
Battery operation, controls 
Phone and c -w reception notes .. 
Signal -strength measurement, 

gain measurements 
Voltage, notes 
I -f alignment, tri ...sera ............ 
General coverage, alignment, 

S -meter adjustment 15-15 
Band -indicator adjustment, tele- 

phone line schematic 15-16 
Parts list, part 1 
Schematic ematic 
Socket, trimmers, chassis 
Schematic 
Panel view, oscillator band -spread 

coil, tone -control, action curves 15-20 
Notes, band -spread, alignment .... 15-21 
Trimmers, chassis, views 15-22 
Alignment, S -meter and band - 

indicator adjustments 15-23 
Parts list 15-24 
Schematic 15-25 
Circuit data, rear and top view 15-26 
Circuit data, parts list 15-27 
Chassis 15-28 
Alignment 15-29 

15-1 
15-2 
15-3 
15-4 
15-12 

15-6 
15-7 
15-8 
15-9 

15-10 
15-11 
15-13 

15-17 NC-2-40CS 15-5 

NC -2-40D 

NC -46 

15-14 
15-19 

NATIONAL UNION RADIO CORP. 
16 WASHINGTON ST. 

NEWARK 2, N. J. 
G-619 Schematic, voltage, dial data, 

notes 15-1 
15-85 Alignment, socket, trimmers, 

chassis 15-2 

NOBLITT SPARKS INDUSTRIES 
COLUMBUS, IND. 

15-88 (ARVIN) 
Chassis RE -200 See Model 444 
Chassis RE -201 See Model 544 
Chassis RE -204 See Model 558 
Chassis RE -206 See Model 664 
444, 444A, Chassis RE -200 Schematic, voltage 15-1 

Revised schematic, alignment, 
socket, trimmers, chassis 15-2 
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NOBLITT SPARKS 
PHILCO 

NOBLITT SPARKS INDUSTRIES-(Coat.) 
MODEL 
544, 544A, Chassis RE -201 .... Schematic, changes, notes, 

voltage 15-3 
Alignment, socket, trimmers 15-4 
Alignment, concluded, parts list 15-5 

PAGE 

558, Early, Late Chassis 
RE -204 Schematic, voltage 15-7 

Alignment 15.8 
Socket, trimmers, chassis, parts 

list 15-9 
664, 664A, Chassis RE -206 .... Schematic, voltage 15-10 

Alignment, part 1 15-5 
Alignment, socket, trimmers, 

chassis 

NORTHEASTERN ENGINEERING INC. (ELECTONE) 
CANAL ST. 

MANCHESTER, N. H. 
T5TS1 Schematic 15-1 

Alignment, socket, trimmers, 
voltage, notes 15-2 

T5TS3 Schematic 15-1 
Alignment 15-2 

OLDSMOBILE DIV.-GENERAL MOTORS 
LANSING, MICH. 

982375 Schematic, notes 15.1 
Alignment, socket, trimmers, 

chassis 15-2 
Tuning unit assembly, push 

button, notes 15-3 
Dial data, installation 15-4 
Power pack chassis, parts list - 15.5 

982376 Schematic, i -f transformer con- 
nections 15-6 

Alignment, voltage, socket, 
trimmers, chassis 15-7 

Tuner assembly, transformer 
connections 15-8 

Installation, push button 15-9 
Parts list 15-10 

15-6 

OLYMPIC RADIO & TELEVISION, INC. 
3101-19 38TH AVE. 

LONG ISLAND CITY, N. Y. 

6-501, 8-502, 6-503 Schematic, voltage, alignment, 
socket, trimmers 15.1 

6 -5 -1W -II, 6 -502V -U, 6-502U Schematic, voltage, alignment, 
socket, trimmers 15-2 

6-504, 6-504L Schematic, voltage 15-3 
Alignment, socket, trimmers, 

parts list 15-4 
6-504-U, 6 -504L -U Schematic, voltage 15-3 

Alignment, socket, trimmers, 
parts list 16-4 

6-801W, 6-601V, 6-602 Schematic, voltage, rear view, 
notes 15-5 

Clarified schematics 15-6 
Alignment, socket, trimmers, 

notes 15-7 
Parts list 15-8 

6-606 Schematic, voltage, alignment, 
socket, trimmers, rear view .... 15-9 

Notes, parts list 15.10 
6-617, 6-617U Schematic, voltage, rear view . 15-11 

Record Changer: Seeburg Model 
S RCD.CH. 15-2 

General Instrument Model 
205 RCD.CH. 15-5 

Alignment, socket, trimmers, 
dial data 15-12 

Parts list 15-8 

PACKARD BELL CO. 
3443 WILSHIRE BOULEVARD 

LOS ANGELES 6, CALIF. 
5FP Schematic, alignment, socket, 

trimmers 15-1 
Voltage, gain, resistance, parts 

list 15-2 
551 Schematic, alignment, socket, 

trimmers 15-3 
Voltage, gain, resistance, 

parts list 15-4 
561 Schematic, alignment, socket, 

trimmers, notes 15-5 
Voltage, resistance, gain, parts 

list 15-6 
563 Schematic, alignment, socket, 

trimmers, notes 15-7 
Voltage, gain, resistance, parts 

list 15-8 
566 Schematic, voltage, alignment, 

socket, trimmers, gain, 
resistance 15-9 

Parts list 15-10 
651 Schematic, voltage, gain, 

resistance 15-11 
Clarified schematics 15-12 
Alignment, socket, trimmers, 

parta list 15-13 
i'.r 1 Schematic, alignment, socket, 

trimmers 15-14 
(Continued) 

MODEL 
661 (Cont.) 

PACKARD BELL CO.-(Cont.) 
PAGE 

Record Changer: Detrola Model 
550 RCD.CH. 15-1 

Voltage, gain, resistance, dial 
data, notes 15-15 

Parts list 15-10 
662 ....... Schematic 15-41 

Record Changer: Detrola Model 
550 RCD.CH. 15-1 

Alignment, socket, trimmers 15-42 
Gain, voltage, parts list 15-43 
Dial data, record changer motor 

diagram 15-44 
1052 Schematic, notes 15-16 

Clarified schematic, Broadcast 
band, Radio -Receive 15-17 

Clarified schematic, S -W band, 
Radio -Receive 15-18 

Clarified schematic, Broadcast 
band, Phono 15-19 

Clarified schematic, Broadcast 
band, Mic. Record 15-20 

Clarified schematic, Broadcast 
band, Public Address 15-21 

Clarified schematic, Broadcast 
band, Mixed Program 15-22 

Clarified schematic, S -W band, 
Mixed Program 15-23 

Clarified schematic, Broadcast 
band, Radio Record 15-24 

Clarified schematic, S -W band, 
Radio Record 15-25 

Alignment, voltage, socket, 
trimmers, notes 15-26 

Gain, resistance, data 15-28 
Parts list 15-27 

1054 Schematic 15-29 
Record Changer: Packard Bell 

Model 58004-B RCD.CH. 15-1 
Clarified schematic, Broadcast 

band, Radio Receive 15-30 
Clarified schematic, S -W band, 

Radio Receive 15-31 
Clarified schematic, Broadcast 

band, Phono 15-32 
Clarified schematic, Broadcast 

band, Mic. Record 15-33 
Clarified schematic, Broadcast 

band, Public Address 15-34 
Clarified schematic, Broadcast 

band, Mixed Program 15-35 
Clarified schematic, S -W band, 

Mixed Program 15.36 
Clarified schematic, Broadcast 

band, Radio Record 15-37 
Clarified schematic, S -W band, 

Radio Record 15-38 
Alignment, voltage, socket, 

trimmers, notes 15-39 
Gain, resistance, data 15-28 
Parts list 15-40 

PARKER MCCRORY 
590, Victory Schematic, socket, trimmer, 

alignment Misc. 15-12 

PHILHARMONIC 
628 E. 72ND ST. 

NEW YORK 21, N. Y. 
RR -13L Schematic, socket 15-1 

Clarified schematics 15-2 
RR -14 Schematic, socket, trimmers 15-3 

Clarified schematics 15-4 
Clarified schematics 15-5 

PHILCO RADIO & TELEVISION CORP. 
TIOGA AND C STREETS 

PHILADELPHIA, PA. 
46-250, 46-250-I, 46-251, 

Code 121 Schematic 15-1 
Alignment, socket, trimmers, 

dial drive, coil data 15-2 
Voltage, resistance 15-3 
Chassis 15-4 

46-350, Code 121 Schematic 15-5 
Socket, trimmers 15-6 
Alignment, dial data 15-7 
Chassis 15-8 
Voltage, resistance 15-9 

46-420, 46-420-I, Code 121 Schematic, coil data 15-10 
Voltage, resistance 15-11 
Alignment, dial data 15-12 
Socket, trimmers 15-13 
Chassis 15-14 

46-480, Code 121 Schematic of 2nd I.F., detector, 
A.F., power 15-15 

Clarified schematic (Push 
button) 15-16 

Clarified schematic (Manual 
tuning) 15-17 

Clarified schematic (Short-wave 
band) 15-18 

Clarified schematic (F -M band) 15-19 
(Continued) 
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PHILCO 
RCA 

PHILCO RADIO & TEyLEVISION CORP.-(Coat.) 
MODEL PAGE 
46-480, Code 121 (Cont.) Alignment 15.20 

Socket, trimmers 15-21 
Push-button data 15-34 
Chassis, dial data 15-22 
Voltage, resistance, part 1 15-23 
Voltage, resistance, part 2 15-24 

46-1201, Code 122 Schematic 15-25 
Alignment, socket, trimmers 15-26 
Chassis 15-27 
Voltage, resistance, dial data 15-28 
Record player, bottom view 15-29 
Record player, top view 15-30 

46-1209, Code 121 Schematic of I.F., detector, A.F., 
power 15-31 

Clarified schematic (Push but- 
ton), phono transformer, dial 
data 15.32 

Clarified schematics (Manual 
and short wave) 15.33 

Alignment, push button data 15-34 
Socket, trimmers 15-35 
Chassis, dial backplate 

calibration 15-86 
Automatic record changer, 

bottom view 15-37 
Automatic record changer, 

side view 15-88 
Voltage, resistance 15-39 

46-1226, Code 121 Schematic of I.F., detector, 
A.F., power 15-40 

Clarified schematics (Broadcast 
and Short wave) 15-41 

Alignment 15-42 
Socket, trimmers 15-43 
Chassis 15-44 
Dial data 15-22 
Voltage, resistance 15.39 
Automatic record changer, side 

view 15-45 
Mitomatic record changer.. _. 

46-1213, Code 121 15-47,48 to 16-62 

PHILLIPS Palmist s, vv. 
(WOOLAROC) 

BARTLESVILLE, OKLAHOMA 
3-1A, 3-2A Schematic, voltage, dial data, 

coil data 15-1 
Alignment, socket, trimmers, 

gain, 
3-3A Schematic,otes 

15-2 
voltage, coil and 

switch data 15-3, 4 
Clarified schematics 15-5 
Clarified schematics 15-6 
Alignment, socket, trimmers 15-7 
Gain, dial data, notes 15-8 

3-4A Schematic, voltage, coil data .... 15-9 
Alignment, socket, trimmers, 

dial data, gain, notes 15-10 
3-9A, 3-10A, Early Schematic, voltage 15-11 

Alignment, socket, trimmers, 
dial data, notes, parts list 15-12 

3-9A, 3-10A, Late Schematic, voltage, dial data, 
socket 15-13 

Alignment, trimmers, dial cali- 
bration, parts list 15-14 

3-9AX, 3-10AX Schematic, voltage, socket, 
dial data 15-15 

Alignment, socket, trimmers, 
dial data, notes 15-12 

3-11A Schematic, voltage, socket, trim- 
mers, coil data 15-16 

Clarified schematics 15.17 
Alignment, trimmers, dial data, 

parts list 15-18 
3-29A ... Schematic, voltage, dial data, 

socket 15-19 
Record Changer: General In- 

struments Model 
205 RCD.CH. 15-5 

Alignment, trimmers, notes, 
parta list 15-20 

PILOT RADIO CORP. 
37-06 36TH ST. 

LONG ISLAND CITY 1, N. Y. 
13-3, T-3, X-3 Schematic, alignment, socket, 

trimmers 15-1 
Clarified schematics 15-2 

T-286 Schematic, alignment, socket, 
trimmers, push button 15-3 

Clarified schematics .... 15-4 
T-370 Series Schematic, alignment, socket, 

trimmers 15-5 
Clarified schematics 15-6 

T-500 Series Schematic, alignment, socket, 
trimmers 15-7 

Clarified schematics 15-8 
T-511 Schematic, socket, trimmers 15-9 

Clarified schematics 16-10 
Alignment, trimmers 15-11 

PONTIAC DIV.-GENERAL MOTORS 
PONTIAC, MICH. 

MODEL 
984171 Schematic, transformer con- 

nections 15-1 
Alignment, voltage, socket, trim- 

mers, chassis, transformer 
connections 15-2 

Tuner assembly, push button 15-3 
Parts list 15-4 

PORTO SERVER, INC. 
325 WEST HURON ST. 

CHICAGO, ILL. 

PAGE 

PA -510, Chassis 9008-A; 
PB -520, Chassis 9008-B .... Schematic, voltage, socket, 

coil data 15-1 
Alignment, socket, trimmers, 

gain, dial data 15-2 
PE -610, Chassis 9022-E; 

PF -611, Chassis 9022-F Schematic, voltage, socket, 
coil and dial data 15-3 

Alignment, socket, trimmers, 
gain, coil data, notes 15-4 

Chassis 9008-A, 9008-B See Model PA -510 
Chassis 9022-E, 9022-F See Model PE -610 

PORTORADIO, PORTOBARADIO 
See PORTO SERVER, INC. 

PREMIER CRYSTAL LABORATORIES, INC. 
63 PARK ROW 

NEW YORK 7, N. Y. 
15-L Schematic, socket, trimmers, 

coil data Misc. 15-13 

PROMENETTE RADIO & TELEVISION CORP. 
1721 ELMWOOD AVE. 

BUFFALO 7, N. Y. 
501A Schematic, alignment, trim- 

mers «.« Misc. 15-14 

PURE OIL CORP. 
(PURITAN) 

35 EAST WACKER DRIVE 
CHICAGO, ILL. 

5A65WG-503 Schematic 15-1 
Record Changer: General In- 

strument Model 
205 RCD.CH. 15-5 

Alignment, voltage, socket, 
trimmers, dial data, parts list 15-2 

5D15WG-501, 5D25WG-502 .. Schematic, voltage, socket 15-3 
Alignment, trimmers, dial data, 

parts list 15-4 
5D15WG-501X, 

5D25WG-502X Schematic, voltage, socket 15-3 
Alignment, trimmers, dial data, 

parts list 15-5 
6A35WG-504 Schematic, voltage, socket, 

coil data 15-6 
Clarified schematics 15-7 
Alignment, trimmers, dial data, 

parts list 15-8 
506, 507 Schematic, voltage, tuner 

assembly, dial data, coil data 15-9 
Alignment, socket, trimmers, 

notes 15-10 
Gain data, parts list 15-11 

508 Schematic, voltage, coil data, 
lead dress, coil and switch 
data 15-13, 14 

Clarified schematics 15-15 
Alignment, socket, trimmers 15-16 
Gain, notes, parts list 15.12 

PURITAN 
See PURE OIL CORP. 

PIIROTONE RADIO CORP. 
POUGHKEEPSIE, N. Y. 

4506, 4516 Schematic, alignment, socket, 
trimmers, notes Misc. 15-15 

R. C. A. MEG. CO. 
CAMDEN, N. J. 

R -8-B Schematic, notes 15-1 
9X6, 9X11, 9X12, 9X13, 

9X14 Schematic, chassis wiring, 
voltage, socket, trimmers, 
lead dress 15-2 

Alignment, parts fist 15-3 
Q10, Q10A, 

Chassis RC -5940, Early ...- 

Q10, Q10A, Q10-2, Q10A-2 
Chassis R0.594 Late 

QB11, Chassis RC -529A ....«.. 

Schematic, voltage 15-4 
Clarified schematics 15-5 
Alignment, socket, trimmers, dial 

data, lead dress, notes 15-7 

Schematic, voltage 15-6 
Clarified schematics 15-5 
Alignment, socket, trimmers, 

dial data, lead dress, notes 15-7 
. Schematic, voltage, notes 15-8 

Clarified schematics 15-9 
(Continued) 
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RCA 
RADIO DEVELOPMENT 

R.C.A. MFG. CO.-(Cont.) 
MODEL PAGE 
QB11, Chassis RC -529A 

(Cont.) Clarified schematics 15.10 
Alignment, socket, trimmers, 

dial data, coil and switch 
locations, lead dress, notes 15-11 

Parts list 15-12 
Q22A, Q32, Chassis RC -507 .... Schematic, voltage, lead dress, 

speaker notes 15-13 
Clarified schematics 15-9 
Clarified schematics 15-10 
Alignment, socket, trimmers, r -f 

wiring diagram, notes 15-14 
Cable connections, dial data, 

parts list 15-15 
VA -22, VA -24 Schematic, notes 15-83 

Schematic, voltage, lead dress, 
notes 15-17 

Clarified schematics 15-18 
Clarified schematics 15-19 
Alignment, socket, trimmers, dial 

data, notes, r -f wiring diagram 15-20 
Parts list 15-21 

Q34, Chassis RC -539E 

CV -42 Electrifler 
Chassis RC -1004E Schematic 15-25 

Schematic 15-60 

Schematic, voltage, lead dress, 
alignment, socket, trimmers 15-22 

Replacement notes 15-23 
Parts list 15-24 

55U, 55AU, Chassis RC -1017 Schematic, alignment, lead dress, 
dial data, socket, ispeaker 
connection 15-16 

Record Changer: RCA Model 
960015 RCD.CH. 15-11 

Parts list 15-24 

CV -45 Chassis RS -1001 
54B1, 54B1 -N, 54B2, 

54B3, Chassis RC -589 

55F, CV -42, Electrifier, 
Chassis R0 -1004E 

QB55, Chassis RC -563A 

X-55, Chassis RC -473A 

56X, 56%2, 56X3, 
Chassis RC -1011 Schematic, voltage 15-31 

Alignment, socket, trimmers, 
dial data, speaker connections 15-26 

Schematic, voltage, speaker 
connections 15-32 

Clarified schematics 15-33 
Alignment, socket, trimmers, 

dial data 15-34 
Schematic, voltage 15-35 
Clarified schematics 15-36 
Alignment, socket, trimmers, 

dial data - 15-34 
Schematic, voltage, dial data, 

speaker connections 15-37 
Clarified schematics 15-38 
Alignment, socket, trimmers, 

lead dress, parts list 15-39 
Schematic, voltage 15-40 
Record Changer: RCA Model 

960001-1 4 RCD.OH. 15-1 
Clarified Schematics 15-41 
Alignment, socket, trimmers, 

lead dress, back view 15-42 
Push-button data, parts list ....._ 15-43 

Schematic, voltage 15-44 
Record Changer: RCA Model 

960001-2 RCD.OH. 15-1 
Clarified schematics 15-45 
Clarified schematics 15-46 
Alignment, socket, trimmers, 

push button, rear view, 
lead dress 15-47 

Dial data, parts list, speaker 
connections 15-48 

56X5, Chassis RC -1023 

56%10, Chassis RC -1023B .... 

56%11, Chassis RC -1023A .... 

58V, 58AV, Chassis R0-604 .. 

59V1, 59ÁV1, 
Chassis RC -605 

Schematic, voltage, alignment, 
socket, trimmers, dial data, 
lead dress, notes 15-25 

Parts list 15-26 
Schematic, voltage 15-27 
Clarified schematics 15-28 
Alignment, socket, trimmers, 

lead dress, notes, power 
connections 15-29 

Schematic, voltage, alignment, 
socket, trimmers, dial data 15-30 

Push-button data, parts list, 
phone connections 15-3 

61-1, 61-2, 61.8, 
Chassis RC -1011 Schematic, voltage, alignment, 

socket, trimmers, dial data, 
lead dress, speaker connections 15-49 

Parts list 15-50 
61-5, Chassis R0-1023; 

61-10, Chassis RC -1023B .. Schematic, voltage, alignment, 
socket, trimmers, dial data, 
lead dress 15-51 

Clarified schematics 15-33 
Parts list 15-52 

61-6, 61-7, Chassis RC -594D Schematic, voltage, alignment, 
socket, trimmers, dial data 15-53 

Clarified schematics 15-54 
Parts list 15-52 

QU61, Chassis RC -568B Schematic, voltage, lead dress .... 15-55 
Record Changer: RCA Model 

960001-3 RCD.CH. 15-1 
(Continued) 

R.C.A. MFG. CO.-(Cont.) 
MODEL PAGE 
QU61 (Cont.) Clarified schematics 15-56 

Clarified schematics 15-57 
Alignment, socket, trimmers, r -f 

wiring diagram, phono switch 
and tone control strip 
schematic 15-58 

Parts list 15-59 
64F1, 64F2, Chassis RC -1037; 

64F3, Chassis RC -1037A .. Schematic, voltage 15-60 
Alignment, socket, trimmers, 

dial data 15-61 
65%1, 65X2, Chassis RC -1034 Schematic, voltage, lead dress 15-62 

Alignment, socket, trimmers, 
dial data 15-61 

65U, 65AÚ, Chassis 
RC -1017A, 1017B Schematic, voltage, gain, 

dial data 15-85 
Record Changer: RCA Model 

960260-2 RCD.CH. 15-17 
Lead dress, alignment; socket, 

trimmers, parts list 15-86 
66BX, Chassis RC -1040, 

RC -1040A Schematic, voltage, lead dress, 
dial data, notes 15-87 

Alignment, socket, trimmers, 
notes, parts list 15-88 

66X1, 66X2, 66X3, 66%4, 
66X9, Chassis RC -1038 Schematic, voltage, dial data, 

coil data 15-89 
Clarified schematics 15-90 
Alignment, socket, trimmers, 

lead dress 15-91 
AR -77, AR -77E, Early Schematic 15-63 

Clarified schematics 15-64 
Clarified schematics 15-65 
Chassis 15-66 
Voltage, equipment, signal-to- 

noise and image ratios 15-67 
Parts list 15-68 
Socket, parts layout 15-73 
Installation 15-75 
Operation 15-76 
Maintenance 15-77 
Fidelity curves, parts layout 15-80 

AR -77, AR -77E, Late Schematic 15-69 
Clarified schematics 15-64 
Clarified schematics 1155.-6750 

15-70 
Socket, parts layout 15-73 
Technical summary, equipment 15-74 
Installation 15-75 
Operation 15-76 
Maintenance 15-77 
Voltages, parts list 15-78 
Parts list concluded, 

selectivity curves 15-79 
Fidelity curves, parts list 15-80 

AR -77, AR -77E, Revised Schematic 15-72 
Clarified schematics 15-64 
Clarified schematics 15.65 
Chassis 15-71 
Socket, parts list 15-73 
Technical summary, equipment 15-74 
Installation 15-75 
Operation 15-76 
Maintenance 15-77 
Voltages, parts list 15-78 
Parts list concluded, 

selectivity curves 15-79 
Fidelity, curves, parts list 15-80 

95X6 Schematic, notes 15-81 
95%11 Schematic, socket, trimmers, con- 

denser adjustment, lead dress 15-82 
UY -122E, UY -124 Schematic, notes 15-83 

Parts list concluded 
See Model X-55 

15-84 

See Model Q22A 
See Model QB-11 
See Model Q-34 
See Model QB-55 
See Model QU-61 
See Model 54B1 

Chassis RC -5940 Early See Model Q-10 
Chassis R0-5940 Late -« See Model Q-10 
Chassis RC -594D See Model 61-6 
Chassis RC -604 See Model 58V 
Chassis RC -605 See Model 59V1 
Chassie RS -1001 See Model CV -45 
Chassis RC -1004E See Model 55F 
Chassis RO -1011 See Model 56X and 61-1 
Chassis RC -1017 See Model 55U 
Chassis RC -1017A, RC -1017B See Model 65U 
Chassis RC -1023 See Model 56X5 
Chassis RO -1023A See Model 56X11 
Chassis R0 -1023B See Model 56%10, 61-10 
Chassis RC -1034 See Model 65%1 
Chassis RO -1037 See Model 64F1 
Chassis RC -1037Á See Model 64F3 
Chassis RC -1038 See Model 66X1 
Chassis RC -1040, RC -1040A See Model 66BX 

RADIO DEVELOPMENT & RESEARCH CORP. 
26 CORNELISON AVE. 
JERSEY CITY 4, N. J. 

500, 501 Schematic, alignment, voltage, 
socket Misc. 15-16 

Chassis RC -473A 
Chassis RC -507 
Chassis RC -529A 
Chassis RC -539E 
Chassis RO -563A 
Chassis RC -568B 
Chassis RC -589 
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RADIO ENGINEERS 
SCOTT RADIO 

RADIO MFG. ENGINEERS, INC. 
PEORIA 6, ILL. 

MODEL PAGE 
9D Schematic, voltage 15-1 

Clarified schematics 15-2 
Clarified schematics 15-3 
Operating notes 15-4 
Socket layout, rear view 15-5 

45 Early Schematic 15-6 
45 Late Schematic 15-10 
45 Revised Schematic 15-11 
45B Schematic, note »,. 15-17 
45 Early, 45 Late, 

45 Revised Voltage and resistance checks .... 15-14 
Parts list 15-15 

45B Voltage, parts list 15-19 
45 Early, 45 Late, 

45 Revised, 45B Clarified schematics 15-7 
Clarified schematics 15-8 
Clarified schematics 15-9 
Alignment 15-12 
Socket, trimmers, rear view 15-13 
Socket, trimmers 15-16 
Operating notes 15-18 

RADIO AND TELEVISION INC. 
244 MADISON AVE. 

NEW YORK 16, N. Y. 
BJ-6836 Schematic 15-1 

Record Changer: Webster 
Model 56 ROD.OH, 15-10 

Alignment, voltage 15-2 

RADIO WIRE TELEVISION 
100 6TH AVE. 

NEW YORK 13, N. Y. 
JA1, JA2 Schematic, voltage 15-1 

Alignment, socket, trimmers, 
parts list 15-2 

3JM6, A15, C16 See Wilcox Gay P.7-2 
MB5, MB5A Schematic, voltage 15-3 

Clarified schematics 15-4 
Alignment, socket, trimmers 15-5 
Parts list 15-6 

010, C91 See Garod P.11-9 
C14, 1649 See Garod P.10-21 
Alb See Model 3JM6 
C16 See Model 3JM6 
031, 839, 4990 See Garod P.11-5 
D33 See Warwick P.12-2 
AM36 See Wilcox Gay P.5-10 
J-37 Schematic, alignment, socket, 

trimmers, chassis, voltage 15-9 
C38, 3119 See Garod P.10-23 
J39, J40 Schematic 15-7 

Alignment, trimmers, parts list 15-8 
AM44 See Wilcox Gay P.5-8 
C46 See Garod P.8-6 
C52, C53 See Garod P.9-25 
F55, F66, F57 See Sentinel P.7-19, 20 
061, 062 See Garod P.8-15 
C64 See Garod P.9-27 

See Garod P.8-19 
073 See Garod P.8-21, 22 

See Wilcox Gay P.6.1 
See Wilcox Gay P.13-6 
See Garod P.7-15, 16 
See Wilcox Gay P.5-7 
Schematic, notes 15-13 
Clarified schematics 15-14 

C91 See Model 010 
D131, D132, D133 See Warwick P.12-3 
D134 See Warwick P.13-8 
FE143 See Belmont P.12-7 
E190 Schematic, voltage 15-10 

Clarified schematics 15-11 
Alignment, socket, trimmers, 

chassis 15-12 
Parts list 15-13 

399 See Model 031 
1649 See Model C14 
3119 See Model 038 
4990 See Model 031 

RADIONIC EQUIPMENT CO. (CHANCELLOR) 
170 NASSAU ST. 

NEW YORK 7, N. Y. 

C65, C86 
C70, C71, C72, 
A77L 
A88 
083 
A87 
U88 

6W Schematic, note 15-1 
Alignment, trimmers 15-2 
Alignment, notes, dial data, 

voltage 15-3 

THE RAULAND CORP. 
4246 N. KNOX AVE. 
CHICAGO 41, ILL. 

546T Schematic, alignment, 
voltage Misc. 16-17 

RAY -ENERGY RADIO AND TELEVISION CORP. OF AMERICA 
32 WEST 22ND ST. 

NEW YORK 10, N. Y. 
A, AD, B, BP Schematic 15-1 
SRB-1X Schematic 15-1 
AD -4 Schematic, alignment 15-2 

REGAL ELECTRONICS CORP. 
20 WEST 20TH ST. 

NEW YORK 11, N. Y. 
MODEL PAGE 
L-46 Schematic, socket 15-1 
L-47 Schematic, socket 15-2 
L-76 Schematic 15-3 
762 Schematic 15-4 

Clarified schematics 15-5 

REMLER CO., LTD. 
2101 BRYANT ST. 

SAN FRANCISCO 10, CALIF. 
MP5-5-3 Schematic, alignment 15-1 
440 Schematic, notes 15-2 
4420 Schematic 15-3 

Record Changer: V -M 800 
Series; see New Products 300 
Series A.R.0.&R. 312 

462 Schematic 15-4 
467 Schematic 15-5 

RENARD RADIO & TELEVISION CORP. 
508 BROADWAY 

NEW YORK 12, N. Y. 
1B5T-1, L1A-PT-1A Schematic Mise. 16-4 

ROH MEG. CO. 
214 EAST 41ST ST. 

NEW YORK 17, N. Y. 
5 -Tube AC Schematic, socket, push 

button Misc. 15-18 

SCOTT RADIO LABORATORIES, INC. 
4541 RAVENSWOOD AVE. 

CHICAGO 40, ILL. 
F -M Converter Schematic 15-1 

Trimmers, front and side view 15-2 
Installation notes 15-3 
Operation, alignment, parts 

list 15-4 
Laureate, Revised Schematic 15-5, 6 

Record Changers: 
Garrard Model RC 6 

A.R.C.&R 173 
Garrard Model RC 10 

A.R.C.&R 187 
Garrard Model RO 30 

A.R.C.&R 198 
Garrard Model RO 50 

A.R.C.&R 198 
Seeburg Model B A.R.C.&R 551 
Seeburg Model BR..A.R.C.&R 567 

Clarified schematics 15-7 
Phantom, Revised Schematic 16-9, 10 

Record Changers: 
Seeburg Model B ....A.R.C.&R 551 
Seeburg Model BR..A.R.C.&R 567 

Clarified schematics 15-8 
Clarified schematics 15-11 
Clarified schematics 15-12 
Schematics 15-13, 14 
Record Changers: 

Seeburg Model B ....A.R.0.&R 551 
Seeburg Model BR..A.R.O.&R 567 

Clarified schematics 15-15 
Clarified schematics 15-16 
Circuit description 15-17 
Tests and alignment 15-18 
Alignment concluded, trimmers, 

socket, notes 15-19 
All -Wave, 2 -Volt Battery Schematic 15-20 

Clarified schematics 15-21 
Clarified schematics 15-22 
Schematic 15-23 
Record Changers: 

Garrard Model RO 6 
A.R.C.&R 173 

Garrard Model RC 10 
A.R.O.&R 187 

Garrard Model RO 30 
A.R.O.&R 198 

Garrard Model RC 50 
A.R.C.&R 198 

Seeburg Model B ....A.R.C.&R 551 

All -Wave 15, LateSeeburg Model BR..A.R.C.&R 567 

All -Wave 15, Early, Late 
Schematic 15-24 
Clarified schematics 15-25 
Clarified schematics 15-26 
Power -amplifier schematic and 

layout, power -pack schematic 15-27 
Adjustments, notes 15-28 
Socket, trimmers, chassis, coil 

assembly, parts list 15-29 

Schematic 15-31, 32 
Record Changers: 

Garrard Model RC 60 
ROD.OH. 15-1 

Thorens Model CD -40 
RCD.OH. 15-1 

Clarified schematics 15-33 
Clarified schematics 15-34 

(Continued) 

Phantom Deluxe, Revised 

All -Wave 15, Early 

800-B, Early, Below 
Serial No. 2000 
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SCOTT RADIO 
SONORA RADIO 

SCOTT RADIO LABORATORIES, INC.-(Cont.) 
MODEL PAGE 
800-B, Early, Below Serial 

No. 2000-(Cont.) F -m and power -supply 
schematic 15-39, 40 

Push-button tuning system 
schematic 15-48 

800-B, Revised, Above 
Serial No. 2000 Schematic 15-35, 36 

Record Changers: 
Garrard Model RC 60 

RCD.CH. 15-1 
Thorens Model CD -40 

RCD.CH. 15-1 
Clarified schematics 15-37 
Clarified schematic, 15-38 
F -m and power -supply 

schematic 15-41, 42 
Push-button tuning system 

schematic 15-49 
800-B, Early, Late, Below 

and Above Serial No. 2000 Circuit description, part 1 15-30 
Iront view, back view of 

push-button tuning system 
backplate 15-46 

Push-button tuning circuits 
description 15-47 

Push-button switch detail 15-50 
End and top views of power 

supply 15-51 
Push-button tuning system 

instructions 15-52 
Trouble location chart 15-53 
Push-button tuning backplate 

details 15-54 
Maintenance and repaira 15-55 
Record changer maintenance, 

voltage chart, part 1 15-56 
Voltage chart, part 2, 

resistance chart, part 1 15-57 
Bottom view, receiver chassis 15-58 
Bottom view, power -supply 

chassis 15-59 
Resistance chart, part 2 15-60 
Top and rear views, receiver 

chassis 15-61 
Socket and trimmer locations, 

receiver 15-62 
Alignment, part 1 15-63 
Socket and trimmer locations, 

power -supply chassis 15-64 
Alignment, part 2 15-65 
Resistor terminal strips details 15-66 
Alignment, part 3 15-67 
Coil data chart 15-68 
Remote control, description 

and adjustments, part 1 15-69 
Remote control assembly, 

schematic 15-70 
Remote control adjustments, 

part 2, changes 15-71 
Remote control parta list, 

schematic remote volume 
control 15-72 

Installation data 15-73 
Installation and operating data 15-74 
Antenna connections views 15-75 
Operating data, part 2 15-76 
Installation of loop antenna, 

part 1 15-78 
Loop antenna installation, detail 

drawings, notes 15-79 
Hum reduction notes, part 1 ... _ 15-80 
Wiring diagram and schematic 

for installation of filter 15-82 
Wiring diagram for a -f input 

hum reduction 15-83 
Hum reduction notes, part 3, 

schematic 16-84 
F -m antenna installation 

drawing 15-85 
Parts list, page 1 15-86 

SEARLE AERO INDUSTRIES. INC. 
BOX 111 

ORANGE, CALIF. 
551-8 Schematic, socket, trimmers 15-1 

Alignment 15-2 

SEARS -ROEBUCK & CO. 
CHICAGO 7, ILL. 

6002, Chassis 132.818 Schematic, voltage, alignment, 
socket, trimmers, chassis ........ 15-1 

Parts list 15-2 
6052, Chassis 110.462 Schematic, voltage 15-3 

Alignment, socket, trimmers, 
notes 15-4 

6072, Chassis 110.454 Schematic, voltage 15-5 
Alignment, socket, trimmers, 

parts list 15-6 
6092, Chassis 101.672-1B, 

6093, Chassis 101.672-1A.... Schematic, voltage, chassis, 
dial data 15-7 

Clarified schematics 15-8 
Alignment, socket, trimmers, 

parts list 15-9 

SEARS -ROEBUCK & CO.-(Cont.) 
MODEL PAGE 
6100, Chassis 101.660-1A Schematic, voltage, alignment, 

trimmers, chassis, dial data, 
socket 15-10 

Parts list 15-2 
6104A, 6104B, Chassis 

101.662.2D, 6105A, 6105B, 
Chassis 101.662-2B Schematic, voltage, socket, 

trimmers, alignment 15-11 
Clarified schematics 15-8 
Dial data, chassis, parts list 15-12 

6200, Chassis 101.800 Schematic, voltage, alignment, 
trimmers, socket, dial data, 
chassis 15-13 

Parts list 15-2 
6220, Chassis 101.801 Schematic, voltage, algnment, 

trimmers, socket, dial data, 
chassis 15-14 

Parts list 15-21 
Schematic, voltage, chassis, 

dial data 15-15 
Clarified schematics 15-16 
Clarified schematics 15-17 
Alignment, socket, trimmers, 

6685, Chassis 139.150, 
parts list 15-18 

Powr Shiftr Schematic, notes 15-19 
Chassis 101.660-1A See Model 6100 
Chassis 101.662-2B See Model 6105A 
Chassis 101.662-2D See Model 6104A 
Chassis 101.672.1A See Model 6093 
Chassis 101.672-1B See Model 6092 
Chassis 101.800 See Model 6200 
Chassis 101.801 See Model 6220 
Chassis 101.802 See Model 6230 
Chassis 110.451 Schematic, voltage 15-20 

Alignment, socket, trimmers, 

Chassis 110.452 
parts list 15-21 

See Model 6052 
Chassis 110.454 See Model 6072 
Chassis 132.818 See Model 6002 
Chassis 139.150 See Model 6685 

SENTINEL RADIO CORP. 
EVANSTON, ILL. 

269T, 269C, 269F Schematic, voltage, socket 15-1 
Clarified schematics 15-2 
Clarified schematics 15-3 
Alignment, trimmers, chassis 15-4 
Push button, notes, parts list 15-6 

6230, Chassis 101.802 

284W, 284I, 284NI, 284NA, 
1U -284W, 1U -284I, 
1U-284NI, 1U-284NA Schematic, voltage, socket 15-6 

Alignment, trimmers, socket, 
chassis 15-7 

Parts list 15-8 
289T Schematic, voltage, socket 15-9 

Alignment, socket, trimmers, 
chassis 15-10 

Parta list 15-8 
Schematic, voltage, socket 15-17 
Record Changer: General In- 

strument Model 205-RCD.CH. 15-5 
Alignment, socket, trimmers, 

chassis 15-18 
Dial data, notes, parta list 15-19 

293W. 293I, 293T, 1U -293W, 
1U -293I, 1U -293T Schematic, voltage, socket 15-11 

Alignment, socket, trimmers 15-12 
Parts list 15-13 

294N, 294I, 294T, 11J -294W, 
1U -294I, 1U -294T Schematic, voltage, socket 16-14 

Clarified schematics 16-15 
Alignment, socket, trimmers, 

chassis 15-16 
Parta list 15-J3 

SETCHELL CARLSON, INC. 
2233 UNIVERSITY AVE. 

ST. PAUL 4, MINN. 
416 Schematic, socket, 

trimmers Misc. 16-19 

SHERIDAN ELECTRONICS CORP. 
2850 S. MICHIGAN AVE. 

CHICAGO 16, ILL. 
553E, 554R Schematic, socket Misc. 16-20 

SILVERTONE 
See SEARS -ROEBUCK 

SIMPLON 
See INDUSTRIAL ELECTRONIC CORP. 

SKY ROVER 
See BUTLER BROS. 

SONORA RADIO & TELEVISION CORP. 
326 N. HOYNE AVE. 

CHICAGO, ILL. 
RBU Schematic, voltage, alignment, 

socket, trimmers 15-1 
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SONORA RADIO 
STEWART WARNER 

SONORA RADIO & TELEVISION CORP.-(font.) 
MODEL PAGE 
RCII Schematic, voltage 15-2 

Alignment, socket, trimmers 15-3 RDII Schematic, voltage 15-2 
Alignment, socket, trimmers 15-3 EX Schematic, alignment, socket, 

trimmers 15-4 

SPARTON 
See SPARKS WITHINGTON CO. 

THE SPARKS WITHINGTON CO. 
2400 E. GANSON AVE. 

JACKSON, MICH. 
5-06 Schematic 15-1 

Alignment, socket, trimmers 15-2 
Voltage, dial data 15-3 

7-46, 7 -46 -PA, 846, 846 -PA.... Schematic, voltage, dial 
data 15-5, 6 

Record Changer: Seeburg 
Model K RCD.CH. 15-2 

Clarified schematics 15-4 
Alignment, socket, trimmers 15-7 

846, 846 -PA See Model 7.46 

SPIEGEL, INC. 
1061 W. 35TH ST. 
CHICAGO 9, ILL. 

F Compact, P Compact, 
Battery Eliminators 

PX 

1-53 

1-421 

2-560 to 2-569 inclusive 

2-610 to 2-619 inclusive 

Chassis FJ-97 
106B 

W-106, Z-7004, Z-7052 

890 

397 
408 
433 

TB -503 

TK -504, TK -514 

568 

571 

581 

582-1 

630 

T-630 

TR -640 

651, 6514, 6541, 6547, 
6511, Chassis FJ-97 Schematic, socket, alignment, 

trimmers 15-37 
Record Changer: Seeburg 

Model K RCD.CH. 15-2 
Parts list 15-9 

5001 Schematic, alignment, socket, 
trimmers 15-38 

6511, 6514, 6541, 6547, See Model 651 
Z-7004, Z-7052 See Model W-106 

Schematics 15-1 
Schematic, alignment, socket, 

trimmers 15-2 
Schematic, voltage, socket, 

trimmers 15-3 
Schematic, voltage, socket, 

trimmers 15-4 
Schematic, voltage, socket, 

trimmers 15-5 
Schematic, voltage, socket, 

trimmers 15-6 
Clarified schematics 15-7 
See Model 651 
Schematic, voltage, alignment, 

socket, trimmers 15-8 
Schematic 15-9 
Clarified schematics 15-10 
Schematic 15-11 
Alignment, socket, trimmers, 

parts list 15-12 
Schematic, socket 15-13 
Schematic, socket 15-14 
Schematic, alignment, socket, 

trimmers 15-15 
Parts list 15-17 
Schematic, alignment, socket, 

trimmers 15-16 
Schematic 15-17 
Alignment, socket, trimmers 15-18 
Schematic 15-19 
Clarified schematics 15-20 
Alignment, socket, trimmers, 

dial data 15-21 
Voltage, chassis, parts list 15-22 
Schematic 15-23 
Alignment, socket, trimmers, 

dial data 15-24 
Voltage, chassis, parts list 15-25 
Schematic, socket 15-26 
Clarified schematics 15-27 
Notes, parts list 15-28 
Schematic 15-29 
Voltage, alignment, socket, 

trimmers 15-30 
Schematic, voltage, alignment, 

socket, trimmers 15-31 
Clarified schematics 15-32 
Schematic, alignment, socket, 

trimmers 15-33 
Schematic, alignment, socket, 

trimmers 15-34 
Clarified schematics 15-35 
Clarified schematics 15-36 

STANLEY SERVICE STATION 
ARLINGTON, VA. 

TM -110 Schematic, push button Misc. 15-21 

STEWART WARNER CORP. 
1826 DIVERSEY PARKWAY 

CHICAGO 14, ILL. 
17-8E1, 17-8E9, 17-8E9Z, 

17-8E12 Schematic 
(Continued) 

MODEL 
17-8E1, 17-8E9, 17-8E9Z, 

17-8E12 (Cont.) 

17-8E12 
51T46, 51T56 

61T16, 61T26 

61TR36, 61TR46 

62T16(9023 -C), 62TC16- 
(9023-D), 62TC26- 
(9023-E), 62TC36- 
(9023-F) 

62T36 

62TC16, 62TC26, 62TC36 
72CR16, 72CR26 

9000-B 

9001-C, 9001-D, 9001-E, 
9001-F 

9002-A, 9002-B, 9002-P, 
9002-R 

9003-B, Early and First 
Revision 

9003-B, Second Revision 

9004-B, 9004-F, 9004-G 

9005-A, 9005-B 

9007-A, 9007-F, 9007-G 

9009-B, 9009-H 

9014-E 

9017-A 

15-1 9023-C, 9023-D, 9023-E, 
9023-F 

STEWART WARNER CORP.-(Cont.) 
PAGE 

Record Changer: General 
Industries GI-C120..A.R.O.&R 248 

Clarified schematics 15-2 
Alignment, socket, trimmers 15-3 
Parts list 15-4 
See Model 17.8E1 
Schematic, voltage, dial and 

coil data 15-5 
Alignment, gain, socket, 

trimmers 15-6 
Schematic, voltage, cod and 

dial data 15.7 
Alignment, gain, socket, - 

trimmers 15-8 
Schematic, voltage, coil and 

switch data 15-9 
Record Changer: General 

Instrument Model 205 
RCD.CH. 15-5 

Alignment, gain, dial data, 
socket, trimmers .... 15-10 

Schematic, voltage, coil 
data 15-11, 12 

Clarified schematics 15-13 
Alignment, socket, trimmers 15-14 
Dial data, notes 15-15 
Schematic, voltage, switch and 

coil data 15-16 
Clarified schematics 15-47 
Alignment, gain, socket, 

trimmers, dial data 15-17 
See Model e2T16 
Schematic, switch and coil 

data 15-18 
Record Changer: Webster 

Model 50 RCD.CH. 15-1 
General Instrument Model 

205 RCD.CH. 15-5 
Clarified schematics 15-37 
Alignment, socket, trimmers 15-19 
Voltage, gain, dial data, 

push-button switch 15-20 
Schematic, voltage, coil and 

switch data 15-21 
Clarified schematics 15-47 
Alignment, gain, socket, 

trimmers, dial data 15-22 

Schematic, voltage, coil and 
switch data 15-23, 24 

Clarified schematics 15-25 
Alignment, socket, trimmers 15-26 
Gain data 15-15 

Schematic, voltage, coil data 15-27 
Alignment, gain, socket, 

trimmers, dial data 15-28 

Schematic, voltage, coil and 
switch data 15-29, 30 

Clarified schematics 15-31 
Alignment, socket, trimmers 15-32 
Gain, dial data, lead dress, 

notes 15-33 
Schematic, changes, notes 15-34 
Clarified schematics 15-31 
Alignment, socket, trimmers 15-32 
Gain, dial data, lead dress, 

notes 15-33 
Schematic, voltage, coil and 

switch data 15-35, 36 
Record Changer: Webster 

Model 50 RCD.CH. 15-1 
Clarified schematics 15-37 
Alignment, socket, trimmers 15-38 
Gain, dial data 
Schematic, voltage, coil data 
Alignment, gain, socket, 

trimmers, dial data 15-41 
Schematic, voltage, coil data 15-42 
Alignment, gain, socket, 

trimmers, dial data 15-43 
Schematic, dial data, coil and 

switch data, lead dress 15-44 
Record Changer: General In- 

strument Model 205..RCD.CH. 15-5 
Alignment, gain, voltage, 

socket, trimmers 15-45 
Schematic, voltage, coil and 

switch data 15-46 
Clarified schematics 15-47 
Alignment, gain, socket, 

trimmers, dial data 15-48 
Schematic, voltage, coil and 

switch data 15-49 
Clarified schematics 15-50 
Alignment, socket, trimmers 15-51 
Gain, dial data, parts list .... 15-52 

See Model 62T16 

15-39 
15-40 
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STROMBERG CARLSON 
WARWICK 

er 

STROMBERG CARLSON CO. 
ROCHESTER 3, N. Y. 

MODEL PAGE 

1020PL, 1020PLM, 1120LW, 
1120PLW, 1120PLM, 
1120PL, 1120PM Schematic, gain, voltage 15-1 

Record Changers: 
Model 102OPL, Seeburg 

Model K RCD.CH. 15-2 
Model 112OPL, Seeburg 

Model K RCD.CH. 15-2 
Oak Model 6666 RCD.CH. 15-1 

Clarified schematics 15-2 
Wiring diagram 15-3 
Alignment, socket, trimmers 15-4 
Parts list 15-5 

1100H, 1100HI Schematic, gain, wiring 
lb -6 diagram 

Voltage, alignment, socket, 
trimmers 15-7 

Parts list 15-5 

1101 -HB, 1101 -HI, 
1101 -HM, 1101.11w, 15-9 1101-HY Schematic 

Voltage, alignment, socket, 
trimmers 15-10 

Wiring diagram 15.11 
1121-PFM. 1121-PFW, 

1121-PGM 1121 -POW, 
1121-PLW 1121-PLM, 
1121 -M1 -O, 1121-PSM, 
1121 -M2 -Y, 1121 -M2 -W, 
1121 -LW, 1121-HW Schematic, gain 15-13, 14 

Record Changers: 
Seeburg Model L RCD.CH. 15-13 
Webster Model 50 RCD.CH. 15-1 

Clarified schematics 15-15 
Clarified schematics 15-16 
Voltage, socket, dial data, 

identification table 15-12 
Wiring diagram 15-17 
Alignment, part 1, socket, 

trimmers 15-18 
Alignment, part 2 15-19 
Parta list, changes 15-20 

TELETONE RADIO CORP. 

609 WEST 61ST ST. 
NEW YORK 19, N. Y. 

100, 101, 111, 113, 
Chassis A, Early Schematic 16-1 

100, 100A, 101, 109, 111, 
122, 130, Chassis A, 

15-2 Late Schematic 
101J, 122J, 130J, Chassis, 

Series J Schèmatic 15-4 
109, Chassis A, Late See Model 100, Chassis A, Late 
111, Chassis A, Early See Model 100, Chassis A, Early 
111, Chassis A, Late See Model 100, Chassis A, Late 
115, Chassis Series B Schematic 15-3 
117, 117A 118, 120, 

Chassis Series D Schematic 15-4 
122 See Model 100, Chassis A, Late 
1223 See Model 1013 
130 See Model 100, Chassis A, Late 
1303 See Model 1013 
134. Chassis Series C Schematic 15-3 
Chassis A, Early See Model 100 
Chassis A, Late See Model 100 
Chassis Series B See Model 115 
Chassis Series C See Model 134 
Chassis Series J See Model 1013 

TEMPLE 
See TEMPLETONE RADIO MFG. CO. 

TEMPLETONE RADIO MFG. CO. 

100 GARFIELD AVE. 
NEW LONDON, CONN. 

P-2 Schematic 15-1 
P-5 Schematic 15-2 

Clarified schematics 15-3 
P-13 (F-617) Schematic . 15-4 

Record Changer: Detrola Model 
550 RCD.CH. 15-1 

E-610 to E-519 inclusive Schematic, alignment, socket .... 15-5 
Parts list 15-6 

E-511 Schematic, notes, socket 15-7 
L-525 Schematic 15-1 
F-611 Schematic, alignment, socket .... 15-8 

Parts list 15-6 
F-617 See Model P-13 
G-619 Schematic 15-9 

TEXAN RADIO MFG. CO. 

HOUSTON, TEXAS 

199 .. Schematic 16-1 
Alignment, voltage, resistance 15-2 

204 Schematic 15-3 
Alignment, voltage 15-4 

MODEL 
Chassis 100 
Chassis 102 
Chassis 104 
Chassis 105 
Chassis 800 
5000, 5001, 

TRAVELER RADIO CORP. 
1028 WEST VAN BUREN ST. 

CHICAGO 7, ILL. 

See Model 5000 
See Model 5002 
See Model 5007 
See Model 5010 
See Model 5020 

Chassis 100 Schematic 

PAGE 

Alignment, socket, trimmers 
5002, Chassis 102 Schematic 

Alignment, socket, trimmers 
5007, 5008, 5009, 

Chassis 104 Schematic, alignment, socket, 
trimmers 

15-1 
15-2 
15-1 
15-2 

15-3 

5010, 5011, 5012, 
Chassis 105 Schematic, alignment, socket, 

15-4 trimmers 
Clarified schematics 15-5 

5020, Chassis 800 Schematic, alignment, socket, 
trimmers 15.8 

TRUETONE 
See WESTERN AUTO SUPPLY 

VLTRADYNE 
See REGAL ELECTRONICS 

U. S. TELEVISION MFG. CO. 
1 WEST 61ST ST. 

NEW YORK 23, N. Y. 

5-16 Schematic 15-1 
Voltage, alignment, socket, 

trimmers 15-2 
5-46 Series Schematic 15-3 

socket, 
15-4 

Voltage, alignment, 
trimmers 

V-LECTRICAL MFG. CO. 

828 N. HIGHLAND AVE. 
LOS ANGELES, CALIF. 

Z463 Schematic, socket, 
trimmers Misc. 15-22 

Z468 Schematic ..... Misc. 15-22 

WALGREEN CO. 

744 BOWEN AVE. 
CHICAGO, ILL. 

568 Schematic 15-1 
Clarified schematics 15-2 
Alignment, socket, trimmers, 

dial data 15-3 
Voltage, chassis, parts list 15-4 

571 ... Schematic 15-5 
Alignment, socket, trimmers, lb6 dial data 
Voltagé, chassis, parts list 15.7 

WARWICK 01FG. CO. 

4640 WEST HARRISON ST. 
CHICAGO 44, ILL. 

C-100 Schematic, voltage, socket, 
trimmers, alignment 15-1 

C-101 Schematic, voltage, alignment, 
socket, trimmers 15-2 

Record Changer: Detrola 
Model 550 RCD.CH. 15-1 

General Instrument 
Model 205 RCD.CH. 15-5 

C-102 Schematic, alignment, socket, 
trimmers 15-3 

C-103 Schematic, alignment, socket, 
trimmers W. 

15-4 
Parts list 15-5 

C-104 Schematic, alignment, socket, 
trimmers 15-6 

Parts list 15.8 
C -104A Schematic, alignment, socket, 

trimmers 15-7 
Parts list 15-5 

C-105 Schematic 15-8 
Record Changer: Detrola 

Model 550 RCD.CH. 15-1 
Milwaukee Erwood Model 

10700 RCD.CH. 15-1 
General Instrument 

Model 205 RCD.C$. 15-5 
Alignment, socket, trimmers ...... 15-6 

C-105-.1 Schematic 15-9 
Record Changer: Detrola 

Model 550 RCD.CH. 15-1 
Milwaukee Erwood Model 

10700 RCD.CH. 15-1 
General Instrument 

Model 205 RCD.CH. 15-5 
Alignment, socket, trimmers 15-7 

C-108 .. Schematic, alignment, socket, 
trimmers 15-10 

A 
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WATTERSON 
ZENITH 

MODEL 
4581 Schematic, alignment, socket, 

trimmers 
4582 Schematic, socket, t 

WATTERSON RADIO MFG. CO. 
2700 SWISS AVE. 

DALLAS 1, TEXAS 
PAGE 

15-1 
'miners 15-2 

WESTERN AIR PATROL 
5 -Tube Super. '34-'35 Schematic, alignment, voltage .... 15-4 38 (W415) Schematic, voltage 15-1 

Clarified schematics 15-2 76(W487) Schematic, socket 15-1 
Clarified schematics 15-8 W415 See Model 38 W487 See Model 78 

WESTERN AUTO SUPPLY CO. 
(TRUETONE) 

2107 GRAND AVE. 
KANSAS CITY, MO. 

D1645 Schematic, voltage, coil data .... 15-1 
Record Changer: Oak Model 

6666 ROD.CH. 15-1 
Clarified schematics 15-2 
Socket, trimmers, parts list 15.3 
Alignment, trimmers, dial data 15-4 D2610, D2611 Schematic, voltage, dial data 15-5 
Alignment, socket, trimmers 15-6 

02612 Parts list 15-4 
Schematic, gain, coil data, 

socket 15-7 
Alignment, trimmers, voltage, 

dial data 15-8 
02613 Parts list 15-9 

Schematic, gain, coil and 
switch data 15-10 

Clarified schematics 15-11 
Alignment, socket, trimmers, 

voltage, dial data 15-12 Parts list 15-9 D2615 Schematic, voltage, push 
button 15-13 

Alignment, socket, trimmers, 
02620 parts list 15-14 

Schematic, voltage, coil and 
dial data 15-15 

Alignment, socket, trimmers, 
parts list 15-16 

WESTERN AUTO OF CALIFORNIA 
(CORONADO) 

1100 SOUTH GRAND AVENUE 
LOS ANGELES, CALIF. 

43-6451 Schematic, voltage 
Alignment, socket, trimmers, 

43-8685 data, dial data, chassis 
Schematic, voltage, alignment, 

dial data 
Socket, trimmers, chassis, 

coil 

coil data, parts list 15-4 
WESTINGHOUSE ELECTRIC CORP. 

SUNBURY, PENNSYLVANIA 
31104, H105, 11107, 11108, 

H110, H111, H137, 13138.. Schematic, dial data, voltage, 
push button 15-1 Record Changers (Models H107, 

11108) : General Instrument 
Model 205 RCD.CH. 15-5 

(Models H110, 13111): Gen- 
eral Instrument Model 
204 RCD.CH. 15.1 Clarified schematics 15-2 Alignment, socket, trimmers 15-3 

11122, 11180 
Chassis, parts list 15-4 Schematic, voltage, resistance, 

dial data 15-5 Record Changer: General Instru- 
ment Model 205 RCD.CH. 15-5 Alignment, socket, trimmers 15-6 

11125, 31128 
Chassis, parts list 15-7 Schematic, voltage, resistance 15-8 Alignment, socket, trimmers 15-9 11180Circuit change, parts list 15-10 

11187, 11138 
See Model H122 
See Model 11104 

WESTINGHOUSE ELECTRIC INTERNATIONAL CO. 
350 FIFTH AVENUE 

NEW YORK 10, N. Y. 
/3470-A, B470 -B, B470 -C, 

B470 -D Schematic, voltage 15-1 Alignment, socket, trimmers, 
parts list 15-2 

WILCOX GAY CORP. 
CHARLOTTE, MICH. 

6810, 6B20, 6830, 6032, 
Early; Serial Nos. 
700,000 to 701,751 Schematic, voltage 15.1 Clarified schematics 15-2 Clarijcd schematics 15-3 

MODEL PAGE 
6B10, 6B20, 6B30, 6B32, 

Late; Serial Nos. 
701,752 to 703,631 Schematic, voltage 15-4 

Clarified schematics 15-2 
A-36, A-37 

Clarified schematics 15-3 
Schematic 15-5 
Clarified schematics 15.8 

WOOLAROC 
See PHILLIPS PETROLEUM 

ZENITH RADIO CORP. 
6001 DICKENS AVE. 
CHICAGO 39, ILL. 

Ford, Mercury Antenna installation notes 15-100 Chassis 4052 See Model 4K016 Chassis 4C53 See Model 4K035 4K016, Chassis 4C52; 
4K035, Chassis 4053 Schematic, voltage, gain, 

coil data 15-1 
Alignment, socket, trimmers 15-2 513042, Chassis 5C26T Schematic, voltage, gain, notes.... 15-3 
Clarified schematics 15-4 
Clarified schematics 15-5 
Notes 15-6 
Alignment, socket, trimmers, 

notes 15-7 Chassis 5CO1 See Model 50011 Chassis 5001Z See Model 5DO11Z Chassis 5CO2 See Model 531080 Chassis 5CO2Z See Model 511086Z Chassis 5004 See Model 6R080 Chassis 5C6OT See Model 51)012T Chassis 5C61T See Model 68071T Chassis 5062T See Model óB042 Chassis 5C63 See Model 5S042AT Chassis 5C64T See Model 5D042T 5D011, 50011W, 50011Y, 
5D027, Chassis 5C01; 
5DO11Z, 5D011ZW, 
6D011ZY, 5D027Z, 
Chassis 5001Z Schematic, voltage, gain, 

coil data 15-8 
Alignment, socket, trimmers 15-9 5D012T, Chassis 5C6OT Schematic, voltage, gain, 

coil data 15-10 
Clarified schematics 15-1-11 
Notes 152 
Alignment, socket, trimmers, 

notes 15-13 513042T, Chassis 5C64T .... Schematic, voltage, gain, 
coil data 15-14 

Clarified schematics 15-15 
Clarified schematics 15-16 
Notes 15-17 
Operating notes 15-18 
Alignment, socket, trimmers 15-19 

15-1 

15-2 

WILCOX GAY CORP.-(Coat.) 

5R080, Chassis 5CO4; 
15-3 511088, Chassis 5002; 

5RO86Z, Chassis 5002Z 

5SO42AT, 5S042BT, 
5SO42CT, Chassis 5C68 .... 

Chassis 6B19 
Chassis 6001 
Chassis 6005, Early, Late 
Chassis 6021 
Chassis 6022 
Chassis 6040 
,Chassis 6081 
Chassis 6082 
6D014, 60029, 

Chassis 6001 

61,015, 613030, Chassis 
6005 Early 

6DO15, 6D030, Chassis 
6005 Late 

6D029 
6D030 
6G001, Chassis 6040 

6MF080, Chassis 6081, 1946 
Ford Adjust -O -Matie 
51A -18805-A1 Schematic, voltage, gain 15-32 

Alignment, socket, trimmers, 
chassis 15-33 

(Continued) 

Schematic, voltage, gain, 
coil data 15-20 

Alignment, socket, trimmers .... 15-9 
Record changer (Model 

511086) : Zenith Model 
811468 RCD.CH. 15-1 

Schematic, voltage, gain, 
coil data 15-21 

Clarified schematics 15-22 
Clarified schematics 15-23 
Notes 15-24 
Operating notes, alignment, 

socket, trimmers 15-25 
See Model 6MF690 
See Model 6D014 
See Model 613015 
See Model 611084 
See Model 611087 
See Model 60001 
See Model 6MF080 
See Model 6MNO82 

Schematic, voltage, gain, 
coil data 15-26 

Alignment, socket, trimmers, 
notes 15-27 

Schematic, voltage, gain, 
coil data 15-28 

Alignment, socket, trimmers 15-2 

Schematic, voltage, gain, 
coil data 15-29 

Alignment, socket, trimmers 15-2 
See Model 6DO14 
See Model 60015 
Schematic, voltage, gain, 

coil data 15-30 
Alignment, socket, trimmers 16.31 
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ZENITH RADIO CORP.-( Cont. ) 
MODEL 
6MF080, Chassis 6081, 1946 

Ford Adjust-O-Matic 
51A -18805-A1 (Cont.) 

6MF690, Chassis 6B19, Ford 
Adjust-O-Matic 
21A -18805 -Al 

6MH081, Hudson DB46 

6MN082, Chassis 6082, 
Nash 

611084, Chassis 6021 

6E087, Chassis 6022 

68071T, Chassis 5061T ...» 

Chassis 7061T 
Chassis 7080 
7J045T, Chassis 7C61T 

PAGE 

Installation notes, suppression 
and circuit notes 15.34 

Parts list 15-35 

7ML080 Lincoln, 7ML081 
Continental, Chassis 7C80.... Schematic, voltage, gain 

Alignment, socket, trimmers, 
chassis, circuit notes 15.60 

Assemblies, installation, tuning 
notes 15-61 

Parts list 15-62 
See Model 8H023 
See Model 811032 
See Model 9H079 
See Model 80005 
See Model 8G005BT 
Schematic, voltage, gain, 

coil data 

Chassis 8C01 
Chassis 8C20 
Chassis 8021 
Chassis 8C40 .. 
Chassis 8C4OBT 
80005, Chassis 8040 

Schematic, specifications 15-36 
Voltage, alignment, socket, 

trimmers 15.37 
Installation, suppression, and 

circuit notes 15-38 
Parts list 15-39 
Schematic, voltage, gain 15-95 
Alignment, socket, trimmers, 

chassis 15.96 
Tuning and installation notes 15-97 
Interference notes 15-98 
Parts list 15-99 

Schematic, voltage, gain 15-40 
Alignment, circuit, socket, 

trimmers 15-41 
Suppression notes 15-42 
Assembly, parts list 15-43 
Schematic, voltage, gain, 

coil data 15-44 
Record changer: Zenith Model 

S11468 RCD.CH. 15-1 
Alignment, socket, trimmers 15.46 
Schematic, voltage, gain, 

coil data 15-45 
Record Changer: Zenith Model 

S11468 RCD.CH. 15-1 
Alignment, socket, trimmers 15.46 
Schematic, voltage, gain, 

coil data 15-47 
Record Changer: Zenith Model 

S-11680 RCD.CH. 15-9 
Clarified schematics 15-48 
Notes 15-49 
Tuning and record -changer 

notes, part 1 15-50 
Record changer notes, part 2 15-51 
Alignment, socket, trimmers 15-53 
See Model 7J045T 
See Model 7ML080 
Schematic, voltage, gain 15-54 
Clarified schematics 15-55 
Clarified schematics 15-56 
Notes 15-57 
Circuit and operating notes 15-58 
Alignment, socket, trimmers 15-19 

15-59 

ZENITH 
FARNSWORTH 

ZENITH RADIO CORP.-(Cont.) 
MODEL 
8G005BT, Chassis 

80005, 8G005BT 

PAGE 
8040BT.... Schematic, voltage, gain, 

coil data 15-67, 68 
Clarified schematics 15-64 
Clarified schematics 15-65 
Clarified schematics 15-66 
Alignment notes 15-69 
Alignment, socket, trimmers 15-70 

8H023, 8H034, Chassis 
8001 Schematic, voltage, gain, 

coil data, notes .... 15-71, 72 
Clarified schematics 15-73 
Alignment notes, socket, trim- 

mers, hum notes 15-74 
Alignment 15-75 

$11032, 811033, 811050, 
811051, 811052, 811061, 
Chassis 8020, Early, Late.... 

$11034 
$11050, 8H051, 811052, 

8H061 
211079, 911081, 911082, 

911085, 911088, Chassis 
8021, Early, Revised 

811079, 911081, 911082, 
911085, 9H088, Chassis 
8021, Late 

Chassis 11021 
1211090, 1211091, 1211092, 

12H093, 1211094, Chassis 
11021, Early 

Schematic, voltage, gain, 
coil data 15-77, 78 

Clarified schematics 15-76 
Alignment 15-79 
Socket, trimmers, alignment 

notes 15-80 
Notes, changes 15-86 
See Model 811023 

See Model 811032 

Schematic, voltage, gain, 
coil data 15-81, 82 

Record Changer: Zenith Model 
S-11680 RCD.OH. 15-9 

Clarified schematics 15-85 
Alignment 15-79 
Socket, trimmers, alignment 

notes 15-80 
Notes, changes 15-86 

Schematic, voltage, gain, 
coil data 15-83, 84 

Clarified schematics 15-85 
Alignment 15-79 
Socket, trimmers, alignment 

notes 15-80 
Notes, changes 15-86 
See Model 1211090 

Schematic, voltage, gain, 
coil data 15-87, 88 

Record Changer: Zenith Model 
S-11680 RCD.CH. 15-9 

Clarified schematics 15-89 
Clarified schematics 15-90 
Alignment notes 15-93 
Socket, trimmers, alignment 15-94 

12H090, 1211091, 1211092, 
1211093, 12H094, 
Chassis 11021, Late .. Schematic, voltage, gain, 

coil data 15-91, 92 
Record Changer: Zenith Model 

S-11680 RCD.CH. 15-9 
Clarified schematics 15-89 
Clarified schematics 15-90 
Alignment notes 15-93 
Alignment, socket, trimmers 15.94 

INDEX to RECORD CHANGERS 

MODEL 
RC150 

ADMIRAL CORP. 
3800 CORTLAND ST. 

CHICAGO 47, ILL 
PAGE 

Top view, operating instruc- 
tions RCD.OH. 15-1 

Description of change cycle 
RCD.OH. 15-2 

Adjustments RCD.OH. 15-3 
Servicing and repair RCD.CH. 15-4 
Exploded view RCD.CH. 15-8 
Parts list RCD.CH. 15-9 
Trouble chart RCD.OH. 15-10 

110160 Top view, operating instruc- 
tions RCD.CH. 15-11 

Description of change cycle 
R00.011. 15-12 

Adjustments RCD.CH. 15-13 
Servicing and repair RCD.CH. 15-14 
Exploded view R00.011. 15-15 
Parta list R00.011. 15-16 

RC160A Notes R00.011. 15-17 

CONCORD RADIO CORP. 
901 WEST JACKSON BOULEVARD 

CHICAGO 7, ILL. 
'MODEL PAGE 
6D3AR0 Operating instructions..ROD.OH. 15-1 

Parts list RCD.OH. 15-3 

FARNSWORTH TELEVISION & RADIO CORP. 
FORT WAYNE, IND. 

P-61 Top view, notes RCD.OH. 15-1 
Top view without turntable, 

motor assemblies RCD.CH. 15-2 
Main cam and associated assem- 

blies, parts list RCD.CH. 15-3 
Friction trip assembly, record 

support post RCD.CH. 15-4 
Bottom view RCD.CH. 15-5 
Tone arm and tone arm lift 

lever ROD.C11. 15-6 
Lubrication RCD.CH. 15-7 
Cycle of operation RCD.CH. 15-8 
Trouble notes R00.011. 15-11 
Parts list 1100.011. 15-12 
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GALVIN 
SEEBURG 

GALVIN MFG. CORP. 
4646 AUGUSTA BOULEVARD 

CHICAGO 51, ILL. 
MODEL PAGE 
B-&iIW ..... Top and bottom views..RCD.OH. 15-1 

Operation theory RCD.CH. 15-2 
Main cam wheel, trigger release 

and start of cycle ROD.CH. 15-4 
Pickup arm movements, record 

drop mechanism RCD.CH. 15-5 
Trigger reset and selector switch 

drawings RCD.CH. 15-6 
Pickup data and assembly 

RCD.CH. 15-7 
Adjustments RCD.CH. 15-6 
Routine checks and adjust- 

ments RCD.CH. 15-9 
Adjustments of pickup arm and 

limit stop RCD.CH. 15-10 
Vertical adjustment of pickup 

arm RCD.CH. 15-11 
Eccentric stub adjustment, serv- 

ice information RCD.OH. 15-12 
Service information ROD.CH. 15-13 
Parts location detail RCD.OH. 15-14 
Parts list RCD.OH. 15-15 
Parts list, concluded ROD.CH. 15-16 

GARRARD CORP. 
401 BROADWAY 

NEW YORK 13, N. Y. 

R060 Top views, operating instruc- 
tions, installation RCD.CH. 15-1 

Maintenance and adjustments 
ROD.CH. 15-2 

Chassis identification, top 
view RCD.CH. 15-4 

Motor assembly identification 
RCD.CH. 15-5 

Chassis identification RCD.OH. 15-6 
Parts list RCD.CH. 15-7 
Parts list, concluded RCD.CH. 15-8 

D.H. L16 Motors Parts identification ....RCD.CH. 15-9 
Parts list RCD.CH. 15-10 

GENERAL INSTRUMENT CORP. 
829 NEWARK AVE. 
ELIZABETH, N. J. 

204 Top view, operating notes 
RCD.CH. 15-1 

Operating notes RCD.CH. 15-2 
Service adjustments RCD.CH. 15-3 
Parta list RCD.CH. 15-4 

205 Top view, operating notes 
RCD.CH. 15-5 

Operating notes RCD.CH. 15-6 
Service adjustments RCD.CH. 15-7 
Parts list RCD.CH. 15-8 

INTERNATIONAL DETROLA CORP. 
BEARD AVE. AT CHATFIELD 

DETROIT 9, MICH. 
550 Top views, general descrip- 

tion Rt)D.OH. 15-1 
Operating instructions, change 

cycle RCD.CH. 15-2 
Change cycle, concluded, precau- 

tionary notes RCD.CH. 15-4 
Adjustments RCD.OH. 15-5 
Trouble symptoms, parts list 

RCD.CH. 15-10 

MAGUIRE INDUSTRIES, INC. 
1437 RAILROAD AVE. 
BRIDGEPORT, CONN. 

ARC -1 .... Top view RCD.CH. 15-1 
Moving parts notes, cycle of 

operation, part 1 RCD.OH. 15-2 
Cycle of operation, part 2, 

loading notes RCD.CH. 15-3 
Troubles and adjustments, 

part 1 RCD.CH. 15-4 
Exploded view drive assembly 

RCD.CH. 15-6 
Exploded view changer 

mechanism RCD.CH. 15.7 
Exploded view tone arm and 

changer mechanism RCD.CH. 15-8 
Parts list ROD.CH. 15-9 

MILWAUKEE STAMPING CO. 
MILWAUKEE 14, WISC. 

10700 Series .. Operating instructions RCD.CH. 15.1 
Cycle of operation RCD.CH. 15-2 
Adjustments and procedures. 

part 1 RCD.CH. 15-3 
Adjustments, part 2, parts 

list RCD.CH. 15-4 
Servicing procedure RCD.CH. 15-5 

OAR MPG. CO. 
1260 CLYBOURN AVE. 

CHICAGO 10, ILL. 
MODEL PAGE 
6666 Top view, operation ....RCD.OH. 15.1 

Bottom view, adjustments 
part 1 RCD.CH. 15-2 

Bottom view, one-half change 
cycle, adjustments, part 2 

RCD.CH. 15-3 
Bottom view, in operation, 

adjustments, part 3, trouble 
shooting RCD.CH. 15-4 

Main gear assembly, trouble 
shooting, part 2 RCD.OH. 15-5 

Tone arm assembly, trouble 
shooting, lubrication 

ROD.CH. 15-6 
Parts list .... RCD.CH. 15-7 

PACKARD BELL CO. 
3443 WILSHIRE BOULEVARD 

LOS ANGELES 5, CALIF. 
58004-B General notes, adjustment and 

trouble notes, part 1 
RCD.CH. 15-1 

Recorder mechanism drawings 
RCD.CH. 15-2 

Trouble notes, part 2....ROD.CH. 15-3 
Recorder adjustment....RCD.0H. 15-4 

RCA MPG. CO. 
CAMDEN, N. J. 

960001-1,960001-2, 
960001-3 Top view, operating notes 

ROD.CH. 15-1 
Functions of main parts, service 

hints RCD.CH. 15-2 
Adjustments RCD.CH. 15-5 
Service hints, part 4, removing 

main assemblies RCD.CH. 15-6 
Removal and replacement notes, 

parts list RCD.CH. 15-7 
Automatic cycle of operation, 

part 1 RCD.CH. 15-8 
Automatic and manual cycles 

of operation RCD.CH. 15-9 
Timing adjustments checks 

RCD.CH. 15-10 
960015 Top view, operating notes 

RCD.OH. 15-11 
Preliminary adjustments 

RCD.CH. 15-12 
Cycle of operation RCD.CH. 15-13 
Service hints RCD.CH. 15-14 
Functional parts, replacing sap- 

phire in pickup RCD.CH. 15-15 
Parts list RCD.OH. 15-16 

960260-1, 960260-2 Functions of principal parta 
RCD.CH. 15-17 

Adjustments RCD.CH. 15-18 
Bottom view, tone arm 

mechanism RCD.OH. 15-19 
Parts illustrations RCD.CH. 15-20 
Trouble shooting RCD.CH. 15-21 
Operation RCD.CH. 15-25 
Cycle of operation, parts list 

ROD.CH. 15-26 

J. P. SEEBURO CORP. 
' 1500 DAYTON ST. 
CHICAGO 22, ILL. 

B3A Changes, notes ...ROD.CH. 15-1 
B Operation notes ROD.CH. 15-2 

Cycle of operation ROD.CH. 15-3 
Drive gears illustrations 

RCD.CH. 15-5 
Cycle of operation, part 3; de- 

tailed description of parts 
RCD.CH. 15-6 

Detailed description of parts, 
part 3; adjustments, part 
1 ROD.CH. 15-8 

Views of drive mechanism, tone 
arm RCD.CH. 15-9 

Adjustments, part 2 RCD.CH. 15-10 
Adjustments, part 4; reproduc- 

tion faults, lubrication 
RCD.CH. 15-12 

Top view parts identifica- 
tion RCD.CH. 15-13 

Bottom view parts identifica- 
tion RCD.CH. 15-14 

Bottom view, drive gear re- 
moved, parts identification 

RCD.CH. 15-15 
Drive gear assembly parts 

identification RCD.CH. 15-16 
Parts list RCD.CH. 15-17 

L Operation notes RCD.CH. 15-18 
Helpful hints, cycle of automatic 

operation, part 1 ....RCD.CH. 15-19 
(Continued) 
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SEEBURG 
ZENITH 

J. P. SEEBURG CORP.-(Cont.) 
MODEL 
L (Cont.) Cycle of automatic operation, 

part 2 RCD.CH. 15-20 
Side and bottom views RCD.OH. 15-21 
Cycle of automatic operation, 

part 3 RCD.CH. 15-22 
Detailed views of drive 

mechanism RCD.OH. 15-23 
Detailed bottom views RCD.0H. 15-24 
Cycle of automatic operation, 

part 4; description of certain 
functions RCD.CH. 15-25 

Cutaway drawings ROD.CH. 16-26 
Descriptions of certain func- 

tions RCD.OH. 15-27 
Cutaway views ROD.OH. 15-28 
Mechanical adjustments, part 

1 RCD.OH. 15-29 
Detailed drawings RCD.CH. 15-30 
Mechanical adjustments, part 

2 RCD.CH. 15-31 
Mechanical adjustments, repro- 

duction faults RCD.CH. 15-32 
Top view parts identifica- 

tion RCD.OH. 15-33 
Bottom view parts identifica- 

tion RCD.CH. 15-34 
Bottom view, drive gear re- 

moved, parts identification 
RCD.CH. 15-35 

Bottom views, drive gear re- 
moved, parts identification 

RCD.CH. 15-36 
Drive gear assembly parts 

identification RCD.CH. 15.37 
Parts list RCD.OH. 15-38 

PAGE 

THORENS, INC. 
295 5TH AVE. 

NEW YORK 16, N. Y. 

CD -40 .... Adjustment of pickup, record 
feeding mechanism, part 1 

RCD.OH. 15-1 
Record changing mechanism 

RCD.CH. 15-2 
Top and bottom views-RCD.CH. 15-3 
Turntable brake, auto switch, 

and pause; selecting mecha- 
nism motor notes RCD.CH. 15-4 

General description RCD.CH. 15-5 
Installation, maintenance, oper- 

ating instructions RCD.CH. 15-6 
Notes, adjustment RCD.CH. 15-7 
Parts identification RCD.CH. 15-8 
Parts identification RCD.0H. 15-9 
Parts list RCD.CH. 15-10 

V -M CORP. 
4TH & PARK STREETS 

BENTON HARBOR, MICH. 

400 Operating notes, top view 
RCD.OH. 15-1 

Top view, parts layout..RCD.0H. 15-2 
Bottom view, parts layout, 

parts list RCD.CH. 15-3 

MODEL 
50 Operation notes RCD.OH. 16.1 

Operation notes, concluded; serv- 
ice information RCD.CH. 15-2 

Service repairs RCD.OH. 15-3 
Service repairs, concluded; 

lubrication RCD.OH. 15-4 
Repair illustrations, top view 

RCD.CH. 15-5 
Lubrication notes, concluded, 

mechanical repairs RCD.CH. 15-6 
Mechanical repairs concluded, 

side views ROD.CH. 15-7 
Sub -plate assembly, adjusting 

points RCD.CH. 15-8 
Parts list RCD.CH. 15-9 

56 Operation notes, top view 
RCD.CH. 15-10 

Operation notes concluded, serv- 
ice information and repairs 

ROD.CH. 15-11 
Service repairs, part 2..RCD.CH. 15-12 
Service repairs, concluded, 

lubrication, mechanical re- 
pairs RCD.CH. 15-14 

Mechanical repairs concluded, 
repair illustrations RCD.CH. 15-15 

Parts locations top and left side 
views RCD.OH. 15-16 

Parts locations right side and 
sub -plate assembly, adjusting 
points RCD.CH. 15-17 

Parts list RCD.CH. 15-18 

WEBSTER CHICAGO CORP. 
5610 BLOOMINGDALE AVE. 

CHICAGO 39, ILL. 
PAGE 

ZENITH RADIO CORP. 
6001 DICKENS AVE. 
CHICAGO 39, ILL. 

S-11468 Top view, notes RCD.CH. 16-1 
Description of cycling, bottom 

view RCD.CH. 15-2 
Lubrication, adjustments, part 

1 RCD.CH. 15-3 
Adjustments, part 2 RCD.CH. 15-4 
Mechanical repairs, trouble 

shooting, part 1 RCD.CH. 15-5 
Trouble shooting, part 2, sche- 

matic diagram RCD.CH. 15-6 
Exploded view of changer 

RCD.CH. 15-7 
Parts list RCD.CH. 15-8 

S-11680 Top view, notes RCD.CH. 15-9 
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