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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 mannér 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, EE. (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.

JouN F. RIDER
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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-
ke. 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 ke and at this setting there
should be no response in the signal tracer.
With the signal tracer set at twice 456 kc or
912 ke, 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 ke,
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 ke, the frequency is decreased
slowly and when 456 ke is reached, a signal is
heard in the speaker. The signal generator is
set at twice 456 kc or 912 ke and at this setting
no signal is heard. With the signal generator
set at one-half 456 kc or 228 ke, 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 kec.

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 ke. 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 ke then the i-f peak is
410 + 500

2

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

or 455-ke.

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 k¢ 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 readings on
the signal tracer to secure the frequency of
the r-f circuits.

Signal Tracer
Sensitivity Level

Signal Tracer
Frequency (kc.)

1050 21/,
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 ke, so that
this is the frequency to which the signal cir-
cuits are tuned. Since the oscillator frequency
was found to be 1375 ke (above), the difference
frequency between the oscillator and signal
frequencies equals 460 ke 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 ke (which we cannot ascertain),
ordinarily it would not make the slightest dif-
ference if we align the i.f. at 460 k¢, 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 ke to 1500 ke, 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 ke, align the oscillator
shunt trimmer at 1500 ke and the r-f trimmers
at 1400 ko; for those receivers having a band
range to 1700 ke, align the oscillator shunt
trimmer at 1700 kc and the r-f trimmers at
1600 kec; for those receivers having a band
range to 1800 k¢, align the oscillator shunt
trimmer at 1800 kc and the r-f trimmers at
1700 ke. 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 ke, may be
aligned at 580 kc instead of 600 ke.

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 2 signal-generator harmonic if the generator
18 1 :duced from the highest possible frequency.
It .3 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 ke, then the signal tracer
should be tuned about 18.455 mc and 17.545
me. Using these frequencies as examples, if
the signal tracer shows a peak at 18.455 me
and none at 17.545 mec, 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

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
1s 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.

SIGNAL
QENERATOR

Fic. 1.—Signal-gener-
ator connections for de-

termining range of =
wave trap. y.4

T~ VTVM

o Tel

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 appioximate 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 minimwum 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
1-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 c¢ps 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

VOLTAGE

-5KC L.F. +5KC

Fic. 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-

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.

VOLTAGE

I.F.

Fic. 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 1is 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 @ lowered by
the loading effect of the resistor which de-
creases the selectivity of the circuit and widens
its frequency response 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
1s 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.

VOLTAGE

-5KC I.F.  +5KC

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

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-

VOLTAGE

-15KC ILF + 15KC

Fic. 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



ALIGNING WITHOUT MANUFACTURER’'S DATA 9

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, s
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 ke above the i-f peak, and
one for maximum output at about 3 ke 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-
ke—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-frequency 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

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 thé 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
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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 STANDARD

SIGNAL oUMMY RADIO
GENERATOR ANTENNA RECEIVER
20 MH
ANT ENNA
200
z M MF 4001
400 MMF
GROUND
Al

Fic. 6.—L.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 puMmMy RADIO
GENERATOR ANTENNA RECEIVER
—OANTENNA
250 400N
MMF
GROUND
=

Fic. 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 ke 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.

Fic. 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

Fic. 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
GENGRATOR

METAL
R-F SHIELD

INSULATED
TERMINAL

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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Fic. 10.—Hazeltine Mode! 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 34-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 l4-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,
ete. 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 mec.

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.



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-mec 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
ke. As a result of the operation of the mixer

tube, the difference frequency of 1000 ke 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 ke. 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 ke.
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 ke 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

I
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Fic. 1.—A typical double-superheterodyne receiver
intermediate frequencies of 1000 ke and 460 ke.
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in which the two oscillators supply currents that produce
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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 ke. It is possible to view this
system as being an r-f amplifier fixed tuned
to 1000 ke and an oscillator fixed tuned to 1460
ke. Alignment would then be carried out at
1000 ke in the broadcast mixer, and alignment
of the low-frequency oscillator would take place
at 1460 ke. In turn, alignment of the low-fre-
quency intermediate amplifier would take place
at 460 ke. 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 ke. 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

Fic. 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
ke. The reason for the trap is to eliminate
interference which may arise because the 1000-
ke 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 me. If the intermediate frequency
for this receiver were very low, such as the
fairly common value of 455 ke, 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 kec.. By this
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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 mec to
54 me, and the first oscillator is tunable from
55 me to 59 me, thus creating a constant dif-
ference frequency of 5 me. This 5-mec 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 mec and creates
a second intermediate-frequency signal of 455
ke. This 455-ke 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 ke, it follows
that besides a signal of 5 mec 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-mec 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 mc or 5.91 mec, may pass through the
entire receiver unless the high (first) or low
(second) i-f amplifiers are selective enough to
eliminate them.

Assume that the receiver is tuned to a signal
of 53 me and that the first oscillator therefore
is tuned to 58 mec. This will cause the desired
signal to be converted to 5 me and be passed
on through the rest of the set. If a second signal
is received at 63 mec 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 mc; these are —5.91 mc or 52.09 me
and +-5.91 mc or 63.91 mc. As has been shown,
the first and second oscillators finally will con-
vert these four signals to 455 ke so that the
three image signals (52.09 me, 63 mc, and 63.91
me) will interfere with the one desired signal
at 563 me. 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 mc and 63 mc 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 me,
63.0 me, 73 me, or 73.91 mec 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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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, ete. 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 harmonice,
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 me, the first oscillator is operating at
57.505 mc and the second harmonic of the first
oscillator is 115.010 me. This will beat with the
21st harmonic of the second oscillator (114.555
mec) to cause a 455-ke 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 ke. Then the second oscillator would
operate at 2055 kc and its second harmonic,
4110 ke, would appear as a ghost signal when
the receiver is tuned to 4110 ke. When the re-
ceiver is tuned to 5020 ke, the first oscillator
is operating at 6620 kc and will beat the fourth
harmonic of the second oscillator (8220 kc)
to form a 1600-ke 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 by 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 mic,
for the sound signals of a television broadcast,
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Fic. 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 mec to 50 me. Fig. 5 is a block
diagram of the operation of this receiver. From
the antenna, the input signal goes to the mixer
grid, the mixer circuit being tunable from 42
mc to 50 mc. The oscillator is variable from

18.85 mc to 22.85 mc 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 me thus
producing an i.f. of 28.15 mec, and when the
mixer is tuned to 50 me, the oscillator is tuned
to 22.85 me thus producing an i.f. of 27.15 me.

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 me, beats in the sec-
ond mixer with the original oscillator frequency
(whose value is between 18.85 mc 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

SIGNAL
FREQUENCY

OSCILLATOR
FRECUENCY

osc.

/8.85 ~Z22.85mC

Fic. 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 te 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 ke. 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 ke. 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 ke.
The intermediate-frequency amplifier is tuned
to 450 ke, while the rest of the receiver fol-

lows standard design.
} ﬁ% S ssoxe

TUNED TO
e SIGNAL MINUS
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Fic. 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

1.5 MC 22.5 mC
56-60MC| 15T T 2n0 P ey

1 1 REGEN.[—
RTER| WF. INVER; WF.
ICONVERTER| I.F. KCONVERTER 1.r. VeTecTor

Fic. 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 mc so that a super-regenerative

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 86 CR and 86CS
receivers have been designed ingeniously so

MAMGE SWITCH SHOW(: IN BROAGCAST POSITION
SHORT wAVE, FREQUENCY MODULATION AND PHONO
POSITIONS SUCCESSIVELY CLOCKWISE.
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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 mec to 108 mc 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

5825 ke 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 ke is more than compensated for by
the use of the comparatively low second inter-
mediate frequency of 167.5 ke. 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 ke, is incorporated in the a-m
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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 tuhe
functions as the fixed second oscillator, pro-

ducing an oscillator frequency of 5992.5 kec.
This latter frequency beating with the first i.f.
of 5825 ke produces the second i.f. of 167.5 ke
at the output of the second mixer.



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
6B10 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-ave 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-triode 6SNT7GT 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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used with a recording amplifier when the set is switched to the “Record Radio” position.

23



24 RIDER’S VOLUME XV “HOW IT WORKS”

“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 ave 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
1s 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, R? in conjunction with C17 and
C18. From here the signal goes through an
audio filtering network of R9 and C6 and
emerges as the ave (d-¢) signal which goes to

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
1s 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 T1. 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 6US5.
This set is so designed that when a station is
tuned in properly and the volume ccntrol 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 ave 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 avce is disconnected from the grid
of the indicator tube and a new connection is
made to the grid through points £ 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 18 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 R3S8.
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 ave 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,
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it will be found that the circuit accompanying
the recording amplifier T2 (one-half of the
6SNTGT 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
ave 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 ameunt 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-

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 mec. 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
i1s 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. 8) 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. 8 and in this manner a bias is applied to
the grid of the No. 8 tube. It then follows that
if a large audio signal is applied to the No. 1
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. 8 tube, thus reducing the ampli-
fication of the tube and in turn the output is
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Fic. 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. 8 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 ave
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
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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 RI-2
and C8-1, to become the regular ave 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
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(6SF7) through pin M1 of the top of the push-
button switech and also through capacitor
C14-1. 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 T1.

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 4 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 e, 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 6 H6 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
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Fic. 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 e, 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 6H6 com-
pressor tube. The larger e, 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 e, 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

Fic. 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
T1. The controlled audio signal is then im-
pressed across the secondary of T1 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 device 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 8.2 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, 1I, 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 Neos. 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
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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 6SF'7 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-

OPEN AT
PrB.SwW.

RADIO PHONO PUBLIC | MIXED RADIG
ADDRESS | PROGRAM RECORD

Mic
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BROADCAST BAND

(MIC. RECORD)

Fic. 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. 2I 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 R2-3, CATHODE
RESISTOR OF ISTI.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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Fic. 8. —With the “Mixed Program” push button depressed in the Packard Bell Model 1052, the radio broad-

cast receiver and the microphone circuits are functioning.
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F'FXG' 9.—Schematic diagram of the mixer circuit of
ig. 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 k9, 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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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-

Fic. 10B, below.—A por-
tion of the ‘“microphone re-
foce cording” circuit of Spiegel

E) “coil 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 the purpose
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.



BIASING METHODS

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

Fic. 1.—Fixed bias
using a battery.

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-¢ 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

inga!

INPUT

DISCHARGE +
CURRENT

Fic. 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
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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

PLATE CUR%ENT7

=

Fic. 3.—Bias attained
by the use of a cathode
resistor.

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, Ry, through this resistor and
back again to the cathode. The current flowing
through the cathode resistor R, 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.
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Garod Model 6DPSS8

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

Fic. 4A.—Biasing of
the i-f amplifier in the
broadcast band of the
Garod Model 6DPSS8.

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 = %, which in this case is SED vl or 7.4

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

Fic. 4B.—Biasing of
the i-f amplifier in the
short-wave band of the
Garod Model 6DPSS8.

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, anpther 470-ohm
resistor is put in parallel with the cathode net-
work by closing switch 8E. 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

CONVERTER 12

TOTAL 470K
0SC.

VOLTAGE
N\—=-9,5 TO-12 VOLTS

R (<
gt -3.870-4.9vOOS ]
3Q4 GRID BIAS -O1MF
T

Fic. 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 3Qi
tube will be that portion of the oscillator volt-
age which is developed across the 68,000-chm

68
resistor. This bias is —1& of the total oscillator

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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Fic. 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.

4.5 volts

390 ohms

E L.
I = —, which is
R

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 B4 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 .
—— equalling 57.6 ma.
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-
gistance 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.

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. TA 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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Fic. 7.—Remler Model MP5-5-3 having varying avc for increasing gain of the receiver.

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 ave 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 ave 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 ave filter to the grids
of the 6SA7 and 6SK7 tubes and thus provides
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Fic. 8A.—RCA Model 56X5 using residual bias on
ave control tubes.

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. 8 A shows such a system as used in
the RCA Model 56X-5.

RS
+SMEG 10 CONTROL
DS OF
Re ! 12SGT,12SAT
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-%,2 To-2 voLTS

Fic. 8B.—Equivalent R4
circuit of residual bias  22%
arrangement used in
RCA Model 56X5.

Here the avc 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 avc
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 k5, 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 avec-con-
trolled tubes when no avc bias is available.



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 repelied
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
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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,

Fic. 1.—Schematic
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which there are capaci-
tive effects.

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 C.; the
signal-grid-to-oscillator-grid interelectrode ca-
pacitance due to space-charge coupling C,.;
and the effective capacitive appearance of the
signal circuit to the oscillator frequency C., 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 C. of the signal circuit for the
oscillator frequency in series with the inter-
electrode capacitance due to space-charge
coupling C,., shunt the oscillator tank circuit
and the interelectrode capacitance between
cathode and oscillator grid C.. 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 Cux),

Fic, 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.

CONVERTER

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-
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=F=Csc ! Fic. 3.—The loading
| -io effect of the three ca-
-iog 0scC. CoxT pacitances of Fig. 2 on
Tose TANK ' the tank circuit.
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quencies changes and the value of the effective
capacitance across the signal circuit (due to
impressed oscillator voltage) varies. Changes in
the effective capacitance, C., 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

05C.-CONY.
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Fic. 4.—The capacitor
C35 serves to couple
back the neutralizing T
voltage from the oscil- o =
lator circuit to the sig- i
nal circuit. 7
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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



42 RIDER’S VOLUME XV “HOW IT WORKS”

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

1STDET
6547

TO R-F
TANK
CIRCUIT

bl Fic. 5.—The neutral-

izing signal is fed from

the oscillator plate

through €32 and a gim-

mick, thus canceling

the oscillator voltage

appearing across the

mixer input circuit due

| to space-charge coup-
ling.

T6 OSCILLATOR
TANK CIRCUITT

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 93W G-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 os¢illator 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-

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 ke on the broadcast band, then the oscil-
lator frequency is 1460 ke, 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 ke, then the oscil-
lator frequency is 6460 kc and the ratio of r-f
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Fic. 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.



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 (C,) and the plate to cathode,
(C,i) 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

,—@ ;-é c2 w2
L!E Hes

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
L1 and L2 will act as an open circuit whereas
the capacitive reactance, varying inversely with
frequency, becomes very small, thereby having
C1 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

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

*For an explanation of a tank circuit see the section
on oscillators.
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interelectrode capacitance C, in parallel with
the inductance of the lead, from the grid
through the short-circuited capacitor C1 and
the plate-cathode interelectrode capacitance
C,x in parallel with the inductance of the lead
from the plate through the short-circuited ca-
pacitor C2. This parasitic circuit is of the
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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

8]
E

desired might occur. LI is the tuning in-
ductance, C1 and C2 are the tuning capac-
itances, L2 and L3 are r-f chokes. At low fre-
quencies, the inductive reactance of L1 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,

Fic. 3.—Typical cir-
cuit leading to low-fre-
quency parasitic oscil-
lations.
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parasitic circuit of Fig.

which is a tuned-grid, tuned-plate circuit
where L2 in parallel with C1 plus C2 plus the
grid-cathode interelectrode capacitance forms
the grid circuit and L3 in parallel with the
plate-cathode interelectrode capacitance (G
forms the plate tuned circuit.



44 RIDER’'S VOLUME XV “HOW IT WORKS”

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
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Fi1c. 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
125A7 tube is employed. The electrical char-
acteristics of this tube are the same as that
of the 6SAT 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-
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Fi1e. 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-ke 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

6K66T

ié Fic. 8.—Zenith Model
9HO79 power amplifier.

being used as a single, power amplifier in the
Zenith Model 9HQT79. Parasitic oscillations,
that might occur in this circuit without the ufe
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.

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

Fic. 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-

33n

R16

Fic. 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-de 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.

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.

a9



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 ke and 1000 ke or 450 kec. The i-f
amplifier is tuned to the 450-kc signal.

A 450-ke signal would likewise result if the
oscillator operated at 550 ke instead of 1450 ke,
since the difference between 1000 kc and 550 ke
is also 450 kec. 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 interferenceé. 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 ke to produce
the desired 450-kc i-f signal. But if a strong
10,900-kec 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-
ke signal but also with the 10,900-kc signal
and change the frequency of each to 450 ke,
because the difference between 10,900 k¢ and
10,450 kc is the same as that between 10,000 ke
and 10,450 kec. 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
ke, the i-f signal is 450 ke, and the image fre-
quency becomes 19,100 ke.

Image-frequency response is particularly
troublesome at very high frequencies, since the
percentage frequency difference between the
image frequency and the desired frequency is
smal), if the i.f. is of the order of 450 kec. 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

1000 KC 1000 KC 450 KC

RF

MIXER

1450 KC

0scC.

Fic. 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 ke
is not used in all-wave receivers. If it were,
then the image frequency would differ by only
350 ke from the frequency to which the re-
ceiver is tuned, whereas if the i.f. is 450 kc,
the image frequency is 900 k¢ 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 mc 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

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

The frequency of oscillations generated in
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.

A SMALL A-C
e
CIRCULATING
L OSCILLATORY U ) START THE 1C
C| | CURRENT

CIRCINT
OSCILLATING

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

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

1
2z LC
where f — the frequency of oscillations
L = the inductance
C — the capacitance
7 == a numerical quantity equal to 3.14
If L is expressed in henrys and
C is expressed in farads then
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 1
" 2.vLC 2 X 3.14 250 X .00016
1
 6.281/.04
1 1
[ =62 x 2 — 1256

= .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.

9 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; all
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

ol

-—— I —————
|'|||I|I|I|I +

Fic. 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 L: and
then back to the cathode circuit to complete its
path. Coil L: is situated near coil Lz in such
a manner that there exists a mutual inductance
between the two coils. All that coil L: 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 L: will induce, by
means of regular transformer action, a voltage
into coil L.. This small amount of induced
voltage immediately excites the L:-C network
into oscillations at its natural frequency. These
oscillations are then transferred to the grid
of the circuit through C, 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 L: 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 L: and
the capacitance of C. The capacitor C: 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 L:-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

B
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L

Fio. 4.—Ilustrating a typical Hartley oscillator
circuit.

B —

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 L, 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 C: 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 L: sets
up a magnetic field whose lines of flux envelope
the coil L1 and, therefore, a voltage is induced
in this latter coil. This small amount of a-c
signal induced in the coil L1 starts oscillations
of the inductance-capacitance network which
consists primarily of the capacitance C and the
total inductance of Li plus L:. The reason why
both L1 and Lz 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 C,.
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 L
(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 R. 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 R, 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 Le
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 L) 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 C1 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 C. 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 C: is so chosen that the
energy fed back from the plate through the
capacitor C1 is of such a value that there is built
up enough of an oscillator voltage to be in-

) —

R-F
Cp = & CHOKE
+
s } =
— — =
i &
[ — Ll -—

Fic. 5.—A typical Colpitts oscillator circuit.

jected 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 C: serves the purpose of coupling the
a-c signal from the plate to the feedback ca-
pacitor C,. The resistor R. 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 6SAT-GT converter tube. It will be
seen that there are three variable components
comprising the oscillator circuit, these being
C10, L3, and Lj4. 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.

65AT7-GT
OSC-MOD,.

A el Iy
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Frc. -6.—Hartley oscillator circuit of the Galvin
Motorola Model 405.

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

is determined similarly to resistances in
parallel, therefore:

L3 X L4

L total — —
L3 + Li

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

150 X 300

T 150 + 300

45000
= ——— = 100 microhenrys
450

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 6SAT-GT tube to the oscillator padder coil
L4 imstead 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 L& 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 80 mmf, then with
C11 equal to 400 mmf, we have:
C totar = 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

27!‘ \/LT Cp
where L, equals the total inductance and C;

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

L3 X L
2n (—X—/')(Cm + C11)
L3 + L4

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
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Fic. 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-ke 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

56

(variable) and in shunt with a
ductive padder. First, conside
iron slug into the core of coil

ance will increase. If the induct

1

———— , the resonant fre-
2V LC

then from f=

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

A

Fic. 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 C1 and C: 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 2 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 tuning 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
6SAT 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 thé 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 L: then to ground. Since
the cathode is also at ground potential, then
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Fic. 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 L: that starts the inductive-capac-
itive tank circuit into oscillation. The grid
receives a voltage of oscillator frequency
through capacitor Cs and this oscillator voltage
is amplified by the oscillator section of the tube.
Some of this amplified signal is fed back to the
coil L1 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 Le
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 L: 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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Fie. 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
Lz. 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, L1 and Lo,
in parallel are used to obtain the necessary
inductance for the tuned circuit. The induct-
ance L1 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
Ls are wound on a single coil-form and they
are transformer coupled to each other. In other
words, L2 and Ls 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 L» and it is used as a
padder for tracking at the 600-kec 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-
eillations for any particular fixed settings of
C21, L1 and L: is:

f

1

20 / L, Ls_ C,?l—_
V@)

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 ecapacitance
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
226 (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
1A7TGT /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 smull (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 mec¢ compared to a difference
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Fic. 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 mc between 540 ke to 1600 kc of the
broadcast band). From the equation for the
inductive reactance X,, it is found that:
X, = 2 fL in ohms
where f is the frequency in cycles or megacycles
L is the inductance in henrys or
microhenrys and
7 is @ 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:
X, =2 X 814 X 5.8 X 10
X, = 364 ohms
And at the 15-mc high-frequency end of the
band the inductive reactance of the tickler coil
would be:

X[‘ — 277‘ fL
X, =2 X 3814 x 15 x 10
X, = 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
.0083-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-¢ volt-
age fed back also remains more constant due

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
128 A7 converter tube, is employed in the Inter-
national Detrola Models 420 series, shown in
Fig. 12. The primary difference between this
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Fic. 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 (10 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 C1, and C1. are part of a dual section in
which one plate is common to both capacitors.
Capacitor C1, is a trimmer for aligning the
oscillator section of the receiver, while capac-
itor C1., 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 L35, 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 C1, and C10. Therefore, the oscillator fre-
quency determined by the resonant frequency
formula is:

1

I'= —

/ C1, X C10y
2n o e

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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Fic. 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 12S5A7
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 L? 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.
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Fic. 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
characteristies 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 128SG7 tube through C3§-
R1 combination from the cathode circuit of the
12J5GT oscillator tube. The incoming r-f signal
mixes with the oscillator signal in the 12SGT7
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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Fic. 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 6SGT7 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 ¢F) in parallel with
the complete inductance of the coil (171).
The oscillator voltage 1is 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 6SGT7 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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Fic. 16.—Broadcast-band oscillator circuit of Stromberg
Carlkson Models 1020, 1120 showing compensator net-
work.

in conjunction with the inductance comprise
the components that determine the frequency
of oscillations. The 39-ohm resistcr 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 8mmf capacitor of the RCI 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 6SAT
filament as well as the filaments ot all the 6.3-
volt tubes. This resistor and 8-mmt 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-mmif 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 me, 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 dis-
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 broadecast 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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Fic. 17.—Short-wave band of the RCA Mode] 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

into this tank due to the autotransforme:
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 = ————= Since the
2=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 LY. 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.
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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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Fic. 18A.—The Hartley oscillator circuit used in the
blgoacigas% band of the Stewart Warner Models 9001C,

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 6SAT7 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 18 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

6SA7
1ST.DET.-0OSC.

>
‘fm
,,[_ 7_

. 39MME| 29

Fic. 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 tuhing. 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 14, 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-

6SA7
1ST.DET-0SC,

[270 MME.

4
=——=1000 MMF.

T

Fic. 18C.—The Colpitts oscillator circuit used in the
push-button tuning (1lst position) circuit of the Stew-
art Warner Models 9001C, -D, -E, -F.

mmf capacitor 1. This latter capacitor 14 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

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 509, 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-
tifled voltage across the oscillator grid leak
is 50,000 X 0.0002 or 10 volts.



SUPERHETERODYNE OSCILLATORS 65

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 ke. 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 receivér, 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 ke,
the test-oscillator signal frequency should be
set at 1050 ke.

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, esvecially 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 avce 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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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 @ 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 6A1l

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
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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.

/

! /
! +~

e GANGED— - —— &~/

Fic. 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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Fic. 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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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 T11
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
Té6, and T18 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 T11. 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 8HO032

This receiver covers the standard broadcast
band, the old (42 me-50 me) f-m band, and
the new (88 mc-108 mec) 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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Fic. 4—A combination of ganged variable capacitors and inductors are the tuning elements in the Zenith Model

8HO32 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 F, provided the
tuning assembly is not already in the position
corresponding to the depressed pushbutton.
The path of the current actuating the solenoid

is this: from the ungrounded terminal of the
automobile battery, through terminals & 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 switech 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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Fic. 5.—Inductive tuning is used in the Motorola solenoid-operated tuner Model ST-54 tha
several Galvin automobile receivers. Five pushbuttons provide means for selecting as many
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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, 4 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

fits tightly against the carriage plate on the
side away from the solenoid plunger, Q. 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, 4, 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.



CONTROL CIRCUITS

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. Avc 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 ave 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-

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

/—SCREWDRIVER
ADJUSTMENT

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

AVC
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I'F TRANSF.

COMMON
BUS

Fic. 2.—Semi-fixed bias on ave-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 avc 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

- T o= =T 1

SECONDARY | | 125Q7
OF SECOND - 1»
tF TRANSF.) |
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AVC = — = %
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Fic. 3.—Ave and detector circuit used in the Pilot
Model T-500.

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

ON-~QFF
SWITCH

Fic. 4.—Combined manually operated volume and
tone controls in the Buick Model 980745.

“—VOLUME CONTROL

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



CONTROL CIRCUITS 75

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
DETECTOR * 505!
3
o001 : Fic. 5.—Schematic
diagram of the volume-
75000 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 3. 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
diagram of the tone-

TO OUTPUT
15 12 STAGE
0.2 0.025
control section of the
46

Buick Model 980745. 65R7

Fic. 6.—Schematic

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. TA. 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 84, 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-
¢ies. 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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Fic. 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. TE. 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-

ever, at middle and high frequencies Fig. 7F is
incomplete, for the shunting effect of capacitor
84 shown in Fig. TE, 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 84 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 controlied
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 84, in-
stead of being shorted, is shunted by a high re-
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Fic. 8—In Fig. 8(A) are shown the tone-control and volume-control circuits of the Crosley Model 66CA; the

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 uscd 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 AUDIO
INPUT ouTPUT

17 2 3
TONE (——

Fic. 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; RI0
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-

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

AUDIO
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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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Fic. 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 C$5 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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Fic. 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.

be varied. If R19 is at its maximum value, the
bypassing effect of C23 is negligible, and treble
boost will be obtained by the action of C32 in
the cathode circuit, as explained above. At the
other extreme (RI19 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 6SNT7 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-

GAIN CONTROL
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Fic. 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 conres 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 R28 in the maximum bass position. With
R23 in the maximum treble position, the bass
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Fic. 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 s0 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 ave. The avc operates
when high levels are maintained over a rela-
tively long period, but the time constants of its
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Fic. 15.—The automatic volume-expansion circuit of
the Packard Bell Mode]l 1052.

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 contrcl grid of the expansion am-
plifier. Resistors R16-2, R16-4, and capacitor
(8-6 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-¢ 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 audic
ave nor the limiting diode operate. The ave ac-
tion, then, is this: The a-f signal, amplified by
V6, is fed through ('8-4 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 ihe 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 V3; 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 ave operates. The voltage de-
lay is produced by a fixed bias applied to the
cathode (pin 4 of V9) of the avce 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 voltaye
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:
mizer output i-f current

mizer 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 Ge.

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 is 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,

)

Fi6. 16.—Curve show-
ing how the conversion
transconductance varies
with the grid bias of
the mixer tube.

CONVERSION TRANSCONDUCTANCE (G¢
MICROMHOS
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GRID N2 1
and will shift the point of operation of the
mixer to one or another side of its G. 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 G¢, anything which will vary the tube bias
will at the same time vary the tube G.. The

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 TES,
which consists of two diodes and a medium-mu
triode in a single envelope. One diode section of
the TE6 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 TE6 feeds the oscil-
lator voltage from its cathode into the cathode
of the mixer tube. The diodes in the TE6 are
well shielded from the triode section so that
there is freedom from interelectrode interaction
between the respective circuits.

The mixer (translator) is a TH7 tube whose
characteristics are similar to the 6SG7 tube.
The TH7 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 TE6 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



CONTROL CIRCUITS 83

|
L3 L& c1

/ 0scC.
BIAS CONTROL

TRANSL.
THT

|
S —= —— -~ GANGED- - —-—=1

BAND -SWITCH SHOWN
AT 157 POSITION.

BROADCAST BAND
540 - 1700KC.

Ti. 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 TE6 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 ave 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 com-

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
ave which is fed to the mixer and i-f amplifier
from the 6SQ7GT tube.



"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 «
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,
s 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. 1A 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-ke resonant
tank circuit of which C2 is the variable ca-
pacitor and the tank circuit is excited by a
1000-ke signal. Due to this excitation, a cir-
culating alternating current exists within the
tank circuit and energy is available from this

1000-KC
SIGNAL
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GIMMICK

1000-KC Pt %
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Fi. 1.—Illustrating how a gimmick functions as a
capacity in a circuit.
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tank. Placed very close to the inductance of
the tank is the open end of L1, 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 L1 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:

KA .
C 225 —E— in mmf

where
K equals the di€lectric 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:
1 X3

C 225 225 X 30 = 6.75 mmf

1ATGT
157 DET-OSC.
CAP,

R2 < 220K :
GlMMICK/§L2
L3
b ' L4
S Aenr
/ B+
GANGED/ =

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 LI and L2 of Fig. 1 as described. The
actual calculation of the capacity between L1
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
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Fic. 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-
pacitance 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-
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Fic. 3.—Oscillator circuit of the Emerson Model 506
using gimmicks to couple the oscillator voltage to the
grid of the tube.

cillator tank voltage to the oscillator grid. The
circuit is shown in Fig. 3. It will be noticed
that one end of coils L1 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 L}
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 L1, 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 L1 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 12SAT7 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
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Fic. 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
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Fic. 5. 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 1s 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.

Fic. 6A.— Oscillator
coil form and windings
in Espey Model XFJ-97.
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Fic. 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
analvzed. Coils L1 and L. represent the neces-
sary transformer inductances incorporated
with the usual tickler-coil oscillator. The bi-
filar winding together with L1 and L2 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 schemuatic 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-
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Fic. 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 C24) 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 cjrcuit 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 ke,
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.
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Fic. 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 56 FA 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. 87 is the broadcast antenna
coll 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 L, 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 L. 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 86 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
L, 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-

36

PRIMARY
SHORT -WAVE
ANT. TRANS.

GIMMICK
N ——
W b —~ TO CONTROL
37 | I 1 GRID OF INSGT
T L) SE 0T A RF AMPL.
ANT. coin | I I

ASSEMBLY L
213 == S22
4.TMEG ].__os 10 MEG
L= =M yawc

Fic. 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 IN5SGT 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, L,, and secondary L, 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
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Fic. 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

JTRIMMER COMPOSED
/OF TWISTED PAIR

a Fic. 11A.—Loop gim-
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Fic. 11B.—Schematic
representation of the
loop gimmick.

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 C1. This C1 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 ave 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 8 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 C382, 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.



“GIMMICKS” 91

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
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Fic. 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. 138, 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 L,, 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 L,
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 L,.
By this gimmick arrangement a capacitance is
inserted effectively between the high sides of
L, and L,. 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 L, and L. offers
a greater amount of opposition to the high
frequencies and therefore, the low-impedance
path of the capacitance, due to the gimmick,
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Fic. 13.—Gimmick used in the Galvin Model 65L11
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 L1 and L2
are the two gimmicks comprising the wave trap
of this set. One end of coil LI 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 ave 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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Fic. 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
L1-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,

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.



FILTERING ACTION

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 com-

L C R
T — Fic. 1.—Equivalent
circuit of a quartz erys-
c1 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 (CI1, 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 @, (the @
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.,

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

The crystal, Y1, is cut to an i.f. of 465 kc and
acts as a very high @ 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 ke and a high impedance to
other frequencies. The erystal 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-ke signal (resonant frequency) at the
input will see a low-impedance path through
Y1 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 Y1, therefore, a greater
voltage across Y1 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 fre-
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F1c. 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 @ and the impedance of the
parallel-resonant load.
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Fic. 3.—Equivalent voltage-divider network of the
crystal circuit and load of Fig. 2.

The impedance (Z;y) of this load, as shown in
Fig. 4, is in series with the crystal, and the @
of this crystal circuit is the ratio of the induec-
tive reactance to the total resistance (R4Z5)

that is, - In this particular circuit X,

2o
and R have remained constant at the resonant
frequency, but Z, has decreased; therefore the
ratio, which is the @ of the crystal circuit, has
increased, which in turn, makes the circuit more

WF_W__W__]_
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Fic. 4.—The impedance of the parallel-resonant load
is in series with the crystal of Fig. 2.

selective. This fact will be shown mere rigor-
ously in the following mathematical analysis:
Let Q; be the Q of the total series-resonant cir-
cuit of Fig. 4
X, the inductive reactance of the crystal
X.» the inductive reactance of the parallel-
resonant circuit
R the resistance of the crystal

R, the resistance in the parallel-resonant
circuit

and Z, the impedance of the parallel-resonant
circuit, which is the equivalent series re-
sistance added to the crystal.
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crease, but at the resonant frequency, R, X,»
and X, remain constant, therefore Q; is the
only variable and the two possibilities are that
Q. either decreases or increases. If Qr de-
creases, then the numerator Q.X,r* decreases
and the denominator (X,—QrR) must increase,
thus making the fraction, which is equal to K,
decrease; but we know that R, must increase,
therefore Q; cannot decrease. If Q: 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 8 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
ke, 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-ke 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 ke
apart. Now if the set is tuned between two ad-
jacent stations of about equal strength, let us
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Fic. 5—The Magnavox Model CR-187, which uses a
parallel-resonant circuit consisting of coil 3 and the
variable capacitor 7, as a 10-ke filter.

say these stations are at 600 ke and 610 ke, then
the set would be tuned to 605 kc. Since the os-
cillator tracks above the signal frequency by
455 ke, (the i.f.) to which the set is tuned, that
would make the oscillator frequency 1060 ke
(6054455). The incoming signals beating with
the oscillator would produce signals at 460 ke
(1060—600) and 450 ke (1060—610). These
signals are close enough to the intermediate
frequency of 455 ke 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 T is tuned to
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Fic. 6.—The Emerson Model 506, which uses a tuned-
circuit filter consisting of T'I, which is tuned to the i.f.
by means of capacitor CI5.

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-de set, such as in the
Olympic Model 6-501 W-V, is a common return
for many of the receiver components such as

Fic. 7.—A series-res-
onant circuit which is D=
used to provide a low-
impedance path from
B- to ground for un-
wanted signals. =5
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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 ave bus. Fig. 8 shows how the grids
of the r-f amplifier, the converter, and the i-f
amplifier are returned to the ave bus in the
Espey Model 581.

The ave 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 avce
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 V1, V2, and
V8 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.

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 RS, C19,
will also act in a similar manner.

Coupling due to the common impedance of
the B4-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 128Q7, 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 5016
output tube through the B-- supply to the plate
of the 125Q7 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

V2
CONVERTER
1LCé

Fic. 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

125Q7
éNlDNQEIECTOR OIMF 1o
uDIO
| GRID
> OF

VOLUME CONTROL
CONTROL "’TJ v
500K N B- B+

Fic. 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 128Q7, 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 12SQT7 obtains its input
through the .006-mf coupling capacitor across
the 3800-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 junc-
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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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 stage 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-
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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 elen.ents 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

R L C

Fic. 1.—A typical

series-resonant circuit { I )
wherein the I has only
a single path to follow. @

\_JE

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 [ 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 38, 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-



RADIO-FREQUENCY COUPLING 99

cuit of Fig. 1. Let us suppose that the fre-
quency of the applied voltage 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

Fic. 2.—The straight

+ graph shows that when
the frequency of the

w current flowing through
;5 an inductance increases,
§S ° the inductive reactance
3< oo increases. Inductive re-
z 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
induective 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=FE/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 »cltages. 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

Fic. 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.
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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 2xf.L and the capacitive reactance is

equal to , then:

iy
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2f,L !
2xf,C
(2=f ) LC = 1
1
fr = —
2=V LC

where f, equals the frequency at resonance and
= 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
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Fies. 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 L
paths, instead of one
path as in the circuit
of Fig. 1. The lower
reactance in the paral-

lel circuit influences the
current flow.

LINE CURRENT

LINE CURRENT

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-
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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, = —i_;
27V 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 7 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 (X,)? 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

Fic. 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.
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at resonance, the impedance of the series cir-
cuit i$ a minimum, whereas in the parallel cir-
cuit, it is a4 maximum.
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Impedance Z
Line Current /

Relation between inductive
and capacitive reactance

Voltage across C

Voltage across L

Comparative voltages across
C and L

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

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

each

At this point it will be well to tabulate the
differences between parallel- and series-reson-
ant circuits as explained above; this is shown
in Table 1.

“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 @ 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 @ 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-

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 @ 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 @ 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 @ 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 @
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 ke

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 ke off resonance, the current
in the system is reduced to 6 units. In other
words, if the circuit is resonated to 1000 ke,
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 ke. 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 ke off resonance the current is still 6
units. This means that the circuit will not dis-
criminate as readily between the 990-k¢ 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 ke, 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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Fic. 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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Fic. 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.

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 ke
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 k¢, 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 ke, 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 ke, the impedance is
approximately 48,000 ohms—practically no
variation in impedance over this 10-ke band.
Obviously, the selectivity of such a circuit over
this 10-ke 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 eoupled, 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 prolarity 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
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Fic. 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 is 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:

Amount of flux linkage

Inductance — - X 10—
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 L, are linked
through L,. These two coils with self induc-
tances L, 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 L, 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 L, en-
circling coil L,. In effect then, when mutual
inductance is said to exist between two coupled
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Fie. 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.

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 = 108

current in first coil
or

Flux linkages in first coil produced

by current in second coil
M — - - x 10—2
current in second coil

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, = —2=f M I, and rearranging we have

I,
22 f M = —

&

Here 2z 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, E, is the in-
duced voltage appearing across the open
terminals of the secondary circuit, /, the cur-
rent flowing in the primary circuit, and 2= 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
fundamental 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
X and all other coils
Lo = Li+ Le + Ls + used in series con-

nection

For a parallel circuit

the reciprocal of any

and all other separate

L iotal L +Z+_I:+coils used in the par-
! 3 * allel connection.

1 1 1 1

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

+2M if the coils are con-
nected in series aiding
and —2M if they are
connected in series op-
posing. (See Figs. 11A
and B.)

L total — L1 L2 + 2M

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
is 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
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Fics. 11A, left, and 11B.—The total inductance of two
coils connected in series aiding, shown on the left, is
greater than when they are conhected 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:
(27fM )2

Refiected Impedance — — "
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 R,, the coupling capacitor, C, (sometimes
known as a “blocking” capacitor, as will be
seen later), and the grid-leak resistance R..
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 C, is the only ele-
ment connected in the ecircuit, 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 C,. 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 C,. 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 C,
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 C, in series with the reactance of the
grid-to-cathode interelectrode capacitance o
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.
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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 C, 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 R,, having a high value campared
to the reactance of C;, 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 C, to the grid of the tube
V, 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 C, (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 C, will pass it on to tube
V.. In other words, C, will only pass current
that is alternating and not a direct current.
1t is, therefore, evident that C,, 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

—
Vi Cy Va
Rb
| .
g—J E
} k—] I~
< FiGg. 124
— I}
v R
fl N vy
Ry —
=l =
Ex B+ -{EGK
4 It
‘l‘ FIG.12C

characteristics, it can pass both alternating and
direct current. In the present case, the re-
sistance R, 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 C,;. This is so because the
reactance that C, offers is much less than the
resistance of R,. All the d-c component of the
plate current of tube V, has to flow through
resistance R,, regardless of the value, because
that is the only path available for it. The
value of R, 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
R, 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.
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Fic. 12.—These circuits illustrate the 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 R;, the coup-
ling capacitor C,, and the grid resistor R, but
the reason for choosing special values for them
remains to be explained.

(A) The Plate-Load Resistance R,

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. R, 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
inte the order of a megohm and higher. What
was previously said about R, 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.

Fic. 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.
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Fig. 13 is a curve showing the way the
relative amplification varies as the size of the
plate load resistor R, is increased (shown as a
ratio value to the plate resistance R, of the
tube). When the resistance R, 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 R, is made very large, most
of the voltage drop will appear across R, 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 R, is also in
the d-c circuit of the tube as well as in the a-c
circuit, and the value of R, 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
R,. If R, is quite large, then the d-c voltage

drop in R, 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 I*,R, loss. There-
fore, a compromise must be obtained between
a high value of R, for a-c amplification and a
low value of R, 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 R, and R, 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
R, and R, in the case of pentodes.

(B) The Grid-Leak Resistor R,

Referring to the diagram of Fig 12D it is
understood so far that the total signal voltage
drop across R, will be applied ‘to the grid of
the tube V, through capacitor C,. 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 C, in series with R, together make up a
parallel circuit with R, to the distribution of
signal voltage. Therefore the same signal out-
put voltage that is across the one half of the
parallel circuit R; is impressed across the sec-
ond half of the parallel circuit, namely C, in
series with R.. Since the grid of the next tube
is connected to the junction of the CyR. com-

"bination, then this combination acts as a volt-

age divider of the impressed signal, with the
portion of the voltage across K. being impressed
on the grid of the tube. The greater the value
of R, as compared to the reactance of C,, 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 R,, is impressed across
the dividing network of R. and C,. The voltage
that is impressed on the grid will be that across
the grid-leak resistor R.. The greater the re-
sistance of R., as compared to the reactance
of C,, the more signal voltage will be impressed
on the grid of tube V,; 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

B+ =

Fic. 14—An R-C coupled network in which the ca-
pacitor-resistor combination, C,-R,, 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 R,. Since
most tubes have a value of R, designated by the
manufacturer, then it is sometimes said that
the value of R, should not exceed 1/, of the rated
value of R., 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 C,

Reviewing the function of the coupling ca-
pacitor C,, 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-

fered), X = , the larger C, becomes,

2+fC,
the smaller X, becomes. Now if a charge col:
lects on the grid of the second tube, it will have
to leak off through R, the grid-leak resistor;
but if the reactance of C, is low, this collecting
charge will tend to charge C,, because the re-
sistor R, offers too high an impedance as com-
pared to X, 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 C, and resistor R. on this ac-
cumulating charge. What must be done under
such circumstances is that C, 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 constani” 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_.C, in seconds.

This product of the resistance and capac-
itance represents the time required to discharge
the capacitor C, through the resistor E. 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 formula,
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Time Constant = R.C,
.004 sec = 2 megohms X C, microfarads

.004

b — .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

Fic. 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

EU
A= —
E,
where A equals the gain of the stage
E, equals the output voltage measured
across R.
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:

4 " R,
R})“FRI)

where p equals the amplification factor of the
tube receiving the input voltage.
{(This may be found in any tube
manual)
R, equals the plate load resistor across
the amplifier
R, 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,
s equals 20 and that the plate resistance R,
under the same operating conditions equals
10,000 ohms. Now if the load resistance R,
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

~ 10,000 + 50,000

1,000,000
60,000

= 16.7

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 p of the tube and can
only ideally approach it.

AMPLIFIER [5 iy,

Re

Fic. 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 G, equals the transconductance of the
tube in mhos and
R, equals the plate load resistance of
tube in ohms.

The above relation is given under the gen-
eral assumption that the grid-leak resistor K.
and the plate resistance of the tube R, are much
larger than the plate-load resistor R;. 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,

E,
E,

where p 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

A = = un
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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 89B-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. (2)
R-F AMPL. T

6SA7GT
0SC.-MOD.

33K 33K

B+

Fie. 17.—Untuned transformer coupling is used in
the r-f stage in the Motorola Model 39B-2.

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 @ 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 C8 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 (X.)?, where X, is the in-

R

ductive reactance of the coil in the circuit and
equal to 2rfL 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 X,Q. The gain of the stage in question is
then equal to the following:

X £
A—G, (X.)
or
A = GuX.LQ.

In either equation G,, is equal to the transcon-
ductance of the IN5 tube expressed in mhos
and X,, R, and Q.are defined as above. Since
the capacifor 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 @
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 G,, of the 1N5
tube is equal to 750 micrombhos, the resistance
R of the circuit can be measured between the
high and low side of the tuned circuit, and the
inductive reactance X, 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-C38
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
caleulated and this value substituted for X, 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
rircuit (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

1
22f (L) = —————
fL3) 272f(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

2% 304 X 710 X 10° X 420 X 10
— 584 ohms

therefore, the inductive reactance X, is equal
to 534 ohms, since X, = X..

¢ —

The gain of the stage will be equal to

(X.)*
A — Gm R
(534)
— .000750 X —=21.4

The gain of this stage at 710 ke 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 mbhos,
the computed gain is equal to 21.4.
4

Al GOt\szTER
250 MMF
GANGED

1N5
R-F AMPL.

Fic. 18.—The single-tuned r-f coupling in the Admiral
Model 6E1 and 6EIN allows for maximum gain and
good selectivity in this stage.

Since tne 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 IN5 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 Lg in parallel
with the ganged tuning capacitor C1 and the
trimmer C7. The tuning capacitor C1 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 C7 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 C1 is not great
enough to cover the broadcast frequency range
of this set which is 535-1620 kc. All of these

CONVERTER
1L Ao

R-F AMPL,
1LNS

R3
470,000
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22 MEG.

/T ]
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Fic. 19.—The signal grid of the 1LAG converter is
connected to a tap on the tuned secondary of the r-f
transformer in the Zenith Mode] 6G001.

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 L,. 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 CI, 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-ke 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-
ke 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-
2=V 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 256 mmf, the dif-
ference in frequency change would be as fol-
lows:
1

QWVL—C
B 1
2 X 814 X VI00 X 107 X 25 X 10

for C = 25 mmf, f —

— 8.18 mec.

for C = 15 mmf, f = —u—
271'\/LC
1

2 X 8.14 X V100 X 10— X 15 >£}0- E

= 4.11 me.

The frequency range covered by this tuning is
4.11 mc. less 3.18 mc. which is equal to 930 ke.
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:

1
for C = 45 mmf, f = ——
2=\ LC

1
2 X 8.14 X V50 X 10 ° X 45 X 16%

— 8.836 mec.

1
e VIC
1

2 X 814 X V50 X 105 X 35 X 10—
= 3.80 mec.

for C = 35 mmf, f =

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 L, 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 L, is tapped, the
lower will be the applied r-f voltage to the
signal grid of the 1LAG6 tube. In other words,
all the signal voltage appearing across coil L,
is not being used and the r-f voltage fed to the
signal grid of the 1LAG6 tube, is controlled by
the tap on L,.

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 L,.
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 L,) 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 amjdi-
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

Cyl
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Fic. 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 R, 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= Gm X Rb

From tube manuals, G, for the 14A7T 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 7TMLO80 a combined
coupling arrangement is used between the
7AT7 r-f amplifier and 7B8 converter. This
coupling arrangement consists of the regular

R-C coupling combined with single tuned-cir-
cuit coupling. The schematic for this coupling
arrangement is shown in Fig. 21. The primary
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Fic. 21.—The coupling between the r-f and converter
tubes in the Zenith Model 7TMLO80 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
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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
advantages, and the reason for the connection
used here will be explained below.

If the ground point was removed from the
junction of Cé and C7 and placed at the junec-
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 RS 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

c5
T 3
. 001 MF .
e 1
ouTPUT * R3 J
VOLTAGE 10K J
FROM 7A7
R4
R-F AMPL. 330K
) c22
Bt 20MF
_l AVC

Fic. 22.—Simplified schematic of the coupling ar-
rangement of Fig. 21.
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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 Cé6
will be virtually equal to ¢,. 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:
B Cc7 v
~ \c6+cCr

(It may appear peculiar that C7 instead of
Cé 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

Primary impedance

C7 :
= Total impedance X (m)

50 4
= Total impedance —_—
P X (250 + 50)

1

= Total impedance X
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 7
Cé )
Secondary voltage — E— X Primary voltage
250 .
= 50 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 ke (which is lower than the
usual 455 ke 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.

Fic. 23. — Selectivity

response curve illustra-

. ting image-frequency
I rejection.

VOLTAGE

!

T fr 1530 KC
IMAGE
1000KC  FReQUENCY

If the set is tuned to an r.f. of 1000 ke, then
the oscillator would be tuned to 1265 ke to give
an i.f. of 265 ke. 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 ke 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 ke to reject the interfering signal. In

other words f, in Fig. 23 is the resonant fre-
quency of the tuned circuit and equal to 1000
ke. The band width should be sufficiently nar-
row that a signal at 15630 ke 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-18L, 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

L3y
SERIES PE AKING COIL
R-',FBA-;MPL' 5.7 MH

CONVERTER
14Q7

Fic. 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

L4 SERIES PEAKING COIL
28 OHMS
113 MH

R-FAMPL.
128K7

> L2
o SHUNT PEAXING CDIL
48 OHMS
2.75 MH

B+ 8-

Fic. 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,. C, 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 V, and the stray wiring
capacitances in the vicinity of tube V.. The
stray wiring capacitances include those exist-
ing between capacitors C, and C, 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 C,, 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-

' 4”_— Va,
Cp

T
Vi
:*:
— €1 .
— - | Rb
|
|

1
-4
=T

T
= g
p 2
Rci :
E -1_: B8+ = '—E-’

Fic. 26.—A typical R-C coupled stage in which the
shunting capacitances C, between the plate and ground

and C, 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=G.,R,

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 o 1
Amid - Rb 2
1
Ji+(a)
1

— (1)
V1 F (2afCRy)?

where Auign equals the gain at the high frequen-
cies

Ania equals the gain at the middle frequencies
and equals G,.R;

R, equals the resistive load on the plate of
the amplifier in ohms

Xer'equals 1/2fCr, the capacitive reactance
of C; in ohms

Cr equals the total shunt capacities in farads
(C,+ C,) and

f and = 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 R,

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 C,? 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 C, offers at high frequencies.
The average coupling capacitor C, (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

of the broadcast band the reactance of C, 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 G.R
for A,.;s, this becomes

GmRb
VI1+ (2xfCrRy)®

This relation is in reality not at all difficult
to understand. Leét 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, Apign, is de-
pendent upon four distinct factors, these being
the transconductance or G,, of the tube used;
the plate load, or R,, on the same tube; the fre-
quency of operation f, and the total shunting
capacitances C,. 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 2 which equals 2 X 3.14
or 6.28, and multiplied by the frequency of
operation f, the shunting capacitances C;, and
the plate load R,.

Consequently from the above expression it is
found that if the G,, of the tube in question is
high, so will the gain, Az, be high, but if the
shunt capacitances, C,, of the tube and the fre-
quency of operation, f, are high, then the gain
Anign, 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 G,, R, f, and C; are
known; it can be easily and simply executed in
a few steps. Let us assign values to the sym-

A high —
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bols and illustrate a typical calculation, which
consists of a series of multiplications and a
division. Assuming that

R, equals 50,000 ohms, G,, equals 1000 mi-
cromhos, f equals 1500 ke, and C; equals 30
mmf (C, 4+ C,), then

Apign—=
001 X 50,000

V14 (2 X314 X 1500 X103 X 30 X 10—12 X 50,000)2

Starting with the denominator (the expres-
sion under the square-root sign), we find that
(2 X3.14 1500 x 10° X' 30 X 10—* % 50,000)*
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 4 199 or 200. Evaluating the
square root of 200 (y/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 Anig, and that is to divide the numerator by
the denominator. Therefore

50
Ahigh = — —38.58
14.14

From the above mathematical computation
the gain at the middle frequencies which is
equal to G.Rs, is 50, as compared to the gain
at the high-frequency end of the band, which
is 3.58. This drop in gain, as mentioned be-
fore, is due to C;. The undesired effect of C;
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 Aji;n i1s to insert in series with the
plate resistor R, 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
Cr for reasons which were previously explained.
The effective load impedance on tube V, is the
combination of R, in series with L,, both being
in parallel with C;.

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

vy

Fic. 27.—Coil L, 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-ke 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-ke¢ point will be at
least at the half-power point. Since the re-
sponse curve has to be corrected to a degree
where 1600 ke will be considered acceptable,
then this 1600-ke 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 R, on the tube must equal the reactance of
the shunting capacitances X¢;.

This can be shown by examination of equa-
tion (1). If the resistance R, be made equal to
the reactance of the shunting capacities, X¢r,
then equation (1) would be:

Ahigh 1

Amid / Rb s
1+
V()

and if B, — X¢r, then

Ahigh o 1 . 1
Amid \/1 +(1)2 \/2_
1
= — =.707 (3)
1.414

From equation (8) it is seen that when R,
is equal to X.r, 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
Ri=Xor= ——— 4A
b er 201 .Cs (4A)

where f. equals the frequency at which correc-
tion starts. If the above relation is solved for
2xf., it will be found that

1 (4B)
27ch: =
R,C,

Since at resonance the inductive reactance
equals the capacitive reactance, then the induc-
tive reactance of L, is likewise equal to R,. This
may be expressed as follows:

Rb :271'ch1, (5)

since 2xf. = , it can be substituted in equa-

b

tion (5) from which we have

R Li) 7

) — Or rearranging,

' C.R, ging

Ln = CTRbl ( 6)

Equation (6) is a direct formula which shows
the amount of shunt peaking coil inductance
to use when both C; and R, 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 L, 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 L, used,
as calculated by C.R,, 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:

L,— o CrRy? (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 C, are not known accurately and it
will then be difficult to find what L, should be.

However, it is known that R, = and if

el
this relation is solved for C,, we find that

Cr If this latter relation for C, is

- 27chRb '
substituted in equation (7) then,
L, =% X X Ry = (8)
S 27chRb " 47ch

In this equation L, is entirely independent
of the shunt capacitances C, and is dependent
upon the frequency of correction f. and the
load resistance R,.

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 C; and all computations have
to be based on the value of C;. In fact, Ry, for
correction purposes of this circuit, has to be
equal to the reactance of one-half of C; at the
frequency of correction. However, if R, is al-
ready known by approximating a certain value
for C,, 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 L,. Note that the curve where the response
is flattest is when

L,= Y% C.R*

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-

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

[f— Lp= 4/5CT Rp?
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Fic. 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 ke. In order to peak up the response
curve at 1600 ke, it was decided to insert a
shunt peaking coil. It has been found that for
best overall flat response, the load resistance R,
should be equal to the reactance of the shunting
capacitances at the frequency of correction.
Mathematically it means:

1
271'ch7'

which is the same as equation (4A). From this
latter relation the value of the load resistor
needed can be calculated. We know that f, =
1600 ke and C, = 25 mmf, then,

1
277ch7‘

Rb:XCT:

R, =

1
2 % 3.14 X 1600 X 10° X 25 X 10—*

= 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)

L,= 1% CrRy*
=15 X 25 X 10—2 X (4000)2
=1% X 25 X 16 X10-°
=200 X 10—

L, = 2 millihenry

Or from (8)

R,
*’#sz‘

p:

4000

T 4% 3.14 X 1600 X 10°
4000

T 201 X 10°

=199 X 10—

©=.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
sertes 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
R, and the coupling capacitor C,. 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

>~
1 V.
Vi | Ls i Cp 2
- Rpd =iz £
—] - Cs __1;_(_:1 _.é_g?.
I
= Rs Re
%__T o -
FIG.22 A

Fics. 29A, B, and C.—These three schem-
atics illustrate different methods of insert-
ing a series peaking coil in an R-C coupled
network.
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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 C,. 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 R, 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 C, and
the grid circuit of tube V,, because it is desired
to add the shunting capacitance between ca-
pacitor C, 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 R, on the side of the
lower shunting capacitance, namely C,, as in
Fig. 29A. The reason for placing R, 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 R, 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
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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 B, 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 R,. Assuming no compensation
(L; removed), then this voltage across R,
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 R, and C, in parallel, is impressed onto
the voltage dividing network of L, and C.,.
Capacitor C, presents a virtual short circuit at
high frequencies and the resistance of the grid-
leak R, is so large compared to the reactances of
L, or C, that C, 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 C, 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 L,. 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 C; (Cr=C, + C,), and from know-
ing C, and Cy, C, 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 C,; 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 (C;) shunt-
ing it.

In order to make the actual measurement of
Cr, 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
C, (and C, alone) on stray capacitance, which
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Fic. 30.—The schematic of Fig. 29A is here redrawn
to show how L, and C, are considered as a series reson-

ant circuit. Capacitor C, 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 C; is measured, but
its physical presence is required because of its
effect on stray capacitance. Since the value of
the load resistor R, in the completed amplifier
depends upon Cg, it is possible to use only an
approximately correct value of R, during this
measurement. This is not important, however,
since Cy is affected only by the mechanical size
of Ry, 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 C; is equal to the resistance of R, (the load
resistor actually in use during the measure-
ment). When the reactance of a capacitor (in
this case C;) 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 R, equals
X¢r at the half-power point. Thus C; 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 C; (C, = C;—C,) and if the un-
desired (for this measurement) part of C, is
removed from the circuit, C, alone can be meas-
ured by understanding that R, is equal to X,
at the half-power point. The undesired part
(C;) is removed by disconnecting and, if neces-
sary, mechanically removing the components
across which C, 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
C. equal to about twice C, and the elements L,
and C, 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 R, are
reduced, thereby allowing for an increase in
the load resistor R,. And since the gain of an

R-C coupled stage is proportional to K, 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,C, should be
made resonant at the frequency, f.. Conse-
quently, from the resonant-frequency formula,
it is found that:

1
fo= ——— 9)
2=V L,C,

If both sides of this equation are squared and
solved for the inductance L,, we have:
1

&= (—2)’7— and rearranging
™ s\ e

o 1
a (271—fv)3 Ce

The above equation (10) is dependent upon
the shunting capacity C, alone, and upon no
other circuit components. If we want to solve
for L, in terms of C,, then from the \l\elation
that C, = 2C, we have:

or 2nfl,= (10)

3

27"’ch2

1
or 2rf.Ly, = —
e Y et C,

N 11
(2nfe)* 2C, ‘b

Equation (10) states that the inductive re-
actance of L, is equal to the capacitive reactance
of C, 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 \/ch, we
would have the following:

First, by taking the square root of (11) we
have:

1
2xf.\/ 2C,

VL=



RADIO-FREQUENCY COUPLING 129

Then if this latter relation is solved for \/? fe
we have:
o 1
V2 f.= VIO, (12)
(At this point it would be wise to under-
stand something about square roots. As an il-
lustration we will consider the expression
\/2C,. This V2C, can also be represented as
the V2 X VC. In other words, the product of
any two square root numbers, /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 V2 X 10 = /20, which is equal to 4.47
mmf. Similarly, the v2 X v C is equal to the
V2 X 10. The V2 is equal to 1.414 and the
/10 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
V2C = v2X Vv 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 L, is in resonance with the
lower valued shunting capacity C,. The re-
sonant frequency of L,C, is then equal to /2
times the frequency of correction. That is to

say, if we let f, equal the resonant frequency of
L, and C,, then

Ao —=V2 fx (13)

It has been found from practice that the
plate-load resistance R, had to be equal to about
one half of the reactance of the shunting ca-
pacitance C, at the frequency of correction.
Therefore,

1 1 g
By=——Xe, = — —— (14)
) 2 27 f. C,
where X, is equal to —————, the capacitive
2n fc Cx

reactance at the frequency of correction of
the shunting capacity C; existing across K.
Equations (11) and (14) are equal to the same
thing so they are therefore equal to each other
and we have the following relation:

27 fo L, = Ry (15A)

which states that the inductive reactance of L,
is equal to the load resistance R,. This may be
rewritten as:

(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 = 2.

1

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 R, and L, have been
derived to cover any ratio between C, and C..
Calling this ratio “S”, then from equation (14)
we have:
1 9/
By=+—=e——— or ——X, (16)
vV 28 2x f. C, Vv 28

And from equation (11) we have:

1 1
L, = or ——
Vv 2S 2r f.

= — Xer (17)
v 28 (2= f)* C,

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 necessary value of Ry and L,. 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-
ke range of the broadcast band. Consequently,
compensation at a correction frequency of
1700 ke 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 C, 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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R — 1 1 1

v T X Xa= 5 277G

Rb:

1 1

2 2 X314 X 1700 X 10* X 15 X 10—*

1 1
R, =

2 1.605 X 10—
R, = 3120 ohms

The value of the series-peaking coil can be
obtained from equation (15B). Therefore,

Ko e
T 2x f,
b — 3120
T2 % 3.14 X 1700 X 10°
3
AR U
1.07 X 107

L, = 2920 x 10—
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 R,, f. and
Cr. 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

Fie. 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.
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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 7TB7 r-f amplifier tube is equal
to 3300 ohms. It is designated as R,, which is
the same as R, used in the previous equations.
The series peaking coil is designated as Ly,
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 L, is placed in the same position. The stray
wiring capacitance existing between capacitor
C, and ground is therefore added to those
shunting capacitances existing across the load
resistor, E,. The 6800-ohm resistor R, is used
to “broaden” the peaking effect of the series
peaking coil L. It is explained as follows:

The peaking coil L;, 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. Consequently, 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 @
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 L,, 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,, C,,
or C, 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 128K7 and 12SA7 tubes and
also to be in series resonance with that shunt-
ing capacitance existing across the input to the
12SAT7T 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.



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. 14,
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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Fic. 1.—The components of the i-f rejection circuit are incorporated in the second i-f transformer can in the

International Detrola Model 571X receiver.
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that of Fig. 1 is em-
ployed in the Motorola
Model 452 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 F, 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.

UG C
RESTS ON UNDERSIDE
OF BASE IN ASSEMBLY
(SIMILAR TO LUG G)

EXPLODED VIEW QF
I-F TRANSFORMER AND
CAPACITOR SUS -ASSEMBLY.

FIG. 28

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-
celver 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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I-F TRANSFORMER ARRANGEMENTS

do not differ markedly from the respective
drawings (Figs. 24, 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

LUG F! INS RTED
IN SLOT

START OF ASSEMBLY)"

LU D ———
INSERTED |
SLOT P
LUG D
INSERTED IN
EXPLODED VIEW OF sLoT T
I-F TRANSFORMER AND '
CAPACITOR _SUB-ASSEMBLY N \
FIG.SA c— |
N p% » l
f ll .
| W
\ \'\J
[% T% I\
\ !
MICA——I J\
METAL WASHER- \ Lu \
CAPACITOR — L J e
ADJUSTMENT 1\ ‘
ok ‘ V|
ASSEMBLY) \ - %S .

N A e
*/@/

UG B
INSFRTED IN

A

W
el
J VARIABLE

CAPACITOR
PLATE

ZND I-F TRANSFORMER

CAN

-==-DENOTES
MICA

VOLUME
CONTROL

SCHEMATIC OF I-F TRANSFOR

AND CAPACITOR ASSEMBLY

ER

MICA —

135

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. 54, 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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Fic. 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

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 2 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 8 and 1 and lugs 7 and
5 for the FM coils; whereas a larger capacity
exists between lugs 5 and 8 and lugs 7 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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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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Fic. 1.—Two cycles of a typical sine wave. Note that
time is indicated in degrees, one cycle of the wave being
completed in 360°.



138 RIDER’'S VOLUME XV “HOW IT WORKS”

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 periodie 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 ecyclic
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. 8), 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 tnput 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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Fic. 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, n
phase represents the phase relationships of re-
generative feedback signals.

Some Advantages and Disadvantages
of Feedback

It was stated previousiy 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

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 characteristies. 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 E,.

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

INPUT SIGNAL
Er E;+BEg [AMPLIFYING CIRCUT BTG EIERTAL
> »——WITH A TOTAL GAIN — £
ORIGINAL EQUAL TO A
INPUT SIGNAL
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FEEDBACK COUPLING
CIRCUIT THROUGH
BEp [WHICH A FRACTION
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SIGNAL, @,1S FED
BACK INTO THE
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Fic. 4.—Block diagram of any feedback cireuit which
illustrates that a fraction B of the output signal E,

is combined with the input signal E, to form the effec-
tive input signal.

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 B (beta) and the portion of the
output signal fed back is designated BE,.

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 BE,. (Whether the
signal fed back is of a degenerative or regen-
erative nature will soon be seen). The output
voltage E, 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:

E,=A (E,+ BE,) (1)
Multiplying equation (1) out, it is found that :

E,-- AE,  ABE, (2)
Rearranging equation (2),

E,— ABE, = AE, (3)
Factoring E, out of equation (3),

E, (1—AB) = AF, 4)
Solving equation (4) for E,, we have

Eo::—ﬁigl— (5)
1—Ag

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:_

E, A

_— = — A
E, 1—Ap S8

K,
where E—is equal to the totak gain of the feed-
1

back system, thus:
A

1—AB
(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 B 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 B used is negative and
the denominator of eguation (6B) becomes
1+ AB. 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 _
Eo L
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ORIGINAL
INPUT SIGNAL
4 o
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1 R
8= 750

Fic. 5.—In a degenerative feedback circuit, the output
signal is 180° out of phase with the input and the
fraction B 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 E,
is equal to 20 times the input voltage E;) and
the amount of voltage fed back to the input
signal grid is equal to 1/30 of the output volt-

1
age, then 4 =20 and 8 = 3—0— 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 g will equal
—1/30 and the gain of the feedback system
will be as follows:

Total Gain of Degenerative A
Feedback System 1+ A4Ap
(since B is negative)

20
20 - = 20

14+20%1/30 1+'_i_ ~ 53

Total Gain of Degenerative 12
Feedback System o

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 V, to the input of
the first stage, tube V,, will be regenerative.
Therefore if 8 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 A
feedback system 1—ARB
20 20 20
1—20%1/40  1—1/2 1/2
Total gain of regenerative 40

feedback system

Consequently the gain of the regenerative sys-
tem under discussion is equal to 40.

Eo
Vz Oe I——f——
180°
R
\
Bt
'Eo
REGENERATIVE
FEEDBACK COUPLING
CIRCUIT R
a ~ W
8 =Ya0

Fic. 6.—In a regenerative feedback circuit, the output
signal is in phase with the input and the fraction g

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—ave—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

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

65Q7,

R13
330 OHMS 0°
———AA—
¥ D
47 . R12 1«23—350*‘ T SECONDARY
37770 47 0uMS Eo OF T5
J_ R} € Neo°

Fic. 8.—Simplified schematic of Fig. 7 illustrating
the use of a voltage-divider network, resistors R/2
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 R132 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 B 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
POWER OUTPUT ©°

2ND DET.~-AVC-1ST A-F 180°

A-F SIGNAL

]
llca?

R13
330 OHMS o°
A

Fic. 7.—Degenerative feedback 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 E,. 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:

Ri13
Voltage drop across R18 = ————
R12 4+ R13
330
47 4 330
330
377

B76 E,

X E

0.

X E

o

The voltage drop across R12 is then given by

R12
— ___XE,
R12+ R13

47
47 + 330
47
—_— FE,
s77
124 E,

The voltage drop across RI12 can also be
found, if the drop across R13 is known; that is,
the voltage drop across R12 is equal to the dif-

Voltage drop across K12 —

X E

o

ference between the total applied voltage E,

and that voltage drop across R13. In other
words:
Voltage drop across R12 = E,— 876 F,

= (1 —.876) E,

= .12, F,

which is the same answer as that above.

DET~1ST AUDIO Lcis |

180°

125Q7GT

A-F INPUT SIGNAL
O°

.0005

47OK%
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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 g, the frac-
tion of the output voltage fed back, is equal to
.124 or about 3. 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
transrormer.

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.

OUTPUT
POWER °TRANS.
OUTPUT AMPL. 1.0 1607
35L6G/GT = Q
D
1 c1el¥_ 9
01 R12
470K 470

R13
470

B+

Fic. 9.—In the Zenith Models 6D014 and 6D029 regenerative feedback is used to

signals.

R10
270K

increase the low-frequency
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Assuming that a 0° input signal is injected
onto the grid circuit of the 12SQ7GT tube
through the volume control Ré, 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 RS,
through C14, 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.
ORIGINAL AUDIO

INPUT SIGNAL
o°

12SQI76T

R7 R10

o1s, 22K J 270K

004y 300KSG

SECONDARY
OF QUTPUT
TRANS.

™
x4
o

Frc. 10.—S8implified schematic of the circuit of Fig. 9.

The value of the feedback factor g 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 (15 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 R? 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
C1} and R4. The reactance of the .004-mf ca-
pacitor L 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 214 % of the total
signal voltage appearing between the variable
arm of the volume control and point . Conse-
quently most of this latter voltage, 97V % of
it, appears across R4 and is impressed onto the
grid circuit of the 12SQ7GT tiube.

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 E,, 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 E, is equal
to .133 E,, and it can then be stated that 13.3%
of E, appears across points G and F of the
volume control. The amount of this latter volt-
age, 13.3% of E,, 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

for C1} and R4. From the previous discussion,
R4 has a voltage drop that is 9714 % of that volt-
age appearing across points G and F; there-
fore, .975 .133 E, is equal to about .13 E,. It
can then be stated that the amount of available
voltage of E, to be fed back to the signal-grid
circuit of the 12SQ7GT tube, under the above
circumstances, is equal to about 13% of E,. It
should be remembered that this voltage E, 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-

001y 1.5 MEG. i 330MMF

T ¢
| j%;éﬁd

1ST AUDIO
6SQ7

Fic. 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 cireuit, 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

T2

2ND I-F
180 TRANS.
I-F AMPL. %
6SK7GT E
SCREEN GRID 0
I-F 180° o
INPUT SIGNAL 0° 180

Fic. 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

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 1s 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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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 centér-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-
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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

PUSH PULL OUTPUT
/ TRANSFORMER

4

VOICE
SEC. he CoIlL

PRI.

8

Fic. 1.—A simplified push-pull circuit in which the
output transformer has a center-tapped primary
winding.

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 V.
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 V- is a megative marimum. In
this respect the a-c plate current of tube V:
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
in 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 ecurrents
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 balanec-
ing effect in the output transformer circuit, is
that there is no fundumental 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.

¢) 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 voit-
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

Fic. 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 C23. 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-

6V6 GT
POWER OQUTPUT
5
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15T AUDIO
DET.-AVC
N e
50
TO 2ND IF Likie
* TRANS. =
cio
SOMMF
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PHASE INVF_RTER R1S.
W R19
470 K

czﬁj

001 Y
B1AS B+

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 6Vé’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

Fic. 3.—The triode
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

6V6 6T
POWER OUTPUT

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.

44
POWER OUTPUT
AUDIO INPUT SIGNAL -
{ am -
_'—{ﬁ -
o1 R10 g}
400K
R11
R12
émx éboon
76 3 =
PHASE INVERTER C]} L
] e
R4 S 01 2550k ( :..;J’
100K R13
= 41
B+ POWER OUTPUT g,
R16
5000n

Fic. 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 4 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

6V6GT NO.1
POWER AMPL .

AUDIQ INPUT
FROM PLATE
OF AUDIO
AMPLIFIER
TRIODE SECT.
OF 638 GT TUBE

6V6 GT NO.2
a4+ POWER AMPL, B

Fic. 5—The output of the 6J5GT phase inverter is
applied to the control grid of the upper 6V6GT power
amplifier in the Zenith Model 12HO90.



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 6 AD7G 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-
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Fic. 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 6 AD7G. 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
— X 10 = - X =
R25 4~ R26 120K + 330K
120
—— X 10 = 22 Volts
450

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 6 AD7G 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 in 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
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Fic. 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
6SNTGT tube have equal plate voltages ap-
plied to them, making the output characteris-

ties 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
X(C181 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-
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Fic. 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 €64 from the cathode resistors
R20 and R2I, 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 (63, 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 R21 (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 6Vé’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

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 the 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-¢ 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



PHASE INVERSION 155

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.
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Fic. 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 K18
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
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Fic. 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 4 and D two com-
ponents are in series, namely C, and R,. From
the junction between C, and R, a lead goes
to the control grid of the lower 50A5 tube.
Therefore, C, 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
C, 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 R.-C, combination is that the
capacitor C, 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

| R 50A5
Ry S 4 o z LOWER OUTPUT

TUBE

Fic. 11.—Simplified circuit of the input to the lower
50A5 output tube in Fig. 10.

capacitor C, 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 C, 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 C, at
these same frequencies. At low audio fre-
quencies, the capacitor C, 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 C: 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 C, (in conjunction with R.) 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

Fic. 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-¢ 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

Fic. 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 propertics 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-¢ 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 I, is that representative
of tube V,. Since direct current flows from
cathode to plate in the tubes, then currents I,
and I, 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 V.. 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 V,
respectively.

Originally, without any input signals applied
to the circuit but with the proper d-c potentials
applied, d-¢ 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 QUTPUT

\ . [ ) TRANSFORMER

-

+Es

_Es

NEGATIV
GOING SIGNAL

Fic. 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.

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-¢ 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 ¢, of tube V, flows in the direction, as il-
lustrated in Fig. 14. It flows in the same di-
rection as the direct current I,, 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 V, 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 V, 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 V,.
This latter output current likewise varies about
the d-¢ 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 7, of tube V,
flows in an opposite direction to the d-c plate
current I,, as illustrated in Fig. 14, because
of the decrease in output plate current with
respect to the d-c reference level.

C‘}/CZL[ CURVE NO.2
_~—PLATE CURRENT OQUTPUT
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TIME ——— >

Fic. 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 fotal 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, 4, and 1,
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 1., 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 7, that is due to the
combined effects of 7, and i,. In other words,
the secondary current i, is greater than a sec-
ondary current produced by either 4, or ¢, 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 4, 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 ¢, in the primary.
In other words, current %, induces a voltage
into the transformer secondary, as also does
current i,. 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 ¢, and
i, 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

UNITS CURVE NO.3-CURRENT ig
-~ 7~  RESULTANT OF CURVE NO.1 PLUS CURVE N0.2

—_—
+ + +
~w b

SECONDARY CURRENT
——
Lo
N O
G,
h Y
m:

o N CURVE NO.2 .
180" ——— DUE TO INDUCED VOLTAGE FROM {p
"
T

CURVE NO.1 )
_____ DUE TO INDUCED VOLTAGE FROM i

UNITS

Fic. 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, i,, in the secondary circuit that is
greater than either one current alone. This
latter current i,, 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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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-
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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 details of f-m transmission and
reception.

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
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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 ke, 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
ke apart, and on a nationwide basis, no two

R-F I-F I-F A-F
ampL [ MXER T ampL. [T ampL. Bt AMPL. _Eq

osc. FIG. 1A
7 77
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R-F Mixer — 1°F
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Fic. 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.

adjacent channels are closer than 200 k¢ to one
another. The minimum of 200-ke adjacent
channel separation is set by the maximum fre-
quency deviation of plus and minus 75 ke for
100 percent modulation, plus 25 ke “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-
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. 1A 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 ke to about 465 kc and a
bandwidth of approximately 10 kc, the f-m re-
ceiver employs an i-f peak of from 8 me to
perhaps 11 mc and a bandwidth of about 150
ke, or 75 ke each side of the i-f peak. In some
early f-m receivers, an i-f peak of about 4 mc
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. 1A 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. 1A 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 1s 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 neot
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

ELECTRIC FIELD OF SIGN

/ L FIRST
INSTANTANEOUS FM
DIRECTION OF ELECTRIC

RECEIVER
F E
VIgL{_) OE INTERFERENC TUBE

ilh\lSTANTANEOUS DIRECT DON OF

Fic. 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 me. Then,
if the oscillator drifts as little as 0.02%, this
would correspond to a 20-ke 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
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Fic. 3.—A typical Hartley oscillator circuit, the input
capacitance of which is indicated by C,.

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 C, is shown
in dashed lines. The oscillator frequency is de-
termined by the inductance L, the tuning ca-
pacitance C, and the tube capacitance C,. 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 12H090, 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
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Fic. 4.—This oscillator circuit, used in the Philco
Model 46-480 receiver, is the same as that in Fig. 3
except that the tube 1s connected to a portion of the
L-C circuit.
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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 me. 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.

Fic. 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 12H090 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 transformenrs.

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



F-M CIRCUIT FEATURES 167

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

N, )
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FIG. 6C

the grid capacitor and grid resistor, C and E
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
6ACT7, 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

TO
FIG.6B ™ DISCR..

Fic. 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 («) 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” diseriminator, 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
1s determined by the relative phases.
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Fic. 8.+-The basic diseriminator circuit. Note that
the transformer secondary, L, and L, is center-tapped

and resonated to the i-f peak by the capacitor C,.

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
of Fig. 8, certain pertinent conditiors 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,, £,
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, C,
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,--FE, is
greater than E,+FE,, 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,--E, is less than E,+FE, then
the rectified current through R, will be greater
than through R,; the rectified voltage across
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Fic. 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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R, will exceed the rectified voltage across R,
and the differential voltage will be the differ-
ence between the voltage drop across R, 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.
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Fio. 10.—Simplification of Fig. 8, omitting the diodes
and loads.
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Let us start with a signal voltage E, across
the winding L,. This voltage will cause a cur-
cent [, 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
E,—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 I 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 I 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 L., L,, and C,, 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 I 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
I,, 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

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
E. is indicated by showing 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 Ej is greater in amplitude than Is
as seen in Fig. 11A, then E, is shown to be
greater in magnitude than /s in Figs. 11B and
11C. Inasmuch as the reactive voltage across
L, and L, leads the induced current I5 (the in-
duced current lags the reactive voltage), the
vector for the reactive voltage E, 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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'Fxc'. 11.—Since tl'le .secondary circuit is resonant and purely resistive, the current I, flowing in the secondary
?II‘CUIt'Of the discriminator is in phase with the induced voltage E,. This in-phase relationship is shown graph-
ically in Fig. 11A and vectorially in Figs. 11B and 11C with other discriminator voltages.
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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 E, FE,
so that E, is displaced by 90 degrees from E,,
and so is E,, the amplitudes of each being half
of the previously combined E,,E, This is per-
missible for although the total reactive voltage
across the tuned winding is 90 degrees ahead
of the induced current Ig, the voltage E, 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 E, is leading
voltage E, by 90 degrees and voltage E, 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 E,, and that diode D,
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-

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 E, and E,, and the
90-degree phase difference between E, and E,
and between E, and E,. Voltage E, 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
E, and E, in the same relation as in Fig. 124,
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.
124, 12B, and 12C drawn to the same scale, it
is evident that the combination of E, 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-
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Fic. 13.—Vectorial representation of the three volt-
ages of Fig. 12, wherein E, and E, are 180 degrees

out of phase and each is 90 degrees out of phase E,.
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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.,+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 LLF. 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

relationship between the induced voltage Ej
and the current /,, 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 now 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.,, 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-
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Fic. 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,.
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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 E,
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

Ig

Eg -

¥

Fic. 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 E,, E,
135 degrees behind the primary voltage E,.
Because of the center tap on L,-L,, and its
junction with L, we can show the two voltages

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 the
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,, caused to flow by
the induced voltage E,, will lead that voltage
by a certain amount determined by the degree
off-resonance. We have set this ag being 45
degrees so as to conform with the phase dif-
ference when the frequency of the applied
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Fic. 16.—The relationship 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, 4 E,
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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 I,
by 90 degrees, and since I, leads E,, the re-
active voltages E, and E, 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;

Fic. 17.—Vectorial representation of the current and
voltages of Fig. 16, wherein the current I, leads the

voltage E, 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 E, 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

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
“g” 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
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Fic. 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 mec 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-
ke 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
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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.
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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 com-
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 L, 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
1-f tube is the tuned transformer, consisting of
C,, L, and C,, L,.

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 L, 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 C, 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 C, and C; 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 B 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 C, 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 C, 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 C, 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 C, 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 C, will be larger than
that across C, at frequencies below if., and
above the i.f., the voltage across C; will be
larger than that across C..
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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 E 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 C,. 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 C;. In other words,
the capacitor C charges or discharges so slowly
through R that the potential at the top of re-
sistor B (or the plate of diode 4) 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 C; 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 ave 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 K and € 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 ave 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 TH7 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 ecircuit 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 ave
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
R,.

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 freaquencv far removed from the



F-M CIRCUIT FEATURES 181

TO
DRIVER

CENTER

Fic. 20.—The ratio-detector T
circuit employed by RCA in
several of their f-m receivers,
the first of which is Model

1500000

.0l MFD 5 MFD

612V1.
TUNE
Courtesy RCA Mfg. Co. (.g ?

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 resistgrs through the power line.
A Volt-Ohmyst can be used by connecting the

Lo | =
. r ] R3
4%% _lfos MED ZMEG—] ?
C C b
aer I A
\J % l A—\.':‘DIO

“COMMON?” lead to the junction of the two
75,000-ohm resistors, and the “D-C VOLTS”
lead to the junction of C, and C,, 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 XIL
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 instarces, 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.




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 ... ........ . .. AR.C.&R.173
Garrard Model RC10 . ... .. ...... AR.C.&R.187
Garrard Model RC30 .......... ... A.R.C.&R.198
Garrard Model RC50 .......... ... ARC.&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.




NDEX

ADMIRAL CORP.

3800 CORTLAND ST.
CHICAGO 47, ILL.
PAGE

Schematic, alignment, socket,
trimmers
Clarified sche .
Clarified schematics ... g
4A1, Issue B . Schematie, voltage, socket, note. 15-4

Alignment, trimmers, dial data... 15-5

Schematic, socket, trimmers ... 1
Alignment, coil data ...
Schematie, socket, trimmers
Alignment, coil data ...
Schematic, voltage, dial data
socket, changes
Record Changer:
Admiral Model RC150
RC

Admiral Model RC160
RCD.CH. 15-11
Admiral Model RC160A
RC

15-2

D.CH. 15-1

D.CH. 15-17

Alignment, parts list . 15-12
5B1, Non-Phono, Issue B ... Schematie, voltage, dial
socket, changes 15-10
Alignment parts list .. 15-12
5B1A, Issue B . Schematic, switch data . 15-11

Record Changer Admiral Model

RC160 RCD.CH. 15-17
Allgnment ... 15-12
ES. s o ST ey yehans s Schematie, alig
trimmers ..ceeviiieiii e 15-13
SF-5F-PH .coovivierinncicsiacsssranans Schematic, alignment, socket,
TriMMErs  ..ocovviviiveiiire i 15-1¢
6A1, Issue B i Schematic, voltage, socket dial

data, changes
Alignment, parts list .
. Schematie, voltage, socket .
Alignment, socket, trimmers, dial
data, change
MB  oooeeccteeiiiiaeieeee e Schematice, voltage, coll
Clarified schemalics
Alignment, socket, trimmers,
Ponts 1St e ieams e e - 15-20
NTE e s o gume Schematic, socket, trimmers,
alignment . 15-21
Clarified schematics
Clarified schematics ...
Schematic, voltage, socket, coil
data L 15-22
Alignment, socket, trimmer,
parts list .o 15-23
TIES " et s it et A e e « o Schematlc, socket, voltage, coil
data 15-24
Clarified schematics ................. 15-25
Alignment, socket, parts list,
trimmers, push button
10A1 Schematic, voltage, socket,
trimmers ...
Clarified schem
Clarified schematics ...
Alignment, trimmers, pusl
ton, dial data
Parts list .........
W\ (R Nt GRS WY, S i Schematic, voltage
Clarified schematics ...
Alignment, socket, trimmers,
COIl  dBHE  saepeisni fuasstmemsremmbs st meem 15-34

15-12
15-16

6E1, 6E1IN

15-17
15-13
15-19

7K

AERMOTIVE EQUIPMENT CORP.
1632 CENTRAL ST.
KANSAS CITY 8, MO.

181-AD . Schematic .o Mige. 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
. Schematic 15-1
Schematic, alignment
. Schematic, alignment ...
Schematic, alxgnment, socket,

trimmers ... . 15-3
Clarified schem @ 15-4
4607, 4607A, 4608, 4608A ... Schematic  .c.cooreenries 15-5
AIRLINE
See MONTGOMERY-WARD
ALLIED RADIO CORP.
833 W. JACKSON BOULEVARD
CHICAGO 7, ILL.

. Schematic, voltage, socket . 15-1
Clarified schematics 15-2

Alignment, socket, trimmers,
chassis, dial dats ... 15-3
BA-127  oooovveiceiieisire i eeessnen e Schematie, voltage, socket . 15-4

Alignment, socket, trlmmers,
chassis, dial ABA  ceoeeerirmrreene 155

AMERICAN COMMUNICATIONS CORP.

306 BROADWAY
NEW YORK 7, N. Y.

159 - J S ————— Schematic

AMPHITRON
See PREMIER CRYSTAL LABS.

ANDREA RADIO CORPF.

43-20 34TH ST.
LONG ISLAND CITY 1, N. Y.

PI1-63 Schematie, coil data, trimmers,

notes 5-1
Clarified schemalics ... 15-2

ANSLEY RADIO CORP.
41 ST. JOE'S AVENUE
TRENTON 9, N. J.
Schematie
Clarified schematics
Alignment
Schematic
Alignment

ARVIN
See NOBLITT SPARKS INDUSTRIES

AUTOMATIC RADIO MFG. CO., INC.
122 BROOKLINE AVL.
BOSTON 15, MASS.
. Schematic, socket, chassis ...
Schematie, socket .

Alignment .

[:3 5 R S Schematic
Alignment

612X eeiereeaetr s s Schematic,
Alignment

613X Schematic,
Alignment

C-60
601, 602

614X, 616X, Early and

Series - Schematic,

Alignment

B30 ..ivcunroermimeraveventeesarsn s o s Schematic,

Clarified schematics

BAD  oiiiiiiecieeereseecsirruasbnesasneraran Schematic, socket

Alignment ...

B50 i v msbnie eV e a0 Schematic, socket

Record changer

Model K ...

Alignment ...

Schematic, socket

Olarified schematics

670 Schematic, socket
Record changer: Seeburg

Model K .. CD.CH. 15-2

Alignment 15-4

Seeburg
RCD.CH. 15-2

660, 662, 666 ..




AUTOMATIC RADIO

CORONADO

AUTOMATIC RADIO MFG. CO., INC.—(Cont.)
MODEL PAGE
G g p gy r————— Schematic, socket .........ccoovuerinin. 15.7

Record changer: Seeburg
Model K
Alignment

BELLE ELECTRONICS CORP.

70 WASHINGTON ST.
BROOKLYN 1, N. Y.

125-P . ivoplon dtuepnesoniossasabomiatod Jhoss Schematic, alignment, socket,
trimmers, notes ... veenee 15-1
126 Y ... sl S Schematic, allgnment socket,
trimmers . 15-2
BELMONT RADIO CORP.
5921 WEST DICKENS AVE.
CHICAGO 39, ILL.
4AB1T e Schematic, voltage, socket,
trlmmers dial data . . 151
Alignment, p.lrts list . 15.2
4B112, 4B113 ..o, Schematlc voltage, socket,
trxmmers dial data .. 15-3
Alignment, parts list .. . 15-2
5D128 Schematic, voltage, socket,
trimmers, dial data ... 154
Alignment, push button, notes,
parts list ., 15-5
6D111, Series A ................. Schematic, voltage, socket,
trimmers . 15-6
Alignment, dial data, pus
butlon parts list . 15-7
8A59 . Schematxc, voltage ... . 158

Record Changer: General Instru-
ment Model 205 ... RCD.CH. 15-5

Clarified schematics . 159
Clarified schematics . 15.10
Alignmeut, socket, trimmers,

dial data 15-11
Push button, parts . 15-12

BENDIX RADIO DIV.

EAST JOPPA ROAD
BALTIMORE 4, MD,

5264, 526B, 526C, 52610,

526E Prehmmary ................ Schematic, voltage, resistance,
alxgnment dial data ..
Parts list T -
636A, 636C, 636D .................. Schematie, voltdge, “yesista e,
alignment, dial data, socket,
trimmers . 15-3
Parts list . 154
646A Preliminary ............ Schematic, voltage, alignment,
ramstance, socket, trimmers,
dial data ... . 155
Parts list . 156

656A Preliminary ... Schematie, voltage, resistance,
alignment, socket, trimmers.... 15-7

Record Changer: General Tnstru-
ment Model 205 ....RCD.CH. 15-5

Dial data, parts list 15-8
676B, 6760, 676D ... Schem'mc voltage, alignment,
socket, trimmers, dial data,
TESIStANCE  .ivcieercveriinrenniiiteienn, 15-9
Record Changer: General Instru-
ment Model 205 ... RCD.CH. 15-5
Clarified schematics 15-10
Parts list 15-8
Schematic . 15-11
Record Changer: General Instru-
ment Model 205 ....RCD.CH. 15-5

Clarified schematics
Clarified schematics
Parts list ..o,
Alignment, socket trmlmers
coil data
Voltage, resistan
switches

BREWSTER
See MEISSNER MFG. DIV.~MAGUIRE INDUSTRIES INC.

BRUNSWICK
See RADIO & TELEVISION INC.

BUICK DIV.—GENERAL MOTORS
FLINT 2, MICH.

- Schematic, voltage, push button.. 15-1
Alignment, socket, trimmers,

980744, 980745

chassis, voltage, socket ... 15.2
Transformer connections, tuner
assembly . 1583

Tuner coils, parts .. 15-4
BUTLER BROS.
CHICAGO, ILL.
N5-RD-250, Chassis 9022N;
N&-RD- 251 Chassis 9022H.. Schematie, voltage socket, dial
data, COIIS oo, v 15-1
Alignment, socket trlmmers,
X gain, note .
Chassis 9022H, 9022N ... See Model N5-

CADILLAC DIV.—GENERAL MOTORS

DETROIT 2, MICH.
MODEL PAGE

T253207 | gy gest o povmetpirnens Srmmagmmmg s Schematic  ...co.ccovvnnrennnieiisee e 15-1
Alignment, socket, trimmers

chassis
Voltage, tuner

former data
Tuner assembly
Parts list

CARR-NAGY CORP.
330 EAST 23RD ST.
NEW YORK 10, N, Y.

100-62 sl . oo gn mose Schematic  ............... v 15-1
Clarified schematics . 152

Aligninent, socket, trim
dial data .. . 15-3

CHANCELLOR
See RADIONIC EQUIPMENT CO.

CHEVROLET DIV.-——GENERAL MOTORS
DETROIT 2, MICH.
985986 ......ccceeciiiiiviienieiene. Schematic
Circuit description,
part 1
Alignment, part 2, socket,
trimmers, replacements

Replacement notes 15-4
Tone control circuit, voltage,

chassis ... . 15-5
Top view chassis ........cco........ 156

Rear view tuner, dial

pointer assembly
Top view of tumer .
Parts list ... Cora

CHRYSLER
See COLONIAL

CLARION
See WARWICK MFG. CO.

COLONIAL RADIO CORP.

254 RAND ST.
BUFFALO 7, N. Y.

600, Chrysler MoPar

Universal ....cooooeviviveein, Schematic, voltage, socket 15-1
Allgnment ................ 15-2

Socket, trimmers, chassis,
dutn, parts list ., 15-3

629, Chrysler MoPar
600 ... Schematie, voltage, socket
Alignment, socket, trimmers.
Dial data, chassis parts list..

PATtS LSt covvovovrveoissererreoron.
671, 671A Chrysler MoPar
01, 602 .o s s ot i emiane Schematic, dial data
socket -
Alignment, ¢ ription.... 15-9
Parts list, socket, trimmers,
S S e et b e Y aEs 15-10

CONCORD RADIO CORP.

901 WEST JACKSON BOULEVARD
CHICAGO 7, ILL.
6D51B, Chassis 571; 6D51I;
Chassis 571A; GDSI\V,
Chassis 571B ... Schematie, chassis ..o, 15-1
Alignment, voltage, socket
trimmers, dial data ...

6D61B 6D61X, Chassis
.......................................... Schematic, €hassis .................
Alignment, voltage, socket,
trimmers, dial data .
6D61P, Chassis 554 ................ Schematic, chassis
Record Changer: Concord
Model 6D3ARC ....... RCD.CH. 15-1
Alignment, voltage, socket,
trimmers, dial data ...
6D62W, Chassis 572 ..., Schematic, voltage, dial
Clarified schematics
Alignment, socket, trimmers,
chassis, parts 18t oevcrrerrnrennnn, 15-9
- See Model 6D61P
See Model 6D51B
See Model 6D62W
- See Model 6D61B

CONTINENTAL ELECTRONICS, LTD.

81 PINE ST.
NEW YORK 5, N. Y.

[T Ry S — R Schematic

CORONET RADIO & TELEVISION (CO.

FRONT STREET
HEMPSTEAD, L. I, N. Y.

A5W i cissiicnssenieiene. Schematie

CORONADO

See GAMBLE SKOGMO INC.
Also see WESTERN AUTO SUPPLY OF CALIFORNIA

Chassis 554 ...
Chassis 571, 57
Chassis 572 ...
Chassis 579

Misc. 15-2




CORONET
See CRYSTAL PRODUCTS CO.

CROMWELL
See W. T. KNOTT

THE CROSLEY CORP.
BROADWAY AT SEVENTII ST.
CINCINNATI, OHLO
MODEL PAGE

46FA, 46FB Schematic, socket, trimmers
Clurified schematics .........
Alignment, voltage, socket
Parts list ...
56FA, 56FB ..o Schematie, soc
Clarified schematwa
Alignment, voltage
Parts 1ist .ooocoeennne
56PA, 56PB Schematie, voltage, socket 15-29
Alignment, trimmers 15-30
Parts list 15-31
56TA, 56TC, 56TW ... Schematic, s 15-8
Clarified schematws - 15-9
Alignment, voltage 15-10
Parts list 15-13
56TA-L, 56TC-L, 56TW-L ... Schematic, socket, trimmniers,
voltage .15-11
Clarified schemutics 15-12
Alignment 15-10
Parts list 15-13
56TG, 56TH, 56TJ, 56TG-O,
SGTH-O 53 0 o S Schematics
Trimmers, socket, chassis . 15-34
Alignment  ............ 15-35

Voltage, socket
Parts list
Schematic, oscillator shunt
coil schematics ...
Trimmers, socket, clias
Alignment ...l 15-35
Voltage, socket
Parts list ...
Schematic, socket, trimmers .
Clarified schematics
Alignment, voltage, parts list
66CA, 66CP, 66CQ ..coccovvrnnnns Schematic, socket, trimmers

Record Changer (Model 66CP) :
Seeburg Modet K RCD.CH. 15-1

General Instrument 204

.................................. RCD.CH. 15-1

(Model 66CQ): General In-
strument 204 ... RCD.CH. 15-1

Clarified schematics .
Alignment, voltage
Parts list .........
66TA, 66TC, 66TW ..cinn Schematic, voltage .
Clarified schematics
Alignment, socket, trimmers .
Alignment notes, parts list

56TG-M, 56TH-M, 56TJ-M ...

56TX

106CP — Schematic ... oo oeeerenmrein 15+24
Record Changers: Seeburg
Model L ... RCD.CH. 15-18

. 15-25

Clarified schematic 3
. 15-26

Clarified schematics ...
Alignment, voltage, socket,

trimmers
Push button, parts list

.. 15-27
. 15-28

CRYSTAL PRODUCTS CO.
1519 McGEE TRATFFICWAY
KANSAS CITY, MO.

C-2 0oronet ..ocoeeceeimnirnreeeien Schematie
Alignment, parts lis

DELCO IRRADIO DIV—GENERAL MOTORS
KOKOMO, IND,
R-1234, R-1235 ..o IRy Schematic .o 15-1
Alignment, socket, trimmers,
dial data, voltage
Chassis, coil data, parts list

153

DEWALD RADIO MFG. CORP.
440 LAFAYETTE ST.
NEW YORK 3, N. Y.
A500, A501, A502, A503 . Schematic, alignment ... ... 15-1
A602, A605 Schematic, alignment .
Record Changer: General Instru-
ment Model 204 ... RCD.CH. 151

ECHOPHONE RADIO
A HALLICRAFTERS PRODUCT

4401 WEST FIFTH AVENUE
CHICAGO 24, ILL.

. Schematie, voltage, coil data ......
Clarified schematics
Alignment, socket, trim
Dial data, sensitivity, chassis ...
Parts list

EC-600  .iviivrisveersarsenasmmsanmanenessases Schematic, sensitivity, note ..

Alignment, socket, trimmers

Dial data, voltage

Chassis, parts list ...

EC-112, EC-113

o bk et ek e e e
GG G
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CORONET
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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 . 15-3
Alignment . 15-6
Dial drive assembly . 15-4

104, 105, 106, Barly Schematic . 15-1

Record Changer: General Instru-
ment Model 205 ...... RCD.CH. 15-5
Alignment, voltage, socket,

trimmers, dial data e 15-2

108 .. Schematic, voltage . 18-7
Alignment, socket, trimmer,

chassis . 15-8

Dial drive data, notes . 159

Parts list, notes . 15-10

121, Chassis AP .. . Schematic 15-5

Alignment . 15-6

Dial drive assembly . 154

ELECTROMATIC MFG. CORP.
88 UNIVERSITY PLACE
NEW YORK 3, N. Y.

.. Schematic
. Schematic

ELECTRONICS LABORATORIES, INC.
122 WEST NEW YORK ST.
INDIANAPOLIS, INDIANA
2701 Schematic, voltage, socket ........ 15-1
Alignment, trimmers, dial dat
parts LSt .o 15-2

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
120,087 e Schematic, voltage, alignment ... 15-1
Socket layout
Parts list ...
Schematic, chassis ...
Alignment, voltage, parts list ...
Socket, battery data .. .. 15-13
506, Chassis 120,008 ........cccceee Schematic, voltage .
Record Changer:
General Instrument Model
204  .mermamaseop . RCD.CH. 15-1
General Instrument Model

505, 523, Chassis 120,002 ......

205  ciaigors s st RCD.CH. 15-5
Alignment, dial data, parts list. 15-6
Socket 1ayout ..ocoiicieiiiiinnnee 15-12

507, 509, 511, 517, 518, 522,
541; Chassis 120,005,
120,010 . Schematie, revision

Alignment, voltage .

Socket layout

Parts list ...

Schematic, voltage, notes .

Alignment, parts list ..

Socket, battery data ..

. See Model 507

See Model 501

. See Model 507

120, 006 Schematic ..........
Socket layout ..
517, 518 See Model 507
519, 520 See Model 501

522 e ... See Model 507

523 See Model 505
25 . mcewassasaiysal e e wc i nn See Model 501
539 See Model 501
541 . See Model 507
Chuss1s N See Model 501
Chassis 120,002 . See Model 505

Chassis 120,003
Chassis 120,005
Chassis 120,006
Chassis 120,008
Chassis 120.010
Chassis 120,029
Chassis 120,030
Chassis 120,037

See Model 506
See Model 507
See Mode! 512
See Model 508
See Model 507
See Model 501
Sea Model 501
See Maodel 501

ESPEY MFG. CO., INC.
528 EAST 72ND ST.
NEW YORK 21, N. Y.

RR-18L0 oo mmrmmmanansanss s sowe s ventiony Schematic
Clarified schematics .
B AT oo oo e Schematic ..oooveeeennne
Clarified schematics .
Qlarified schematics .
Socket, trimmers
... Schematic
. Schematie
Clarified schematics .
Socket, triramers, notes, parts
1St " chaie e B oe oo S + v S b 15-10

. 15-1




ESPEY
GALVIN

ESPEY MFG. CO., INC.—(Cont.)
MODEL PAGE
651, 652, 653, 6511, 6511/2,
6514, 6516, 6520, 6541,
6545, 6547, Chassis }'J-97.. Schematic, alignment, socket,
trimmers
Dial data, parts

- 15-11
. 15-12
6511, 6511/2, 6514, (516,

6520, 6541, 6545, 6547 ... See Model 651
6611, 6613, 6630, 6632,
6634, Chassis FJ-97TA ... Schematic ....cccocovvrvereccenneeniee 15-13
Record Changer: Seeburg
Model K ...RCD.CH. 15-2
Clarified sch
9162 Schematic ...............

Clarified schematics . 15- 16

FADA RADIO & ELECTRIC CO., INC.

30-20 THOMSEN AVE.
LONG ISLAND CITY 1, N. Y.

(310 A1 | (e ——— Schematic ....ccooivervvnernceenieseiieennns 15-1
Record Changer: General Instru-
ment Model 205 RCD.CH. 15-5
605 . Schematic 15-2
Alignment, socket, trimmers,
parts list ..
609 Schematic
Alignment,
parts list
652 Schematic
Alignment, socket, trimmers,
parts list
1000 L Schematic
Alignment,
parts list

FARNSWORTH TELEVISION AND RADIO CORP.
FORT WAYNE, INDIANA
ET-060, ET-061, ET-063

Chassis C-150 ......cccoemvecaen, Schematic, voltage, resistance ...
Clarified schematics ...................

Alignment, socket, trimmers,
dial data
Parts list, notes .

ET-064, ET-065, Chassis

0-158; ET-066 Chassis

=159 it Bt ra et b Schematic, voltage, resistance ... 15-5
Alignment, socket, trimmers,

dial data
Parts list ..
See Model E
See Model KC- 260
See Model ET-064

Qhassis C-150 ...
Ohassis C-152, 15
Chassis O- 158 0-159

Chassis C-162 ............ . See Model EC-260
EC-260 Chassls C-162;
EK-262, EK-263, EK 265,
Chassis (-152; BK- 264,
Chassis C-153 ..coccvnernveccns Schematic, voltage, resistance ... 15-8
Record Changer: Farnsworth
Model P-51 .......... RCD.CH. 15-1

Alignment, socket, trimmers,
dial data
Parts list

... 15-9
- 15-7

THE FIRESTONE TIRE & RUBBER (0.
AKRON 17, OHIO

Adam See Model 4A21
Oommentator .. See Model 4A2
DeLuxe ... .. See Model 4B2
Interceptor .. See Model 4A23
Rhapsody . See Model 4A31

. See Model 4B1
Schematie, voltage, socket, coil

Supreme ..
4A2, Commentator

data 15-
Alignment, trimmers, dial data.... 15-
Gain dabts wodimiis e e 15-

4A20 e Schematie, coil and gwitch data

Clarified schematics ............ .

Alignment, socket,, trimmmers

Gain, voltage

4A21, 4A22, Adam ... Schematie, voltage, socket,

switch data, notes

Clarified schematics ...

Alignment, socket, trimmers

Gain, coil and dial data

Push button data

4A21X, 4A22X Schematie, voltage, switch data,

socket

Clarified schematics

Alignment, socket, trimmers

Push button and dial data

Gain data, notes ......

Coil data, parts list

4A23, Intprceptor ... Schematic, voltage, socket,

switch data

Clarified schematics

Alignment, socket, trimmers,

notes .

Gain, dial
dress

- Schematic, voltage, gain

Alignment, socket, trlmmers

chassis

Parts list

THE FIRESTONE TIRE & RUBBER CO.—(Cont.)

MODEL PAGE
4A25 . Schematic, gain .ocovrirviiicee. 15-26
Allgnment socket, trimmers,
chassis 4

Voltage, parts list .. 15-12
4A31, Rhapsodly ........................ Schematic, voltage, resistance ... 15-28
Alignment, socket, trimmers,
dial data, parts list ......... 15-29
4B1, Supreme ............ ... Schematic, gain, voltage, re-
sistance

Record Changer:
Model P-51 .....ccoeuena. RCD.CH. 15-1
Push button, assembly, notes ... 15-31
Alignment,  socket, trimmers,
PATES LISt civcccorecnnircssmurenconmonans 15-32
4B2, DeLuxe ..........eeee.... . Schematie, alignment, socket,
trimmers
Voltage, resistance, assembly
Parts list
4A43 .. Schematic 15-37
Record Changer: Detrola Model
550 | i’ i . RCD.CH. 15-1
Alignment,  socket, i

dial data o
Voltage, chassis, 15-39
7398, 7398-9Z - Schematic .cccccovvvrurrivenoinnnns 15-35

Alignment, socket, trimmers . 15-36

FLUSH WALL RADIO CO.

15 WASHINGTON ST.
NEWARK 2, N. J.

19 S S = e Schematic . 164
GALVIN MFG. CORP.
1545 AUGUSTA DBOULEVARD
CHICAGO 51, ILL.
Chassis HS-1 . See Model 55X11
Chassis HS-2 See Model 65X11
Chassis AQ3 .. See Model 47-D1
Chassis AQ4 .. See Model 49-B
Chassis AO5 . .. See Model 50-P
5A1, Chassis ‘HS6 Schematie, voltage, socket ... 15-1
5A5 Chassis HS-15 Schematie, voltage, socket . 15-2
Chassis B5-1 . - See Model 52T
Chassis B5-2 .. See Model 56T
Chassis 6-3 .. .. See Model 6X
Chassis 6-5 .. See Model 6A1
Chassis 6.6 .. .. See Model 6X
Chassis AO6 . See Model 46-C
6A1, Chassis 6-5 . S(‘hemutlc 15-3
Clarified sch 154
Alignment ... 15-5
D6 .. Schematic 15-6
Alignment 15-13
6X, Chassis 6-3, 6-6 .. Schematic ... . 15-6
BKS6, Chassis AS-22 - Schematic, voltage, socket . 15-8
Alignment .

CR-6, Chassis AS-19 ........... Schematic,
Alignment ...
CT-6, OE-6, PC-6, Chassis
AS-24, AS-18, AS-23 .. . Schematie,
Alignment
FD-6, NH-6, Chassis AS-27,
AS-30 tot it e s Schematie,
Alignment
Chassis HS-6 . . See Model
OE-6, PC-6 .. Sea Model

Chassis HS-7

E See Model
Chassis HS-8 .

See Model 45B12

T-8 Schematie, alignment . 15-13
9-39 Schematic 15-14
Voltage 15-15
Alignment, socket, trimmers,
gain, sensitivity 15-16
Parts list
10T Schematic ... 15-18
Chassis Seo Model 49-BU
Chassis See Model 405
Chassis See Model 505
Chassis - See Model 605
E15T, E16T, E19T,
E23T Tuners ................ Schematics, mnotes .. 15-19
Parts list . 15-20

Chassis HS-15 ..
Chassis AS-16
Chassis E16T

See Model 545
. See Model 705
See Model E15T

Chassis - Sea Model 47-D2
Chassis . Ses Model 47-D2A
Chassis . Ses Model OE-6
Chassis . See Model CR-6
E19T See Model E15T
Chassis . See Model BK-6
E22T .. . See Mode! E15T
Chassis ... See Model PC-6
23T See Model E15T
Chassis ... Sea Model CT-6
Chassis . See Model 65F21
Chassis . See Model FD-6
Chassis . See Model 302
Chassis See Model 352
Chassis . See Model NH-6
Chassis . See Model 452
Chassis . Sea Model 65F11
Chassis . See Model 552

Chassis - See Aodel 65T21



GALVIN MFG. CORP.—(Cont.)

MODEL
Chassis HS-33
39B-1

39B-2

45B12, Ohassis HS-8 .ceveeennne

46-C, Chassis AO6
47-D1, 47-D1A, Chassis AO3

47-D2, Chassis A-17; 47-D2A,
Chassis A-18 .

49-B, Chassis AOQ4; 49-BU,
Chassis ALl .ivrnneirarrrennne

50-P, Chassis AO5 ..ccciiicrinicne
Chassis HS-50 ...

Chassis HS-51 ..
52-8 ..

52T, 52Y; Chassis B5-1 ..........

55X11, 55X12, 55X13, Chassis
HSl 55X11A 55X12A
55X13A Chassis HS8-50 ...

55X11, 55X12, 55X13, Chassis
HS-1 -

55X11A, 55X12A, 55X13A4,
Chassis HS-50
56T, 56Y, Chassis B5-2 ..

57BP1A, 57BP2A 57BP3A
5TBP4A

65F11, 65F12, Chassis HS-31

65F21, Chassis HS-26

65L11, 66L12, Chassis HS-7

65T21, Chassis HS-32;
65T21- B, Chassis HS-67

65T22, Chassis HS-33

65X11, 65X12, 65X13, 65X14,
65X14B Chassis HS2
65X11A, 65X124A, 65X13A
65X14A., 65X14BA Chassis
HS-51

65BP1A A65BP2A 65BP3A,

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

552, Chassis A-32

605, Chassis AS-15

. Schematic,

PAGE
See Model 65T22
Schematic, voltage, socket ... 15-21
Dial data, gain, sensitivity ... 15-22
Dial data, alignment, socket,
trimmers . 15-23
Parts list . . 15-24

Schematic, ze, socket . 15-25
Dial data, gain, sensitivity . 15-22
Dial data alignment, socket,

trimmers 15-23
Parts list . 15-26
Schematic ... .. 15-27
Alignment, socket, trimmers,

dial data . 15-28
Chassis, voltage .. 15-29
Parts list . 15-30

1531

socket .
.. 15:32

Parts list ..

Schematic, 15-33
Parts list .o . 15-34
Schematic, voltage, socket ... 15-36
Parts list 15-35

15-37
.. 15-38
.. 15-40
. 15-41

Schematic, voltage,
Parts list
Schematic,
Parts list

.. Seo Model 55X11A
. See Model 65X11A

Schematic, voltage, socket . 15-42
Parts list .o 15-43
Schematic 15-44
Algnment .o 15-5
Schematic, dial data, note ....... 15-45
Alignment, voltage, socket,
trimmers, resistance . .. 15-48
Parts list, dial data . 15-49
. Chassig 15-46
.. Chassis ...coccee . 15-47
. Schematic ..... 15-51

Clarified schematics 15-52
Alignment note . 15-5
Alignment, voltage, socket,
L3010 0110 o S 15-55
.. Schematic, voltage, alignment,

socket, trimmers ..15-564
Gain, sensitivity, parts list 15-55
Schematic, notes .. . 15-85
Record Chunger

B-24RC ..o d . 15.1
Voltage, resistance, dial data ... 15-86
Alignment, socket, trimmers 15-87

Bottom view of chassis ..

Parts list .ooocoiccniine 15-89
Schematie, voltage, socket ........ 15-56
Record Changer: Galvm Model
B-24RC e D.CH. 15-1
Olarified schematics 15-57
Schematic, voltage, socket 15-53
Alignment, socket, trimmers . 15-59
Chassis . 15-60
Parts list . . 15-61
. 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 dBta cerymemses oo -masesmermEE oo 15-67
Chassis 15-68
b o) SR ) A ——— 15-69
Schematic, voltage . 15-70
Parts list .oecoeicien . 15-71

See Model 65T21B
Schematic, voltage, socket ..

Parts list .cvrinvnnrmecrennnes . 15-73
Schematie, voltage, socket . 1594
Parts list .coccicormiierennrannas 15-73
Schematic, voltage, socket 15-75
Alignment, trimmers 15-9
Parts list coiiiiinne 15-73
Schematic, v 15-76
Parts list 15-73
Schematic, 15-77
Alignment, 15-9
Schematic .vvcvieriiriinanene 15-78
Alignment, gain, sensitivity,
socket, trimmers -
Parts list .ot
Schematic, voltage, socket
Parts list co.gemceerromemions 15-82
Schematie, voltage, socket 15-83

Alignment, trimmers . 15-9

GALVIN
GENERAL ELECTRIC

GALVIN MFG. CORP.—(Cont.)

MODEL
705, Chassis AS-16

PAGE

. 15-84

Schematic, voltage, socket .
. 15-9

Alignment, trimmers

GAMBLE-SKOGMO INC.

700 WASHINGTON AVE. N.
MINNEAPOLIS, MINN.

A3-6451 i eresesiniaranne Schematic .
Alignment, et,
coil conmnections, dial data 15-4
43-8213 i ransserssaasee Schematic .rooereimearmnnes 15-1
Alignment,  socket,
voltage, dial data
PR 3R : 1.1 1 SRR Schematic
Socket, trimmers,
chassis, parts list .oeaec 15-6
GAROD ELECTRONICS CORP.
70 WASHINGTON ST.
BROOKLYN 1, N. Y.
5A2 Schematic, alignment, socket,
FLITAIMETS .veeererrrcinsracesnarssresssiranaen 15-1
5D Schematic, alignment, socket,
FUIINIETS  eerreeraarsssaresmsarsossasnasrarrse 15-2
6AU-1 . Schematic, alignment, socket
trimmers, 15-3
EBU-TA .oicrimiriessreesartassssnsaes Schematic,
trimmers 15-4
6DPS, 6DPS8 e Schematic, socket, trimmers ........ 15-5
Record Changer: Seeburg Model
- ————— D.CH. 15-2
Olarified schematics, allgnment 15-6
GENERAIL ELECTRIC CO.
1285 BOSTON AVE.
BRIDGEPORT 2, CONN.
50 Schematic, voltage, socket, dial
drive, alignment, trimmers ... 15-1
Notes, changes . 15-2
Clock service .. 5
Gain, dial drive data, parts llst 15-4
YRB60-1, YRB60-2, .corvrunnenne Schematlc alignment, voltage,
socket, trimmers ... 15-5
YRB67-1, YRB67-2, YRB82-1 Schematic, alignment, voltage
socket trimmers 15-53
Parts list ..o
100, 101, 103, 105; Under
Serial No. 5000 .ccecrriinnans Schematic, specifications ... 15-6
Alignment, gain, voltage, dial
data, socket, trimmers ........ 15-8
100, 101, 103, 105; Above
Serial No. 5000 Schematic, changes ... 15-7
Alignment, gain, voltage, dial
data, socket, trimmers ........ 15-8
106  veeeeiriinereeeeerineeenar e snasssenaasenee Schematie, voltage, socket, gain 15-9
Alignment, trimmers, dial data,
parts list, changes 15-10
110, 111 i . Schematic ...cooorennae 15-11
Alignment, voltage, sock
trimmers, dial data ... 15-12
XB-121, XM-121, XR-121,
XB: 2"1 NM-221, XR- 221 .. Schematic, dial drive ... 15-13
Alignment, trimmers, gain,
specifications . 15-14
Voltage, notes, parts list .. 15-15

X-150, X-150C, X-150V

X-153, X-153A1, X-153-D2 ...

X-181V, XC-181V, XP-181V,
X- 1810 X(-1810 X-182V
Preliminary

200, 208, 205 .cooririimrsssrmerienee

219, 220, 221

XB-221, XM-221, XR-221 ...
250

. Schematic, coil and switch data 15-16

Record Changer: Webster Model
66 idgemrmionapaime s RCD.C
Olarified schematics
Alignment, socket, trimmers,
gain
Voltage, socket
Power supply co
parts list
Schematie, dial data ...

Record Changer: Webster Mo
................................ RCD. CH 15-10

Alignment, socket, trimmers,
gain . 15-19
Voltage, s0cket .ocoorieimenonesrane 15-20

Power-supply conversion, notes,
parts list

SChEMALIC .eerreimemsmeseerianartaseecrtransanrs 15-22
Record Changer: Webster Model

56 RCD.CH. 15-10
.. 15-23
.. 15-24

Clanﬁad
Clarified schematics .
Alignment, voltage, socket,

trimmers . 15-25
Parts list .. . 15-26
Schematic, voltage, socket .. . 15-55
Alignment, gain, socket,

trimmers, dial data . 15-56

. 15-54
. 1528
. 15-29

.. 15-30
. 1531

Parts list
Schematic, coil data
Clarified schematics ...
Alignment, socket, trimmers,

dial data
Voltage, gain, parts list
See Model XB-121
Schematic, voltage,

data,

dial
coil and switch data ...
(Cont_mued)

socket,
15-32



GENERAL ELECTRIC
HALLICRAFTERS

GENERAL ELECTRIC €O.—(Cont.)

MODEL
250 (Cont.) . Notes, changes ..
Alignment, socket, trimmers 15-34
Power supply, charger, and dis-
assembly DOtes .o...cocceoeoeverveennn. 15-35
Gain, battery data, parts list ... 15-36
303 bchemntlc, coil and switch data 15-37

Record Changer:
General Instrument Model
RCD.CH. 15-5

Alignment, trimmers ................. 15-38
Dial data, voltage, socket,
gain, parts LiBE @ gagtqannnbine: o ekl 15-39
X-317V, X-317C, X-317D2,
XH- 713V XH- 713C,
XH- 713D2 Prehmmary ...... Schematic, transformer data ... 15-40
Clarified schematics .. 15-41
Clarified schematics .. 15-42
Alignment, voltage .. 15-43
Parts list ...cceen. . 15-44
321 Early ..o Schematie, gain, dial data .. 15-45
Alignment, socket, trimmers ... 15-47
Voltage, parts St s e minstabm 15.48
321 Late .cccoriniiiiiiiiieenenene Schematlc, alignment,
trimmers, dial data 15-46
Parts list .. .. 15-52
326, 327 .. . Schematic, coil and switch data,

vo]t'xge, BOCKEL b rmminats ot dume Basa 15-49
Record Changer (Single Post):

General Instrument Model

204 ...oot.. i coyos RCD.CIH. 15-1
(Two Post):

Seeburg Model K .. RCD.CH. 15-2
Clarified 3chematics ................ 15-50
Alignment, socket, trimmers,

dial data . ... 15-51
Parts list ... .. 15-52

XH.713V, XH 713C,
XH-713D2  cooocvirrnnrrririiraans See Model X-317V

GENERAL TELEVISION AND RADIO CORP.

2701-17 LEHMANN COURT
CHICAGO 14, ILLINOIS

1A5, A5, 5A5, 19A5 ... Schematic, socket,

dial data ..

Alignment ...

Voltage, rest

Chassis view

9A5, 15A5, 17TA5 ... Schematie, socket,

dial data ..

Alignment ......

Voltage, resistance, gain

Chassis view
.......................................... Schematie, Volt‘l"’ﬂ, resistance,

socket, trlmmers dial data ... 15-5

Ahgnment

Chassis view

Gain data ...

See Model 9A5

. See Model 9A5

. See Model 1A5

trimmers

trimmers,

. 15-3

GILFILLAN BROS., INC.
1815 VENICE BOULEVARD
LOS ANGELES 6, CALIFORNIA

56A, 56B, 56C, 56D .............. Schematic, socket, voltage Misc. 15-5

GLOBE ELECTRONICS INC.

225 WEST 17TH ST.
NEW YORK 11, N. Y.

5BP1 Schematic, socket, trimmers ... 15-1

62 Schematic, socket, trimmers,
alignment, clarified schematics 15-2

601, 6U1 . Schematie, socket, trimmers ...... 15-1

B. F. GOODRICH CO.
AKRON, OHIO

R643-PM, R643W . Schematice, voltage, socket, dial

and coil data .ciiiiiiiionnn, 15-1
RO43-PM .ooiiiiiciicianirenieceniennns Alignment, socket,
parts list ...
Alignment, socket,
parts list
Schematie, voltage,
Alignment, socket,
dial data
. Schematic, voltage,
notes

Alignment, socket, trimmers,
PArts LISt .ociieidamnts coiiommissegins 1527

R655-W ot iecicrectrenteaenn Schematic, voltage, dial and
switch data ... 15-8

Alignment, socket, trimmers,
parts list 15-7
. Schematie, voltage, change 15-9

Ahgnment socket, trlmmers
dial data ... e 15-10

R664.PM, R664-PV, R664-W Schematic, voltage, “dial and
coil  dats  .ccvcviiniinc e 15-11

Alignment, socket, trxmmers,

parts list s erTegutie 45

. 15-12

W. T. GRANT CO.
1441 BROADWAY

NEW YORK 18, N. Y.

MODEL
605, 606, Series A ........

........... Schematic, dial data ... 15-1

Alignment, socket, trimmers,
push button notes
Parts list

GRANTLINE

See W. T. GRANT CO.

THE HALLICRAFTERS (O.
4401 WEST FIFTH AVENUE
CHICAGO 24, ILL.
CN-1, Converter . Schematic, trimmers, mstallatlon 15-1
Adjustments -
Installation and operation 15-3
Skyrider 5-10, 821 ..., Schematic ... 15-4
Clarified schem, ® . 15-5
Alignment, socket, trimmers 15-6
Parts list ... .. 15-58
S-36A Schematic 15-7, 8
Clarified schematics .. 15-9
Power requirements, prepara-
tion for use ... 15-10
A-M operation 15-11
F-m and c¢-w operation . 15-12
Detailed functioning by stages,
block diagram ..o 15-13
Periodic adjustments, tuning
meter aligning notes,
i-f alignment ........ 15-17
Preventive maintenance . 15-16
Trimmers . 15-18
Discriminato mer 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 ... 15-26
Chassis view 15-27
Rear view .. 15-28
Parts list, part 1. 15-29
8-37 Schematic o 15 35, 36

S-38, Early and Revised

S-40 Early
S-40 1st and 2nd Rev

S-40

S-40 Early ..
S- 40 Rewsed

S-4
S- 4lG Tsdiw

Detailed functioning by stages,
block diagram . ..
Detailed functioning,
a-¢ and d-c operation . 15-39
A-m and f-m operation 15-40
Preventive maintenance, perlodxc
adjustments, tuning meter . 1541
If alignment 15-42
Trimmers .. 15-43
If alignment concluded, dis-
criminator and r-f ahgnment 15-44
Voltage chart 15-45
R-f alignment concluded, voltage

15-37

notes 15-46
Resistance chart . . 15-47
Resistance notes, transformer

resistance .. 15-48
Top view . 15-49

15-50
15-51
- 15-52
.. 15-59
. 15-60
15-61

.. 15-62
. 15-63
15-64

Chassis view
Rear view .
Parts list .
........ Schematic, vol
Clarified schematwa
Olarified schematics ..
Alignment, trimmers,
selectivity, notes
Chassis, control settings
Dial data, parts list
.. Schematic
. Schematics, voi
switch data
.......... Clarified schematics
Clarified schematics
Power requirements, a-¢ and
d-c operation, phone reception 15-71
C-w reception, notes ............ 15-72
Detailed functioning by stages,
block diagram .. . 15-73
Preventive mainten
alignment . 15-76
Trimmers ... . 15-77
Bfo and r-f alignment 15-78
. 15-79
. 15-80

R-f alignment, part 2
Resistance chart
R-f alignment, part 3, voltage

and resistance Botes ... 15-81
Transformer resistance, tube
complement . 15-82

Top view ... 15-83
.. Chassis view 15-84
. Chassis view ... 15-85
. Selectivity, sensitivity, part llst 15-86
Schem&tlc, control settings ...... 1
Clarified schematics
Alignment, trimmers

f 15-89



ITAMMARLUND MFG. CO., INC.

460 WEST 34TH ST.
NEW YORK 1, N. Y.

SP-400-SX

PAGE
Schematic, socket, trimmers .. 15-1, 2
Clarified schematics .. . 15-3
Clarified schematics 15-4

Technical description, part 1
Alignment
Voltage, parts list
Schematic, voltage,
resistance
Clarified schematics
Clarified schematics
Installation notes
Operating notes .
Power cable connections, power
supply views, layout ...
Circuit deseription, part
Circuit description, part 3,
power-supply diagram ... . 15-21
Continuity tests, alignment,
trimmers
Parts list, part 1 ..
Schematie, parts list
Clarified schematics
Clarified schematics
Alignment, part 1 ...
Alignment, part 2, trimmers
Parts list, concluded

HOFFMAN RADIO CORP.

3761 S. HILL ST.
LOS ANGELES 7, CALIF.

Chassis 100, 100S ..
Chassis 101, 1018
Chassis 102 ...
Chassis 103 ...
Chassis 107, 1078

Chassis 1088, 1088T
A200, A302, Chassis 103 ...

A300, Chassis 100, 100S .......

A301, Chassis 101, 101S .......

A401, Chassis 102 .

A500, Chassis 107, 1078 ........

A501, Chassis 1088, 108S8T .

. Schematie, voltage, alignment

. See Model A300

See Model A301
See Model A401
See Model A200
See Model A500
See Model A501

socket, trimmers, chassis

Schematic, socket, trimmers,

chassis, change ... 15-2
Alignment, voltage, chassis ........ 15-3
Schemalic, change, push

DUtION  cocmsmmiv e ommrrmsmmmm s 15-4

Alignment, voltage, socket,
trlmmers, chassis ..

... See Model A200
. Schematic, socket, trimmers ........ 15-5

Record Changer: General

Instrument Model 205
RCD.CH. 15-5

Alignment, voltage

Clarified schematics
Clarified schematics
Alignment, voltage, socket,
trimmers, notes .......
Chassis, changes, parts list

Schematie, socket, trimmers ........ 15-5
Record Changer: Seeburg

Model K RCD 5-2

Al'gnment voltnge - 5-3

Schematie o 5-6
Record Changer ter

Model 56 RCD.CIH. 15-10

.. 15-7

5-8

HOWARD RADIO CO.

1731 BELMONT AVE.
CHICAGO 13, ILL.

901, 901AK, 901AH,
901AI, 901AM, 901AW ...

Schematic, voltage, alignment,

socket, trimmers o 15-1
Parts list . 15-4
O oo e Schematic, change, socket,
trimmers
Alignment
Parts list
OO1AP  cmrivarmmiiims: . i demeidte o o0 Schematic, voltage, socket,
trimmers, change .............. 15-3
Record Changer: Wester
Model 50 R . 15-1
Alignment . 15-1
Parts list ... 15-4
920 Schematic, socket, trimmers . 15-5
INDUSTRIAL ELECTRONIC CORP.
505 COURT ST.
BROOKLYN 31, N. Y.
TV VB . cogmone e oscorse -Toupigis combgioesmed Schematic, changes ... Misc. 15-6
INTERNATIONAL DETROLA CORP.
BEARD AVE., AT CHATFIELD
DETROIT 9, MICH.
420 Series . Schematie, socket, trlmmers . 15-1
564 . Schematic 15-2

Record Changer

Model! 550 15-1
Alignment, sock

dial data
Voltage, chassis, parts list 15-4
Schematic, dial data ........ . 15-5

(Continued)

HAMMARLUND
LEWYT

INTERNATIONAL DETROLA CORP.—(Cont.)
MODEL PAGE

558 (Cont.) Record Changer: Detrola
Model 550 ....cccoevuenn RCD.CH. 15-1
Alignment, voltage, socket,
trimmers, chassis ..

Parts list
568 Schematie

Clarified schematics
Alignment, sccket, tnmmers
Voltage, chassis, parts list
571A, 571B .....eveeeee resnssenennens SChematic
Alignment, socket, trimmers,

dial data ......
Voltage, chassis, pnrts llst
BYIX e s Schematic
Alignment, socket, trimmers,
dial data
Voltage, chassis, parts list
572 3 Schematic, dial data ...
Clarified schematics .....
Alienment, voltage, socket,
trimmers, chassis ..
Parts list wsmeremem
BT6 wowmmriremms bims R e 004 5300000 Schematie, dial data
Alignment, voltage, socket,
trimmers, chassis .
Parts list
F) oo s Schematie, chassis .
Alignment, voltage, socket,
trimmers, dial data ...
Parts list

JEFFERSON-TRAVIS CORP.

245 EAST 23RD ST.
NEW YORK, N. Y.

Schematic
Clarified schematics

KAAR ENGINEERING CO.

611-619 EMERSON ST.
PALO ALTO, CALIF.

Schematie
Clarified schematics
Clarijied schematics ..
General notes, installation,

PATl 1 npmremmivmmgemrme syt 15-5
Installation, part 2, operating

notes
Operating instruections, part 1... 15-7
Operating instructions, part 2,

maintenance, alignment,

part 1
Socket, trimmers
Parts list

KERNWOOD RADIO CORP.

146 OLIVER ST.
BOSTON 10, MASS.

. Schematic, voltage ........... Mise. 15-7

KETAY MFG. CORP.
18 WEST 20TH ST.
NEW YORK 11, N. Y.
. Schematic, voltage, alignment
Mise. 15-8

. 15-6
15-7
15-8
15-9

MR2B

KE-23AT

. 15-8
C 1513

W85146

RP507T

EKNIGHT
See ALLIED RADIO CORP.

W. T. KNOTT CO.
128 WEST 31ST ST.
NEW YORK 1, N. Y.
651, 653, 6541,
6545 6547 6560 .................. Schematie, alignment, socket,
trimmers, dial data ......Misc. 15-9
Record Changer: Seeburg
Model K .oocoenieninnnn RCD.CH. 15-1

LAFAYETTE
See RADIO WIRE TELEVISION

LEAR, INC.

110 IONIA AVE,, N.W,,
GRAND RAPIDS 2, MICH.
Schematic
Alignment, v ge, -socket,

trimmers, loop

15-1
15-2

561, 562, 563 ..

(51 I Schematic ... 15-3
Clarified echamahcs 15-4
Alignment, socket, trimmers 15-5
Voltage, dial dnt-x loop 15-6
6614, 6615, 6616, 6619 ... Schematic, voltage ... 15-7
Alignment, socket, trlmmers,
dial data, 100D .occveriiiiiinnninnnnns 15-8
LEWYT CORP.
60 BROADWAY
BROOKLYN 11, N. Y.
605 .. Schematic . 15-10
615 . Schematic .. . 15-10
Record Changer: Webster
Model 56 ..cooivirinennns RCD.CH. 15-10



LINCOLN
MAJESTIC

LINCOLN RADIO TELEVISION CO.

833 WEST JACKSON BOULEVARD
CHICAGO 17, ILL.

MODEL
54-110

A-106P

CR-143, CR-145 (Revised)

CR-163, CR-164

CR-185

CR-187

CR-189A, CR-189B

CR-190A, CR-190B

CR-192A, OR-192B

............ teresreenneseennnnen. Schematie, voltage, socket

Ahgnment, socket, trimmers,
chassis

LYRIC

See RAULAND CORP.

MAGIC TONE
See RADIO DEVELOPMENT & RESEARCH

THE MAGNAVOX CO.
FORT WAYNE 4, IND.

Models Identification ...........

- Schematie,

NOWES  &udcifoncte. vt sdoamrmidonds novoiend 15-79
Style nos. C101G11 to C103G15 15-80
Style nos. C103G16 to C105G15 15-81
Style nos. C105G16 to

EA-30TP10 .o 15-82
Style nos. EA-401 to TPR-337 15-83
Style nos, TPR-338 to CPR-401 15-84
Style nos. CPAR-402 to

CPAR-457 .. . 15-85
Style nos. CPAR 458 to

CPAR-506 ..coovenirrecernrsrssarmanonnas 15-86
Style nos. CPAR-507 to

CPAR-55T  woeeieiiiinieieeecenanenans 15-87
Style nos CPAR 558 to

CPAR-G13  weoeieciicrciiccnvesens 15-88
Style nos CPAR 614 to

CPAR-661 . 15-89
Style nos CPAR 662 to

CPA-3001L e e 15-90

. Schematlc voltuge, socket,

notes . 15-1
Socket, cliassis, notes 15-2
Parts list ..oooceeeenns 15-3
Schematie, voltage 15-4
Parts list .coeceee. 15-5
Schematic, voltage 15-6
Parts list 15-5

voltage
Clarified schematics .
Alignment, socket, trimmers,
chassis
Notes, parts list .
Schematic, notes, voltage,
socket
Clarified schematics .
Alignment
Parts list

. Schematic, voitage,

. Schematic, voltage, socket,

socket
Clarified schematics .
Alignment .
Parts list

gain ... e 15-21,

Record Ch
RCD.CH. 15-10

g
Model 56

Clarified schematics . . 15-23
Chassis layout 15-24
Dial data . 1525
Condenser drive adjustments,

part 1 . 15-26
Socket, trimmers, notes 15-28
Alignment . . 1529
Parts list 15-30
Schematic, voltage,

BOCKEL | drmimaintblusses surist fumnsmas 15-31, 32
Record Changer: Webster

Model 56

Clarified schewmatics .
Dial data
Condenser dnve adjustments,

part 15-26
Gain, socket 15-34
Alignment - E
Chassis

F-7:33 « SR , 38
Clarified schematics . 15-39
Chassis, socket, trimmers 15-40
Alignment ... 15-41
Dial data 15-42
Parts list B

Schematie, voltage,

rocket - 15-43, 44

Clarified schematics .. 15-45
Dial data .ocoovovernennnn. 15-46
Dial data, push button . 15-47
Chassis, socket, trimmers,

notes ... 15-48
Aliznment . 15-49
Parts list . 15-50
Schematic, voltage,

gain ...
Dial data .
Chassis, socket, trimmers . 16-5¢
Ahgnment ........

Parts list, notes .

THE MAGNAVOX CO.—(Cont.)

MODEL PAGE
OR193|  scius fommemontds s wd b » abis Schematic, voltage,
BOCK L isr et masorsssiob st gpoossoes 15-57, 58
Record Changer: Seeburg
Model K .oocorienicannnes RCD.OH. 15-2
Olarified schematics . 15-23
Dial data 15-25
Condenser drive adjustments,
part 1
Socket, trimmers, notes .
Alignment
Chassis, socket, trimmers,
gain ...
Parts list
CR-194 Schematic, voltage, socket,
gain ... o2 15-61, 62
Clarified echematws 15-45
Push button 15-47
Parts list ... 15-30
Chassis, socket, trimmers 15-63
Alignment, notes 15-64
Dial data .......... 15-65
A-205C il s e seecssnaetd Schematic, voltage 15-12
Parts list .ol 15-5
A-206, A-206A .o, Schematie, voltage 15-20
Parts list ....cocoeee. 15-5
A-206E - Schematie, voltage, socket 15-56
A-206F, A-206G Schematic, voltage, socket .. 15-66
Parts list 15-67
A-222, A-222A .. Schematic, vo tage, socket . 15-68
Parts list .. - 15-69
A-B0TP2  ......commmomiim s ioimsiar Schematic, voltage, socket . 15-70
Parts list ...ccccvvvvvveccennn 15-67
A-30704 ... Schematiec, voltage, socket . 15-71
A-307P6 . Schematic, voltage, socket . 15-72
Parts list .o, vapsmeseis 15-67
A-501 Schematic, voltage 15-73
Parts list .ooiviiveciecennens 15-75
AS01B St bt b ooy Schematic, voltage, 15-74
Parts list ....occcocemanen 15-75
A-B001 e, Schematic, voltage 15-76
Parts list .ocoooiceecennn 15-69
A-3001B i, Schematic, voltage, 15-77
Schematic, parts list .. . 15-78
MAGUIRE INDUSTRIES, INC.
1437 RAILROAD AVE.
BRIDGEPORT, CONN.
700 Schematic, changes, voltage ........ 15-1
Alignment, socket, trimmers ... 15-2

MAJESTIC RADIO & TELEVISION CORP.
ST. CHARLES, ILL.

G1-426, Chassis 4807;
G1- 426Y Chassis 4808

5A410, Chassis 4501 ;
5A430, Chassis 4504

6C137, Chassis 456 ..ccoeeeeia,

6C141, Chassis 457
6CU35, Chassis 440

Schematic
Olarified schematics .
Alignment, voltage, socket,

trimmers
Parts list

Schematic, voltage
Alignment, socket,

parts list
Schematic ...
Record Changer

Model
Socket, trlmmers
Scz‘lemntlc

atic

Seeburg
RCD.CH.

6CU187, Chassis 464
6CU141, Chassis 466
6P1, Chassis 437

6T23, Chassizs 450X

6T120, Chassis 455 .....occeeenee
6TU120, Chassis 462
7C75, Chassis 435
7CU75, Chassis 445
7K60, Chassis 434

7KU60, Chassis 444 ...

78433, 78450, Chassis 4702;
78470, Chassis 4703

7T20, Chassis 432

7TU11, Chassis 439 .
7TU20, Chassis 442 ...

- Schematice

-« Schematic
. Schematic

- Schematic
. Schematic

Schematlc
Schematic

Socket, trimmers
Schematic
Socket, trimmers
Schematic

Socket, trimmer:

Clarified schematics

Socket, trimmers 15-5
Schematic .......... 15-8
Olarified schematics 15-9
Schematic .....o..o....

Clarified schematics
Socket, trimmers
Schematic
Clarified schemalics ..

Schematie,
trimmers
Record changers (Models
78450, 78470) :
Seeburg Model K ...
V-M Model 400 ..
Clarified schematics
Alignment ..
Parts list
Schematie, socket, trimmers
Clarified schematics

voltage, socket,

Clarified schematics ..



MAJESTIC RADIO &
MODEL

80176, Chassis 461 .....cemnnnee

8K161, Chassis 460; 8T129,
Chagsis 459 .oveirinriniinerinnines

88452, 88473, Chassis
4809 ..

88452 85473, Chassis
810

8T129
400, Chassis 400 ..

401, Chassis 401

407, Chassis 407 ..cccovvvvveiverennnne
408, Chassis 408,
Camera Port.
410, Chassis 410

Chassis 432
Chassis 434
Chassis 435
Chassis 437
Chassis 439
Chassis 440
Chassis 442
Chassis 444
Chassis 445 .
Chassis 450X
Chassis 455 .
Chassis 456
Chassis 457
Chassis 459
Chassis 460
Chassis 461
Chassis 462
Chassis 464
Chassis 466 .
Chassis 4501
Chassis 4504
Chassis 4702
Chassis 4703
Chassis 4807 ..
Chassis 4808 ..
Chassis 4809
Chassis 4810

- Schematic ..........

- Schematic

TELEVISION COBP.—(Cont.)

AGE

Schematic 15-24
Clarified schematics . 15-25
Socket, trimmers ....... . 15-7
Schematie 15-24
Clarified schematics . 15-25
Socket, trimmers 15-7
. Schematic 15-26

Milwaukee Er-
wood Model 10700.RCD.CH. 15-1
Clarified schematics ..........ceienn 15-27
Voltage, socket, trimmers,
alignment frequencies ..

Record Chmiget :

.. 15-20
.. 15-21

15-28

Parts list

Schematic ...
Record Changers (Model
88452) : Milwaukee Er-
wood Model 10700
RCD.CH. 15-1
(Model 8S473) : Milwaukee
Erwood Model 10700

RCD.CH. 15-1

Oak Model 6666 .....RCD.CH. 15-1

Seeburg Model K ...RCD.CH. 15-2

Olarified schematics ... 15-29
Voltage, socket, trimmers,

alignment frequencies

Parts list

- 15-20
. 15-30

. 15-31
15-33
15-31
15-32

- See Model 8K161
. Schematic ..........

Socket, trimmers .

Clarified schematics .

Socket, trimmers 15-33
Schematic . 15-34
Schematic . 15-34

15-13
Socket, trimmers . 15-33

See Model 7T20

- See Model 7K60

See Model 7C75

- See Model 6P1
- See Model 7TU11
- See Model 6CU35

See Model 7TU20

. See Model TKUGO

See Model 7CU75

- See Model 6723

- See Model 6T120
- See Model 6C137
- See Model 6C141

See AModel 8T129

. See Model 8K161
- See Model 8C176
. See Model 8TU120
. See Model 6CU137

See Model 6CU141

- See Model 5A410

. See Model 5A430

- See Model 75433

. See Model 78470

. See Model G1-426

. See Model G1-426Y

See Model 88452
See Model 88452

MANTOLA
See B. I'" GOODRICH

JOHN MECK INDUSTRIES
PLYMOUTH, IND.

505, 5C5-A, 5C5-B, 5C5-C
Trail BIAZEr .ooooooivseooroeeessssons

Schematic,
trimmers
Alignment ...
Schematic, voltage, phono
connections
Alignment, socket, trimmers ......
Schematie, voltage, socket,
trimmers
Alignment ...

voltage, socket,

MECTRON CORP.
LAWRENCE, MASS.

PM-505-P, RC-5C5-P ...
RC-505-CL, RC-505-DLi ........
MR iiiriccceeeccreece e
MR-1A

Schematic
Schematic

MEGARD CORP.

1601 S. BURLINGTON AVE.
LOS ANGELES 6, CALIF.

HE-621

MEISSNER MFG. DIV.

. Schematic

Clarified schem
Socket, trimmers
Alignment

MAGUIRE INDUSTRIES, INC.

MOUNT CARMEL, ILL.

9-1084, 9-1086 ...cccecccrrrrririunens 5

Schematic, socket, trimmers, coil
data, alignment
(Continued)

MAJESTIC
MONTGOMERY-WARD

MEISSNER MFG. DIV. MAGUIRE INDUSTRIES, INC ——(Cont)
MODEL PAGE

9-1084, 9-1086 (Cont.) ... Clarified schematics ......oeeoeen. 15-2

9-1085 Schematic, socket, trimmers, dml
data, a.llgnment 15-3
Clarified schematics . . 15-4
9-1086  cavcsnsiviiusesafrs oo mmrmvomssorssnore See Model 9-1085
MIDLAND MFG. CO.
DECORAH, IOWA
B6A, B6B . Schematic, socket, note .
M6A, M6D Schematic, socket, note .
M6B, M6C . Schematic, socket, note .
Schematic of tumer ...
MINERVA CORP. OF AMERICA
238 WILLIAM ST.
NEW YORK 7, N. Y,
114 ... Schematic, socket ....cocviiimiiecenen 15-1
L702, W702 . Schematie, alignment, socket,
trimmers, dial data 15-8
WI11T7 Early .ceioeomemeneisss Schematic ....ccoooevneen 15-2
QOlarified schematics . 15-3
WILLT-3  ccbenrcesmmemsnisosonsasmvemass imonssas Schematic = 15-2
Clarified schematwa 15-4
WI117 Late cccrcccinininsrnnnneriessses Schematie, alignment, socket,
trimmers
Clarified schematics .
WI119, WI19A ..riireecns Schematic, alignment, socket,
! trimmers, dial data ... 15-7
w702 . See Model L702

MONTGOMERY:WARD
CHICAGO 7, ILL.
Schematie, voltage, socket .

O4MF-1199A . 15-1

Notes, parts list . 15-2
AFE11, Chassis 81 ..o Schematie 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 . .. 157

. 15-8

14WG-610B, 14WG-611B . Schematic, voltage, socket,
note ... 15-9
Alignment, trimmers, dial
data .. 15-10
Push button, parts list . 15-11
14WGE-808MA, 14WG-808WA  Schematic .. 15-12
Record Changer:
Model B3A ...

QOlarified schematics . ... 15.13
Clarified schematics . .. 15-14
Voltage, dial data, socket, push
button, NOtES ....cceereiieiieeeieieenn 15-15
Ahgnment trimmers, socket,
parts list
... See Model 62-520
. Schematic
. Schematic ...
See Model 23
39 e See Model 23
54BR-1501A, 54BR-1502A ... Schematic, dial data, voltage
antenna coil adjustment .
Alignment, socket, trimmers,

15-16

Chassis 20W
23, 33, 89, 73

.. 15-17
. 15-18

15-19

gain 15-20

Parts list .. 15-21

54BR-1503A, 54BR-1504A ... Schematic, dial data, voltage ... 15-22
Alignment, socket, trimmers,

gain 15-23
Parts list .ecciennenns . 15-21

54BR-1503B, 54BR-1504B ... Schematic, voltage . 15-22
Alignment, socket, tri

gain - 15-23

Dial data, parts list 15-21

54BR-1503C, 54BR-15040 ... Schematic, voltage ...
Alignment, socket, trimmers,

15-24

gain 15-23
54BR-1505A, 54BR-1505B,
54BR-1506A, 54BR-1506B.. Schematic 15-25
Alignment, vo age,
mers, dial data, push button.. 15-26
54WG-1801A, 54WG-1801B,
B4WG-1801C .ccovcvvrinnriceminionnas Schematic, voltage, sensitivity,
TLIOLES . susesssmensvomogmne soewvesmosts o “aum 15-27
Alignment,

sockset, trimmers,

15-28
15-29
15-30

dial data
Parts list ...
Schematic, voltage, sensitivity ...
Alignment, socket, trimmers,

54WG-2007A, 64WG-2007B ...

dial data 15-28
Socket, notes, specifications 15-81
Parts list 15-29

54WG-2500A, 54WG-2700A4,
64WG-2500B, 64WGE-2700A Schematie, voltage, socket ... 15-31
Record Changer (Models 54WG-
2700A, 64WG-27004A)
Webster Model 50 ROD CH 15-1

Clarified schematics ™ 15-32
SQensitivity, specifications, notes 15-33
Alignment, socket, trimmers,

dial data .. 15-34

Parts list 15-35




MONTGOMERY-WARD

NOBLITT SPARKS

MONTGOMERY-WARD—(Cont.)

MODEL
62 Series mmimvemicavmrmrimiliosbi

62-41, 62-75 ...
62-43, 62-43X

62-51, 62-64, 62-64X ...cccovenene

62-52

62-53, 6271 62-74,
62-TAX  cereerereeeeerseeeesereeseroeeeen

62-55, 62-76, 62-T6X ....cceeenn

62-64, 62-64X .
62-67, 62-80
62-7T1 wcvanene
62-74, 62-74X .
62-75
62-76, 62-T6X ...cccovvcvvvevncanisnnea
62-79, 62-84, 62-84X,

62-94, 62-94X oo,

62-80
62-81, 62-81X .

62-82

62-84, 62-84X ...
62-94, 62-94X .
62-360, 62-367 ..
62-460, 93BR-460

62-520, 62-1420,
Chassis 20W
62-1040 ...
62-1420
62-1459

64BR-1051A

64BR-1205A, 64BR-1206A

64BR-1208A,

64BR-2200A ...

64BR-2701A

64WG-10504,

64WG-1050B....

64WG-1052A, Early ..cocccrenn.

64WG-1052A, Late,
Revised wiicmamsmsrsastsioesce. siiras

64WGE-1054A  .oiriccceveneceis

64WG-1511A, 64WG-
15118, 64WG-15124,
64WG-1512B, 64WG-
18094, 64WG-1809B ...

64WG-1801C
64WG-1804A

64WG-1807TA ..cccenneraes rersrennanrin

... Schematic
. Schematic

.. Sce Model
. Schematic, voltage, alignment,

. Schematie, alignment,

. Schematie, voltage

. Schematie, coi

PAGE

Schematic i tutlc . ammmsnn 15-36
V olt.lge, socket, assembly

wiring 15-37

Parts list

Clarified schematics
Alignment, voltage, socket,
trimmers

Schematie. voltage, changes
trimmmers,

Alignment,
parts list

socket,

Schematic, voltage, notes ...
Alignment, socket, trimmers,

parts st i, 15-46
Schematic i, 15-47
Alignment, voltuge, socket,

trimmers ...

Schematie, voltage
Alignment, socket, trimmers,
notes, parts Ilht 444444444444444444444444 15-50

. Seo Model 625

Schematic, allgnment, notes ... 15-561
See Model 62-53
See Model 62-53
See Model 62-41
See Model 62-55

Schematie,
Alignment,

socket, trimmers ...

Clarified schematics
Schematic, voliage, socket, trim-

niers, allgnment notes <
Parts llst

. See Model 62-79

See Model 62-79

Schematic, voitage .ccocovnceeennn.
. Schematic, voltage, socket,
trimmers, alignment ...

Schematie

.. See Model 62-520
. Schematie, voltage, socket,

trimmers, alignment ............... 15-59
Schematie, "dial data, voltage ... 15-61
Alignment, sensmvny socket,

trlmmers
Parts list

assembly,
sensitivity, voltage ........c.... 15-64
Alignment, socket, trimmers,
dial data, parts list
Schematic, voltage, dial data
Clarified schematics

Alignment, socket, trimmers . 15-67
Sensitivity, parts list . 15-68
Schematie, voltage ........ . 15-69

Record Changer: General
strument Model 205..RCD. CII. 15-5

Clarified schematics .. . 15-70
Clarified schematics . 15-71
Alignment, socket, trimmers . 1572
Dial data, sensitivity . 15-73
Parts list ..cvvecicnnn. . 15-74
Schematie, voltage, socket . 15-75
Alignment, sensitivity, socket,

trimmers 15-76
Parts list 15-77
Schematie, voltage, socket 15-78
Ahpnment, socket, trimmmers,

dial data 15-79
Sensitivity ... 15-81
Parts list, notes ... 15-77
Schematics, voltage 15-80
Alignment, socket, trimmers,

dial data . 15-79
Sensitivity 15-81
Parts list, notes 15-77
Schematie, voltage . 15-82
Alignment, socket, trimmers,

notes . 15-83
Semnsitivity, parts list 15-84
Schematic, voltage ... 15-85

Alignment, socket, trimmers,
dial data
Sensitivity, parts list

. See Model 54WG-1801A

Schematic, voltage, socket
sensitivity
Alignment, trin
dial data
Parts list ...
Schematie, voltage, coil data
Clarified schematics

. 15-92

Alignment, socket, trimmers,
dial data . 15-93
Sensitivity, parts list 15-94

MONTGOMERY-WARD—(Cont.)
MODEL
64WG-18094,
64WG-200713
G4WG-2009A

See Model 64WG-1511A

See Model 54WG-2007A

. Schematic, voltage ....c..ccovirveririinne 15-95
Record Changer: General In-

64WG-1809B....

strument Model 205..RCD.CH. 15-5

Sensitivity, part

.. See Model 54WG-2500A

. See Model 54 WG-2500A

See Model 23

See Model AE11

Schematic ...coccuciceenerenens PO 15-97

93BR L) oo See Model 62-460

93WG-800, 93WG-800A,
93WG- BOOB 93WG- 8000
93WG-809, 93WG 8094,
93WG- SOE)B 93WG- 8090

64W(G-2500B
64WG-27004A
73 ...
CthSlS 81

. Schematic, voltage, socket
Clarijied vchematws ............
Alignment, trimmers, notes
Push button, socket, coil data

notes 15-101
Parts lis 15-102
102 . Schematie, voltage .. . 15-103
Alignment, socket, trimmers ... 15-104
2004 ot i ik b et B L L e Schematic, voltage, alignment,
socket, trimmers
Parts list ..
222, s imcrvmrsisnes ot nennale s b s Schematic

Clarified sche
Alignment, socket, tnmmers
chassis
Parts list
Schematic
................................................ Schematic, push button . =
Alignment, socket, trimmers,
notes
Voltage, parts list ...
See Model 227
. Schematic, voltage, notes
Parts list, notes

1422, 1423, 1482, 1483 ..
3035, 30.}7 3065 3067 ..

MOTOROLA
See GALVIN MFG. CORP.

NATIONAL CO.

61 SHERMAN ST.
MALDEN 43, MASS.

L1004 Simesmmmiols aine g i Adove Ak, Schematic 15-1
Socket, trimmers, chassis 15-2
Calibration curves, notes 15-3
NC-2-40C ..o Schematic .....ccvmeinnnnnn. 15-4
Socket, trimmers, chassis 15-12

NC-2-40C, NC-2-40CS ... . Circuit data, selectluty ch
acteristies
Circuit data, a-c operation
Battery operation, controls ..
Phone and c¢-w reception notes .. 15-9
Signal-strength measurement,

gain measurements 15-10
Voltage, notes ... 15-11
I-f alignment, tri:.. 15-13

General coverage,

allgnment
S-meter deustment .................. 15-15

Band-indicator adjustment, tele-
plhone line schematic .
Parts list, part 1.

NC-2-40C8  .icriveerrvceneenes S OoOOOmOna Schematic .........
Socket, trimmers, chassis
NC-2-40D .......... et oo e o bt o Schematie

Panel view,
coil, lone-control, action curves 15-20
Notes, band-spread, alignment .... 15:21
Trimmers, chassis, views ......... 15-22
Alignment, S-meter and band-
indicator adjustments .
Parts list .
NC-46 .. purmiwrremme it - Schematic
Circuit data, rear and top
Circuit data, parts list ...
Chassis
Alignment

. 15-23
15-24
. 15.25
15-26
. 15-27
15-28
. 15-29

NATIONAL UNION RADIO CORP.

15 WASHINGTON ST.
NEWARK 2, N. J.

Schematic, voltage, dial data,

NOLES  adbom oo e sih -« rossasins s 15-1
Alignment, socket, trimmers,

ChASSIS Liiuhadancsamerrart Spsdsies L e 15-2

G-619

NOBLITT SPARKS INDUSTRIES

COLUMBUS, IND.
(ARVIN)

... See Model 444
. See Model 544
. See Model 558
See Model 664
Schematie, voltage ...c.oecinn 15-1
Revised schematic, alignment,
socket, trimmers, chassis ........ 15-2

Chassis RE-200 ...
Chassis RE-201

Chassis R1-204 .
Chassis RE-206 .
444, 4444, Chassm RE-200 ...




NOBLITT SPARKS INDUSTRIES—(Cont.)

MODEL PAGE
544, 544A, Chassis RE-201 ... Schematic, changes, notes,

voltag

Allgnment socket, trimmers .

Alignment, concluded parts list

558, Early, Late Chassis

B 0.1 7 S Schematic, voltage .
Alignment 5
Socket, trimmers, chassis, parts

list
Schematic, voltage .
Alignment, part 1 ...
Alignment, socI\et trlmmers,

ChassiS  wtwimmmamme s gsipniepers 15-6

NORTHEASTERN ENGINEERING INC. (ELECTONE)
CANAL ST.
MANCHESTER, N. H.

. Schematic ..
Alignment, socket, trimmers,
voltage, notes
TETSS  rrimodsomms s dusas it ey e Schematic
Alignment ..

OLDSMOBILE DIV.—GENERAL MOTORS
LANSING, MICH,

Pkt ek

...
oo og aae
o *x=3 [ 3 VL)

. 155

664, 664A, Chassis RE-206 ...

15-1

OB28BT5  cuissvivoirtrrsssisossmssmmsmnscs Schematic, notes .....cccccniiiiciein 15-1
Alignment, socket, trimmers,
Chassis  teesimmte st s eaoia 15.2
Tuning unit assembly, push
button, notes ......

Dial data, installation =
Power pack chassis, parts list .. 15-5
982376 Schematie, i-f transformer con-

NECLIOBS oupy-gssiussanes ovomossommansermsne 15-6
Alignment, voltage, socket,

trimmers, chassis ... e 15-T
Tuner assembly, transformer

connections
Installation, push button .
Parts list

OLYMPIC RADIO & TELEVISION, INC.

3101-19 38TH AVE.
LONG ISLAND CITY, N. Y.

6-501, 6-502, 6-503 .....ccoemee. Schematic, voltage, alignment,
socket, trimmers ... 15-1

6-5-1W-U, 6-502V-U, 6-502U Schematic, voliage, alignment,
socket, trimmers
6-504, 6-504L ...ociiiiiiieienne Schematie, voltage
Alignment, socket, trimmers,
parts list

6-504-U, 6-504L-U ...ccomvvrrennens Schematie, voltage
Alignment, socket, trimmers,
parts lst 15-4
6-601W, 6-G01V, 6-602 .......... Schematic, voltage, rear view,
notes .

Clarified schematics .
Alignment, socket, trimmers,

notes 15-7
Rarts 1ist suemseadser-s5k e omerng 15-8
6-606  ...cviiiinnneec et sra e Schematic, voltage, alignment,

socket, trimmers, rear view ... 15-9
Notes, parts list

. Schematic, voltage, rear view ... 15-11
Record Changer: Seeburg Model
} . SRR RCD.CH. 15-2
General Instrument Model
205 e RCD.CH. 15-5
Alignment, socket, trimmers,
dial data

Parts list

PACKARD BELL CO.

3443 WILSHIRE BOULEVARD
LOS ANGELES 5, CALIF.

5FPp Schematie, alignment, socket,
LTIMIMErS coveceeiiencecrctienneecnenans 15-1
Voltage, gain, resistance, parts
ST et b 152
551 Schematic, alignment, socket,
BAYIMINEIS coersvvrancorgs ames smsandbsomnnss. 15-3
Voltage, gain, resxslance.
hoTin I - e ——— s 15-4
561 Schematie, alignment, socket,

trimmers, notes ..
Voltage, resistance, g

TiSt  noiboncbmmmmbvesniste st st aiss acps = pomrem 15-6
563 Schematic, alignment, socket,
trimmers, notes ....... .o 15-7
Voltage, gain, reswtance, putts
1iSE e cuuowsmmoms o & s i st s s 8 15-8
566 Schematic, voltage, alignment,
socket, trimmers, gain
resistance
Parts list
651 Schematic, voltage, gain,
resistance

Clarified schematics .
Alignment, socket, trimmers,
parts liSt .vernviiins 15-13
661 Schematic, alignment, socket,
trimmers .
(Continu

NOBLITT SPARKS
PHILCO

PACKARD BELL CO.—(Cont.)

MODEL PAGE
661 (Cont.) : Detrola Model
- RCD.CH. 15-1
Voltage, g dial
data, notes o .. 15-15
Parts list 15-10
(i1 R eeeenens Schematic 15-41
Record Changer: Detrola Model
580 receryismmmiasncms b RCD.CH. 15-1
Alignment, socket, trimmers ...... 15-42
Gain, voltage, parts list ..coceeenn. 1543
Dial data, record changer motor
dlagram 15-44
1052 Schematic, notes 15-16
Clarified schematic, Broadcast
band, Radio-Receive ........... 15-17
Clarified schematic, S-W band,
Radio-Receive ... ceee 15-18
Clarified schematic, Broadeast
band, Phono ... ceeree 15-19
Olar Lﬁed schematic, Broadcast
band, Mic. Record ... cveee 15-20

Cla:lﬁ?d schematic, Broadeast
band, Public AddATess oorwee 15-21
Olariﬂed schematic, Broadcast

band, Mired Program ........ 15-22
Olarified schematic, §-W bund,

Mived Program ..o 15-23
Clarified schematic, Broadcast

band, Kadio Record ........... 15-24
Clarified schematic, S-W band,

Radio Record ....cuaninne 15-25

Alignment, voltage, socket,

trimniers, notes . 15-26
Gain, resistance, da 15-28
Parts list . . 1527

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 Receire . 153-31
Clarified schematic, Broadcas

band, Phono ... 15-32
Clarified schematic, Broadcast

band, Mic. Record ........ccees 15-33
COlarified schematic, Broadcast

band, Public Address ............. 15-34
Clm@ﬁed schematic, Broadcast

band, Mived Proyram ¢ . 15-35
Olanﬁed schematic, S-W ba

Mized Program .. ... 15-36
COlarified schematic, Broadcast

band, Radio Eecord ... .. 15-37
Olartﬁed schematic, S-W ba’nd

Radio Record ..coeeeiicvereeenns 15-38
Alignment, voltage, socket

trimmers, notes . 15-39
Gain, resistance, da 15-28
Parts list . 15-40

PARKER MCCRORY
590, Victory ..oocccoviirmiineeineenne Schematic, socket, trimmer,
alignment ... Mise, 15-12
PHILOTARMONIC

528 E. 72ND ST.
NEW YORK 21, N. Y.

. Schematie, socket ...
QOlarified schematics .
Schematic, socket, tri
Clarified schematics ..
Clarified scliematics ...

PHILCO RADIO & TELEVISION CORP.

TIOGA AND C STREETS
PHILADELPHIA, PA.

46-250, 46-250-I, 46-251,

Code 121 . Schematic 15-1
Alignment, , trimmers,
dial drive, coil data . . 152
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, 46-420-1, Code 121 ... Schematic, coil data 15-10
Voltage, resistance ... 15-11
Alignment, dial data 15-12
Socket, trimmers 15-13
Chassis  wececenenans .. 15-14
46-480, Code 121 ..cevvimrnerecennns . Schematic of 2nd LF detector,
AF., power ..... 15-15
Clarified bchematw ( Push
button) ... cerernes 15-16
Clarified sche (B anual
tuning) . 15-17
Clarified ?chematzc (Short wave
BANA) e e 15-18
Clarified schematic (F-M band) 15-19
(Continued)



PHILCO
RCA

PHILCO RADIO & TELEVISION CORP.—(Cont.)
MODEL PAGE

46-480, Code 121 (Cont.) ..... Alignment .............. . 15-20
Socket, trlmmers 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 trlmmers 15-26
Chassis  mm..chuimio: dactdiabiis 5 15-27
Voltage, resistance, dial data 15-28

15-29

Record player, bottom view
. 15-30

Record player, top view ...

46-1209, Code 121 .. . Schematic of I.F

power ... 15-31
Clarified schematic

ton), phono t':an.sformer dml

data 15-32
Clarified schematics (Manual

and short wave) ..oviicceeiee 15-33

15-34
15-35

Alignment, push button data
Socket, trimmers
Chassis, dial backp!

calibration ... 15-36
Automatic record changer,

bottom  View ... 15-37
Automatic record changer,

side view . 15-38

Voltage, resistance . 15-39
. Schematic of I.F., detector,
AF., POWEr . 15-40

Clarified schematics (Broadcaat

46-1226, Code 121 ..

and Short wave) .. 1541
Alignment ... . 15-42
Socket, trimmers . 15-43
Chassis  ...... . 15-44
Dial data . 15-22
Voltage, resistance . ... 15-39
Automatic record changer, s e

view 15-45
Automatic record changer.

46-1213. Code 121 ... ... . 15-47,48 to 15-62
PHILLIPS PETRULLUVIE vuv.
(WOOQLAROC)
BARTLESVILLE, OKLAHOMA
3s1A, 3-2A i Schematic, voltage, dial data,

(1370 I 11 7 Qe R A S 15-1
Alignment, socket, trimmers,

gain, Dotes ... 15-2

8-3A e sadel Tt i e Schematie, 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 -
3-4A Schematic, voltage, coil data ... 15-9
Alignment, socket, triminers,
dial data, gain, notes ...
3-9A, 3-10A, Early ... Schematic, voltage
Alignment, socket, trimmers,
dial data, notes, parts list ... 15-12
3-9A, 3-10A, Late ... Schematic, voltage, dial data,
SOCKEL . diufima o ~tseamcns s 5. brsmce s e 15-13
Alignment, trimmers, dial cali-
bration, parts list ... 15-14
3-9AK, 3-10AX .coviiieiereiien, Schematic, voltage, socket,
LT U R O 15-15
Alignment, socket, trimmers,
dial data, notes .
3-11A Schematie, voltage, socket, trim-
mers, coil data 3
Clarified schematics .. .
Alignment, trimmers, dial data,
parts list
3-29A Schematie, voltage, dial data,
BOCKEE  oeespismesmniaomensosmnasasssnssnssssenss 15-19
Record Changer: General In-
struments Model
205 RCD.CH. 15-5
Alignment, trimmers, notes,
parts list e 15-20

PILOT RADIQ CORP.

37-06 36TH ST.
LONG ISLAND CITY 1, N. Y.

B-3, T-3, Xo8 ccotreerincirncnrnenrencanes Schematic, alignment, socket,
trimmers . 15-1
Clarified schematics . 15-2

T-286 Schematic, alignment, socket,
trimmers, push button 5-3
Clarified schematics 5-4

T-370 Series ... Schematie, alignment, socket,
trimmers 5.5
Clarified schematics wee 15-6

T-500 Series .......cuuimmerinons Schematic, alignment, socket,
trimmers 15-7
Clarified schematics 15-8
U W5 [ Schematic, socket, trimmers. 15-9

Clarified schematics ..
Alignment, trimmers

PONTIAC DIV.~GENERAL MOTORS
PONTIAC, MICH.
MODEL PAGE

9841TL .corimeirerimeitares Wsnimmme pimgres Schematic, transformer con-
nections
Alignment, voltage, socket, trim-
mers, chassis, transformer
CONMECLIONS  .ivciericieniieircieiaenaneas
Tuner assembly, push button ...
Parts 1iSt ..sspisentecscssicssssmmgmietteas:

PORTO SERVER, INC.
325 WEST HURON ST.
CHICAGO, ILL.
PA-510, Chassis 9008-A;
PB-520, Chassis 9008-B

. Schematic, voltage, socket,

COIl AR eprsnsessumgrenc o iee s s 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 9022-1, 9022-F ... . See Model PE-610

PORTORADIO, PORTOBARADIO
Sce PORTO SERVER, INC.

PREMIER CRYSTAL LABORATORIES, INC.
63 PARK ROW
NEW YORK 7, N. Y.
15101 ik ovcaes o4 Bt io] Homminied i Schematic, socket, trimmers,
COil data sumepiuseie-sspgasmsse Mise. 15-13

PROMENETTE RADIO & TELEVISION CORP.
1721 KLMWOOD AVE.
BUFFALO 7, N. Y.
BOLA | bevrrmmmtoomn sosssssieit # e tirniacrn o Schematic, alignment, trim-
TRETS  reverereraeriresesesnassssneaae Misc. 15-14

PURE OIL CORP.
(PURITAN)
35 EAST WACKER DRIVE
CHICAGO, ILL.
SA65WGE-503 .o Schematic .., 15-1
Record Changer: General In-
strument Model
205

.. RCD.CH. 15-5
Allgnmen age, socket,
trlmmers, dial data, parts list 15-2
5D15WG-501, 5D25WQ@-502 .. Schematic, voltage, 50CKEt .o 15-3
Alignment, trimmers, dial data,
parts list Sammeerwrs it . 15-4
5D15WG-501X,
5D25WG-502X .o Schematic, voltage, socket ... 15-3
Alignment, trimmers, dial data,
parts list
BAZESWG-504 .. Sclhiematie, voltage,
coil data

Clarified schematics
Alignment, trimmers, dial data,
PArtS Ligl cicvetiressimmbemeempmossnassnses 15-8
506, 50T .ioiiiiriiiiiiciieeninnessnenans Schematic, voltage, tuner
assembly, dial data, coil data 15-9
Alignment, socket, trimmers,

notes 15-10
Gain data, parts list ...ocoienns 15-11
508 Schematic, voltage, coil data,
lead dress, coil and switch
data

Olarified schematics .
Alignment, socket, trimmers
Gain, notes, parts list

PURITAN
See PURE OIL CORP.

PUROTONE RADIO CORP.
POUGHKEEPSIE, N. Y.

4506, 4516 .coveineiiiinineniiieiiins Schematie, alignment, socket,
trimmers, notes ... MISC. 15-15

R. C. A. MFG. CO.
CAMDEN, N. J.

R-3-B Schematic, notes ... 15-1
9X6, 9X11, 9X12, 9X13, ) ) )
9X14 .. . Schematie, chassis wiring,
voltage, socket, trimmers
lead dress ..
Alignment, parts
Q10, Q104,
Chassis RC-5940, Early ... Schematic, voltage

Clarified schematics ...
Alignment, socket, trimmers, dial
data, lead dress, notes ........ 15-7
Q10, Q104, Q10-2, Q10A-2
Chassis RC-594 Late .......... Schematic, voltage ..
Clarified schematics
Alignment, socket, tri
dial data, lead "dress, notes ... 157
QB11, Chassis RC-529A ... Schematice, volt'xge notes .. .
Olarified schematies
(Continued)




R.C.A. MFG. CO.—(Cont.)

MODEL PAGE
QB11, Chassis RC-529A
(Cont.) . Clarified schematics 15-10
Alignment, socket, tr
dial data, coil and swltch
locations, lead dress, notes ... 15-11
Parts list o 15-12
Q224, Q32, Chassis RC-507 ... Schematic, voltage, lead dress,
speaker mnotes 15-13
Clarified schematics 15-9
Clarified schematics ... 15-10
Alignment, socket, trimmers,
wiring diagram, notes ........ 15-14
Cable connections, dial data,
parts list 15-15
VA-22, VA-24 . Schematic, notes ... 15-83

Q34, Chassis RC-539E . Schematic, voltage, lead dress,
notes 15-17
Clarified schematics 15-18
Clarified schematics 15-19
Alignment, socket, trimmers, dial
data, notes, r-f wiring dlagram 15-20
PATES TSE weoemrrosmrerrersesmssssererosssrens 15-21

15-25
15-60

CV.42 Flectrifier
Chassis RC-1004E .......
CV-45 Chassis RS-1001 .
54B1, 54B1-N, 54B2,
5483, Chassis RC-589 ... Schematic, voltage, lead dress,
alignment, socket, trimmers .. 15-22

- Schematic
. Schematic

Replacement notes .. 15-23
. Parts list 15-24
5517, 55AU, Chassis RC-1017 Schematic, alignment, lead dress,
dial data, socket, speaker
connection 15-16
Record Changer:
960015 . 15-11
Parts list 15-24
55F, COV-42, Electrifier,
Chassis RC-1004E ............... Schematie, voltage, alignment,
socket, trimmers, dial data,
lead dress, notes ... 15-25
R Parts list ..o . 15-26
QB55, Chassis RC-563A ......... Schematic, voltage .. . 1527
Clarified schematics ... . 15-28
Alignment, socket, trimmers,
lead dress, notes, power
. . COMNECLIONS  .oovieinrsiiinintiis s 15-29
X-55, Chassis RC-473A .......... Schematie, voltage, alignment,
socket, trimmers, dial data ... 15-30
Push-button data, parts list,
phone connections ............ 15-3

56X, 56X2, 56X3,
Chassis RC-1011 .crinenn. Schematic, voltage ......ccnn 15-31
Alignment, socket, trimmers,
dial data, speaker connections 15-26

56X5, Chassis RC-1023 ............ Schematie, voltage, speaker
connections 15-32
Clarified schematics ... 15-33

Alignment, socket, trimmers,
. i dial data . 15-34
56X10, Chassis RC-1023B ... Schematic, voltage 15-35
Clarified schematics ... . 15-36

Alignment, socket, trimmers,
dial dBEA ..cciiesiooonsarmmanmeessnoasane 15-3¢

56X11, Chassis RC-1023A ... Schematie, voltage. dial data

speaker connections 15-37
Clarified schematics 15-38
Alignment, socket, trimmers,
. lead dress, parts list ... . 15-39
58V, 58AV, Chassis RC-604 .. Schematic, vol%age . 15-40

Record Changer: RCA Model
960001-1 ..o « RCD.CH. 15-1

Clarified Schematics .. 15-41
Alignment, socket, trimmers
lead dress, back view . . 15-42
Push-button data, parts lis . 15-43
59V1, 59AV1,
Chassis RO-605 .omeerereemrerennas Schematic, voltage .............. 15-44
Record Changer RCA Model
960001-2 .....cceovenen RCD.CH. 15-1
Clarified 8chematics . 15-45
Clarified schematics ... . 15-46
Alignment, socket, trimmers,
push button, rear view,
lead dress 15-47
Dial data, parts list, speaker
CONNECLIONS  ovoceeriiiieieee e 15-48

61-1, 61-2, 61-3, ) )
Chassis RC-1011 ... . Schematic, voltage, alignment,
socket, trimmers, dial data,

lead dress speaker connections 15-49

Parts list . 15-50
61-5, Chassis RC-102 X
61- 10, Chassis RC-1023B .. Schematie, 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, ge, alignment,
socket, trimmers, dial data ... 15-53
Clarified schematics . 15-54
Parts list . 15-52
. Schematice, voltage, lead dress ... 15-55
Record Changer: RCA Model
960001-3 werereeeree. RCD.CH. 15-1
(Continued)

QU61, Chassis RO-568B

RCA
RADIO DEVELOPMENT

R.C.A. MFG. CO.—(Cont.)

MODEL PAGE
QUB1 (Cont.) ecerversenresrsrnicenaes Clarified schematics 15-56
Clarified schematics 15-57
Alignment, socket, trimmers, r-f
wiring d)agram, 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 e, ... 15-61
65X1, 65X2, Chassis RC-1034 Schematic, voltage, lead dress ... 15-62
Alignment, socket, trimmers,
dial data .o, 15-61
65U, 65A0, Chassis
RC-1017A, 1019B ... Schematic, voltage, gain,
dial data ...coeiiiiimammesesssimenoen 15-85
TItecord Changer: RCA DModel
960260-2 .oivinvenienn RCD.CH. 15-17
Lead dress, alignment, socket
trimmers, parts list ... .. 15-86
66BX, Chassis RC-1040,
RC-1040A ..o Schematie, voltage, lead dress,
dial data, Dotes ..covcreeemciieces 15-87
Alignment, socket, trimmers,
notes, parts list .o 15-88
66X1, 66X2, 66X3, 66X4, ‘
66X9, Chassis RC-1038 ..... Schematic, voltage, dial data,
coil data ....oenn 15-89
Clarified schematics . 15-90
Alignment, socket, trimmers,
Jead dress 15-91
AR-77, AR-77E, Early ........ Schematic ..... . 15-63
Olarified schemutics . 15-64
Clarified schematics . 15-65
Chassis 15-66
Voltage, equipme gna.
noise and image "ratios .. 15-67
Parts list ..ooviomciinacenians . 15-68
Socket. parts layout . 15-73
Installation . 15-75
Operation . 15-76
Maintenance . 15-77
Fidelity curves, p.Lrts layout 15-80
AR-77, AR-77E, Late ...c....... Schematic . 15-69
Clarified sohematw.s . 15-64
Clarified schematics . 15-65
Chassis  ovueesreesnennans . 15-70
Socket, parts layout ... . 15-73

Technical summary, equipment.. 15-74

Installation . 15-75
Operation . 15-76
Maintenance . 1577
Voltages, parts list 15-78
Parts list concluded,

selectivity curves . 15-79
Fidelity curves, parts list . 15-80

AR-77, AR-T7E, Revised ... Schematic woveecriceerneens 15-72

Clarified schematics . 15-64
Clarified schematics . 15-65
Chassis  .ccvveesecnieanes . 15-71
Socket, parts list . . 15-73

Technical summary, equipment.. 15-74
Installation .
Operation
Maintenance
Voltages, parts list
Parts list concluded,

selectivity curves ........... cee 15-79

. 1578

Fidelity, curves, parts list . 15-80
95X6 Schematic, NOes ... 15-81
95X11 + Schematic, socket, trimmers, con-

denser adJustment lead dress 15-82

UY-122E, UY-124 .vman Schematic, notes .... 15-83
Parts list concluded . . 15-84
Chassis RC-473A .. . See Model X-55
Chassis RC-507 ... See Model Q22A
Chassis RC-529A See Model QB-11
Chassis RC-539E See Model Q-34
Chassis RC-563A See Model QB-55
Chassis RRC-568B See Model QU-61
Chassis RC-589 ..... See Model 54B1
Chassis RC-594C Early See Model Q-10
Chassis RC-594C Late See Model Q-10
Chassis RC-594D .. See Model 61-6
Chassis RC-604 ... See Model 58V
Chassis RC-605 See Model 59V1
Chassis RS-1001 . . See Model CV-15
Chassis RC-1004E See Model 55F
Chassis RC-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 RC- 1023A See Model 56X11
Chassis RC-1023B See Model 56X10, 61-10
Chassis RC-1034 ... .. See Model 65X1
Chassis RC-1037 . See Model 64F1
Chassis RC-1037A See Model 64F3
Chassis RC-1038 See Model 66X1
Chassis RC-1040, "RC-1040A.... Ses Model 66BX
RADIO DEVELOPMENT & RESEARCH CORP.
26 CORNELISON AVE.
JERSEY CITY 4, N. J.
500; BO01 cavumniais.onn sreosovmmaiisn Schematic, alignment, voltage,
BOCKOE  cecvruimreneerceiiranenaanenase Misc., 15-16



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
. Schematic 15-11

45 Revised
458

‘Schematic, note

45 Early, 45 Late,
45 Revised ..o Voltage and resistance checks ... 15-14
Parts list .. 5

Voltage, par

¥
45 Revxsed 45B

Clarified schematics ...
Clarified schematics
Olarified schematics
Alignment ...

Socket, trimmers, rear view . 15-13
Socket, trimmers 15-16
Operating notes 15-18
RADIO AND TELEVISION INC.

244 MADISON AVE.

NEW YORIK 16, N. Y.
BJ-6836 . Schematic  .ooviiiiiciiiiiiiecee 15-1

Record Changer: Webster
Model 56 ...c.........RCD.CH. 15-10
Alignment, \oltage 15-2
RADIO WIRE TELEVISION
100 6TH AVE.

NEW YORK 13, N. Y.

JA1, JA2 Schematie, voltage . 15-1

Alignment, socket, trimmers,
PaLES LSt . svvoragees grpeiieten wommeygo s 15-2
.. See Wilcox Gay P.7-2
. Schematic, voltage
Olarified schematics ...
Alignment, socket, trimmers
Parts list
. See Garod P.11-9
See Garod P.10-21
m .. See Model 3JM6
C16 See Mode! 3JM6
C31, 339, 4990 .. Sea Garod P.11-5
3 See Warwick P.12-2
See Wilcox Gay P.5-10
. Schematic, alignment, socket,
trimmers, chlssm voltage ... 15-9
.. See Garod P.10-2
. Schematic 15-7
Alignment, tr: P 15-8
. See Wilcox Gay P.5-8
See Garod P.8-6
See Garod P.9-25
See Sentinel P.7-19, 20
See Garod P.8-15
See Garod P.9-27
See Garod I1’.8-19
. 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 ...
Clarified schematics
. See Model C10
. See Warwick P.12-3
. See Warwick P.13-8
See Belmont P.12-7
Schematic, voltage
Clarified schematics
Alignment, socket, trimmers,
chassis
Parts list ..
... See Model Q31
. See Model C14
. See Model C38
See Model C31

RADIONIC EQUIPMENT CO. (CHANCELLOR)
170 NASSAU ST.
NEW YORK 7, N. Y.
GIW e et sa s - A4 Schematie, note
Alignment, trimmers ..
Alignment, notes, dial data,
VOILAZO  oieworitmiaentimsl bioiotubsacnitns 15-3

THE RAULAND CORP.

4245 N. KNOX AVE.
CHICAGO 41, ILL.

546T ..coccovireiiciriieciiceienen. Schematie, alignment,
voltage

3JM6, Al5, C16 .
MB5, MB5A

... 15-3

. 154
. 15-5
. 15-6

C10, C91
C14, 1649 .

C38, 3119 .

J39, J40

15-13
15-14

... 15-10
. 15-11

... 15-12
. 15-13

..Misc. 15-17

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 FELECTRONICS CORP.

20 WEST 20TH ST.
NEW YORK 11, N. Y.

MODEL PAGE
L-46 Schematic, socket . 151
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

. Schematic, notes ...

Schematic

Record Changer: V-M 300
Series; see New Products 300

Series C.&R. 312
462 Schematic
46T Tebvat s s o o b - Schematic

RENARD RADIO & TELEVISION CORP.
508 BROADWAY
NEW YORK 12, N. Y.
. Schematic

1B5T-1, L1A-PT-1A ..Mise. 154

RGH MFG. CO.
214 EAST 41ST ST.
NEW YORK 17, N. Y.

5-Tube AC ..o, Schematic, socket, push
Dutbon . oo imambimmsvmon i s Misc. 15-18

SCOTT RADIO LABORATORIES, INC.

4541 RAVENSWOOD AVE.
CHICAGO 40, ILL.

F-M Converter ... SEhematic .oioriivieeiinnieeeeane
Trimmers, front and side view.
Installation notes ... 1
Operation, alignment, parts
list
Laureate, Revised ......cc........ . Schematic

Record Changers:
Garrard Model RC 6

A.R.C.&R 173
Garrard Model RC 10

AR.C.&R 187
Garrard Model RC 30

ARC&R 198

Garrard Model RC 50
ARCE&R 198
Seeburg Model B A.R.C.&R 551

Seeburg Model BR..A. LC&R 567
Clarified schematics .
Schematie
Record Changers:

Seeburz Model B ...AR.C.

Seeburg Model BR.A.R.C.&R 567
Clarified schematics .
Clariﬁec; schematics .
Clarified schematics .
Phantom Deluxe, Revised ........ Qchefmtlcs

Record Chang

Seeburg Model B ...AR.
Seeburg Model BR..A.

Clarified schematics .

Clarified schematics .

Cireuit deseription

Tests and alignment .. e

Alignment concluded, trimmers,

socket, notes —
. Schematic ...
Clarified schematlcs ,
Clarified schemutics .
All-Wave 15, Early .....cccevciennnen Schematic
Record Changers:
Garrard Model RC 6

AR.C&R 173

Garrard Model RC 10

Phantom, Revised ...

All-Wave, 2-Volt Battery .

AR.C&R 187

Garrard Model RC 30
R.C.&R 198

Garrard Model RC 50
AR.C&R 198

Seeburg Model B ...A.R.C.&R 551
Seeburg Model BR..A.R.C. &R 567
Schematic 15-24
Clarified schematics . 15-25
Clarified schematics . . 1526
Power-amplifier schematic an
layout, power-pack schematic.. 15-27

All-Wave 15, Late
All-Wave 15, Early, Late

Adjustments, notes ... 15-28
Socket, trimmers, chassis, coil
assembly, parts list ..ceenin 15-29
800-B, Early, Below
Serial No. 2000 .coocoocrs SCREMABYIC -oroverersresroers s 15-31, 32

Record Changers:
Garrard Model RC 60
RCD.CH. 15-1
Thorens Modelt CD-40
RCD.CH. 15-1

Clarified schematics ....
Clarified schematics ...
(Continued)




SCOTT RADIO LABORATORIES, INC.—(Cont.)

MODEL

800-B, Farly, Below Serial
No. 2000—(Cont.) .veeeerenne

800-B, Revised, Ahove
Serial No. 2000

800-B, Early, Late, Below
and Above Serial No. 2000

F-m and power-supply

schematic  ....oocovvnniiinnnns 15-39, 40
Push-button tuning system

schematie

Schematic
Record Changers:
Garrard Model RO €0
RCD.CH. 15-1
Thorens Model CD-40
RCD.CH. 15-1

Clarified schematics .. 15-37

Clarified schematics .. 15-38
F-m and power-supply

schematic .o 15-41, 42
Push-button tuning system

schematic ..o 15-49
Circuit description, part 1 ... 15-30

Lront view, back view of

push- button tuning system

backplate i 15-46
Push-button tuning circuits

description ...
Push-button switch detail
End and top views of power

supply ..
Push-button

instructions ...
Trouble location dmrt
Push-button tuning backplate

details
Maintenance and repairs
Record changer maintenance,

voltage chart, part 1 ...
Voltage chart, part 2,

resistance chart, part 1 .......
Bottom view, receiver chassis ... 15-58
DBottom view, power-supply

chassis
Resistunce chart, part 2
Top and rear views, receiver

CHABSIS  rvvvririiiiri e 15-61
Socket and trimmer locations,

receiver
Alignment, part 1 ..
Socket and trimmer locations,

power-supply chassis
Alignment, part 2 ...
Resistor terminal strips details
Alignment, part 3
Coil data chart

Remote control, descriptio:

and adjustments, part 1 ... 15-69
Remote control assembly,

schematic .oviviieeniiniiiie 15-70
Remote control adjustinents,

part 2, changes ... 15-71

Remote control parts list,
schematic remote volume
control

Installation data

Installation and operating

Antenna connections views .

Operating data, part 2

Installation of loop antenna,

DATE 1 id boen o b g et 15-78

Loop antenna installation, detail
drawings, notes

Hum reduction notes, p

Wiring diagram and schematic

for installation of filter ....... 15-82
Wiring diagram for a-f mput

hum reduction ... coe 15-83
Hum reduction notes part 3

schematic ..ooorieien e 15-84

F-m antenna installation

drawing 15-85
Parts list, pag 15-86
SEARLE AERO INDUSTRIES, INC.
BOX 111
ORANGE, CALIF.
Schematie, socket, trimmers . . 15-1

Alignment

SEARS-ROEBUCK & CO.
CHICAGO 7, ILL.

6002, Chassis 132.818

6052, Chassis 110452 ..........

6072, Chassis 110.454 ...

6092, Chassis 101.672-1B,
6093, Chassis 101.672- 1A...

Schematie, voltage, alignment,
socket, trimmers, chassis .
Parts list ...
Schematic, voltage .
Alignment, socket,
NOLES  wevvrreevenrererans
Schematie, voltage .
Alignment, socket,
parts list .vccciimimieniicnn.

. Schematic, voltage.
dial data
Clarified schematics
Alignment, socket,
PArtS ISt . corvsmigumrom s ssmnncsionss

SCOTT RADIO
SONORA RADIO

SEARS-ROEBUCK & CO.—(Cont.)

MODEL PAGE
6100, Chassis 101.660-1A ..... Schematic, voltage, alignment,
trimmers, chassis, dial data,

socket 15-10

Parws list 15-2

€104A, 6104B, Chassis
101, 662 2D, 610.)1\ 61058,
Chassis 101 662-2B ..icicinins Schematie, voltage, socket,
trimmiers, alignment
Olarified schematics ...
Dial data, chassis, parts list

6200, Chassis 101.800 .......... Schematie, voltage, alignment,
trimmers, socket, dial data,
chassis 15-13
Parts list 15-2
6220, Chassis 101.801 .......... Schematic, voltage, gnment,
trimmers, socket dial data,
chassis

Parts list
. Schematic, voltage, chassis,
dial data
Clarified schematics
Clarified schematics ...
Alignment, socket, trim 3
PArES  LiBb cecsmsese e robismacammcsncans 15-18

6230, Chassis 101.802

6685, Chassis 139.150,

Powr Shiftr
Chassis 101.660-1A
Chassis 101.662-2B
Chassis 101.662-2D
Chassis 101.672-1A
Chassis 101.672-1B
Chassis 101.800
Chassis 101.801
Chassis 101.802

. Schematie, Notes ..ocviiiiiiiiinriinnnne 15-19
See Model 6100

See Model 6105A

See Model 6104A

See Model 6093

See Model 6092

See Model 6200

. See Model 6220

See Model 6230

Chassis 110.451 . Schematic, voltage ... 15-20
Alignment, socket, trimmers,
Parts Llist jaw..smettcmemimmgenss 15-21

Chasgis 110.452
Chassis 110.451
Chassis 132.818
Chassis 139.150

See Model 6052
Sea Model 6072
See Model 6002
. See Model 6685

SENTINEL RADIO CORP.
EVANSTON, ILL.

269T, 269C, 269F ......o.cccennns Schematic, voltage, socket ........ 15-1
Clarified schematics ... . 15-2
Clarified schematics ... . 15-3

Alignment, trimmers, chassis ... 15-4
Push button, notes, parts list... 15-5
284W, 2841, 284NI, 284NA,
1U-284W, 1U-2841,

1U-284NT1, 1U-284NA ... Schematie, voltage, socket ... 15-6
Alignment, trimmers, socket,

chassis .. . 15-7

Parts list .. . 15-8

. Schematie, voltage, socket . 15-9

Alignment, socket, trimmers,

chassis
Parts list
Schematie, voltage, socket
Record Changer: General In-

strument Model 205.RCD.CII. 15-5
Alignment, socket, trimmers,

€chassis i
Dial data, notes, parts list .

. 15-10
. 15-8
. 15-17

. 15-18
15-19

................ Sechematie, voltage, socket ... . 15-11
Alignment, socket, trimmers . 15-12
Parts 1ist .occccecoeemeimmsomssenees 15-13

. 15-14
. 15-15

15-16
. 15-13

293W. 2931, 2937, 1U-293W,

1U-2931, 1U-293T

294N, 2941, 294T, 1U294\V
1U-2941, 1U- 294T ......... . Schematie, voltage, socket
Clarified schematics
Alignment, socket, trimmers,
chassis
Parts list

SETCIIELL CARLSON, INC.
2233 UNIVERSITY AVE.
ST. PAUL 4, MINN.
418 S e 3£ o s e oo Schematie, socket,
trimmers ....oceeeccenincene Mise. 15-19
SHERIDAN ELECTRONICS CORP.

2850 S. MICHIGAN AVE.
CHICAGO 1¢, ILL.

553R, 554R .ccovirneriiisicnnnninne . Schematic, socket ............ Misc, 15-20

SILVERTONE
See SEARS-ROEBUCK

SIMPLON
See INDUSTRIAL ELECTRONIC CORP.

SKY ROVER
See BUTLER BROS.

SONORA RADIO & TELEVISION CORP.
325 N. HOYNE AVE.
CHICAGO, ILL.
. Schematie, voltage, alignment,
socket, trimmers ... 15-1




SONORA RADIO
STEWART WARNER

SONORA RADIO & TELEVISION CORP.—(Cont.)

MODEL PAGE
RCUI oottt 25 st s o« Schematic, voltage .....cccooueeennn. 15-2
Alignment, socket, trimmers = ]

RDU 58 S st 5.5, 2 misnersies Schematic, \oltwge -

: Ahgmnent socket, trimmers .
) 125, G e e e Schematic, uhgnment socket,

trimmers
SPARTON

See SPARKS WITHINGTON CO.

THE SPARKS WITHINGTON CO.

2400 E. GANSON AVE.
JACKSON, MICH.

5-06 . Schematic . 151
Alignment, sock . 15-2
Voltage, dial data . 15-3
7-46, T-46-PA, 846, 846-PA... Schematic, voltage, dial
data  .ccrecereennnn -5, 6
Record Changer: Seeburg
Model RCD.CIIL. 15-2
Clarified schematics ............... 15-4
Alignment, socket, trimmers 15-7
846, 846-PA . Seo Model 7-46
SPIEGEL, INC.
1061 W. 35TII ST.
CHICAGO 9, ILL.
F Compact, P Compact,
Battery Eliminators .......... Schematics ....... = e 15-1
XK oy sy .. Schematic, allgnment socket
trimmers .. 15-2
1-53 1| s irarmrone Schematic, voltage,
1991000071 o S 15-3
D e €l Wiy — i wor gy Schematie, voltage,
trimmers 15-4
2-560 to 2-569 inclusive ... Schematic, voltage, socket,
EEUMIETS  cooovoseosroeoeoroesenemreeesorenne 15-5
2-610 to 2-619 inclusive ... Schematic, voltage,
trimmers 15-6
Clarified schematics . 15-7

... See Model 651
- Schematie, voltage, alignment,
socket, trimmers

Chassxs FJ-97
6B

Sehematic ... -
Clarified schematics 15-10
390 &smamimisea Schematic . 15-11
Alignment, socket, trimmers
parts list .. 15-12
397 Schematic, soc 15-13
408 ... Schematie, socket . . 15-14
433 . Schematie, alignment, socket,
trimmers ... 15-15
Parts list .. . 15-17
TB-508 isnrpaurmmmsimmirties Schematic, alignment, socket,
trimmers . 15-16
TK-504, TK-514 ..ccooinnnnnn. Schematic 15-17
Alignment, socket, trimmers 15-18
568 s, Schematic 15-19
Clarified sc i . 15-20
Alignment, socket, trimmers,
dial data i, . 1521
Voltage, chassis, parts list . 15-22
G310 D R W | LIS P Schematie . 15.23
Alignment, socket, trimmers,
dial data . 15-24
Voltage, chassis, parts list 15-25
5 ] e I — Schematic, socket .. 15-26
Clarified schematics . 15-27
Notes, parts list . 15-28
582-1 Schematic . 15-29
Voltage, alignment, socket,
trimmers ..., 15-30
630 mebbdl it e e o m—— Schematic, voltage, alignment,
socket, trimmers ... . 15-31
("Iarzﬁed schematics . 15-32
T-630)  suiiamimmesivrstiws o bt Schematic, alignment, socket,
trimmers 15-33
TR-640 Schemnratie, nllgnment socket,
trimmers .. 15-34
Olarified schematics . . 15-35
Clarified schematics . 15-36
651, 6514, 6541, 6547,
6511, Chassis FJ-97 ... Schematic, socket, alignment,
trimmers ...cecoeeceeionieennene 15-37
Record Changer Seeburg
Model X CH. 15-2
Parts 1ist .oocicniiiniesreeeiene 15-9
5001 . Schematic, a 1gnmen socket,
ATIIMETS  ooveoeosvesessesosressermsseseen 15-38
6511. 6514, 6541, 6547, ... See Model 651
Z-7004, Z-7052 . Sce Model W-106
STANLEY SERVICE STATION
ARLINGTON, VA.
GNNO oo g Schematic, push button ...... Mise. 15-21

STEWART WARNER CORP.
1826 DIVERSEY PARKWAY
CHICAGO 14, ILL.
17-8E1, 17-8E9, 17-8E9Z,
17-8E12 ..t Schematic ... s e omsnes se 53| 1071
(Contmued)

STEWART WARNER CORP.—(Cont.)

MODEL
17-811, 17-8E9, 17-8E9Z,
17-8512 (Cont.) ..cevveveennn..

61T16, 61T26

61TR36, 61TRA6 ..o,

62T16(5023-C), 62TC16-

(9023-D), 62T(26-

(9023-B), 62TC36-

(9023-F) " oo
62TB6 oo

62TC16, 62TC26, 62TC36

72CR16, 7T2CR26

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,

9007-A,

9009-B,

O0F4-E o v e 3 o snssinapsagnmm=s o

9017-A ..

. Schematic, voltag

. Schematie,

PAGE

Record Changer: Genera
Industries GI-C120. A R C.&R 248
Clarified schematics ... 15-2

Alignment, socket, trimmers 15-3
Parts Tist ....omms e iistesbis mmeisicsies v 15-4
. See Model 17-8E1
Schematic, voltage, dial and
coil data ., 15-5
Alignment, gain, socket,
trimmers

dial data
Alignment, gain, socket,

trimMmers .o 15-8
Schematie, voltage, coil and
switeh data .oeciiiniiniee 15-9

Record Changer: General
1nstrument Model 205
RCD.CH. 15-5
Alignment, gain, dial data,
socket, APIILIIGES eurmvvrrosnseorrsernees 15-10

Schematic, voltage, coil
ata
Clarified sc
Alignment, socket, trimmers .
Dial data, notes o
bchematxc voltage, switch and
coil data ..o
Clarified schematics .
Alignment, gain, socket,
trimmers, dial data e 15-17
See Model 62T16
Schematice, switeh and coil

data 15-18
Record Changer: Webster
Model 50 ... RCD.CH. 15-1

General Instrument Model
205 .. RCD.CH. 15-5
Clarified sehematics -
Alignment, socket, trimmers ... 15-19
Voltage, gain, dial data,

push-button switeh ... e 15-20
Schematic, voltage, coil aml

switch data ... . 15-21
Clarified schematics .. 15-47
Alignment, gain, socket,

trimmers, dial data . 15-22

Schematic, voltage, coil and
switch data

Clarified schematics cne 152
Alignment, socket, trimmers . 15-26
Gain data .o 15-15
Schematic, voltage, coii data ... 15-27
Alignment, gain, socket,

ttunmers, dial data .ceeeeenns 15-28

Schematic, voltage, coil and
switch data
Clarified schematics
Alignment, socket, tri
Gain, dial data, lead dress,
notes
Schematie, clmnges, notes
Olarified schematics .............
Aligninent, socket, trimmers ...... 15-32
Gain, dial data, lead dress,
notes

switch data
Record Changer: Webster

Model 50 ..covinrvnnnes RCD.CIH. 15-1
Clarified schematics -
Alignment, socket, trimmers
Gain, dial data .ceeceenaeneens

. Schematie, voltage, coil data...... 15-40

Alignment, gain, socket,
trimmers, dial data
Schematie, voltage, coil data ...
Alignment, gain, socket,
trimmers, dial data ... 15-43
Schematic, dial data, coil and
switch data, lead dress ... 15-44
Record Changer: General In-
strumeni Model 205.RCD.CH. 15-5
Alignment, gain, voltage,
socket, trimmers ..
Schematie, voltage, coxl and
switch data
Clarified schematics
Alignment, gain, socket,
trimmers, dial data
Schematie, voltage, coil a
switch data
Olarified schematics
Alignment, socket, trimmers o 2
Gain, dial data, parts list ... 15-52

See Model 62T16



STROMBERG CARLSON CO.
ROCHESTER 3, N. Y.
MODEL PAGE

1020PL, 1020PL}, 1120LW,
1120PLW, 1120PLM,
1120PL, 1120PM ..ccornnen Schematic, gain, voltage ... 15-1
Record Changers:
Model 1020PL, Seeburg
Model K ..occecenn RCD.CH.
Model 1120PL, Seeburg
Model K . ~RCD.
Oak Model 6 RCD. (,H
Clarified schemalics
Wiring diagram ...
Alignment, socket, trimmers
Parts list
. Schematic, gain, wiring
diagram ... 15
Voltage, aligm
trimmers -
Parts list

1100H, 1100HI

1101-HB, 1101-ITT,
1101-HM, 1101-HW,
1101-HY SchematiC ..oocoociirimrmrrienennins 15-9
Voltage, alignment, socket,
irimmers ... 15-10
Wiring dlugmm

1121-PFM. 1121-PFW,

1121-PGM, 1121-POW,
1121- PLVV 1121-PLM,
1121-M1- O 1121-PSM,
1121-M2- Y 1121-M2-W,
1121-LW, 1121-HW ... Schematic, gAIN e
Record Changers:
Seeburg Model L........
Webster Model 50....RCD. CH. 151
COlarified schemalics . 15-
Clarified schematics ...

Voltage, socket, dial data,
identification table .. . 15-12
Wiring diagram
Alignment, part 1, socket,
trimmers
Alignment, part 2
Parts list, changes

TELETONE RADIO CORP.

609 WEST 51ST ST.
NEW YORK 19, N. Y.

100, 101, 111, 113,

Chassis A, ot YLV .. s mmm o SChemAtiC .ooccirriricioiaenseeiearossesnsssnns 15-1
100, 100A, 101, 10‘) 111,

122 130, Chassis A

Late s s embie vt foes Schematic .evcevmer e 15-2
101J, 122J 130J, Chassis

Series =
109, Chassis A, Late
111, Chassis A, Barly .
111, Chassis A, Late

. Sch8matic oo 15-4
See Model 100, Chassis A, Late
Seo Model 100, Chassis A, Early
See Model 100, Chassis A Late

115, Chassis Series B . . Schematic .ccccovrmniiinir e 15-3
117, 117A 118, 120,

Chassis Series D . Schematic oo 15-4
122 .. See Model 100, Chassis A, Late
122J See Model 101
130 Sees Model 100, Chassis A, Late
130 See Model 101J

Schematic ...
See Model 1
See Model 100
See Model 115
See Model 134
. See Model 101J

J
134. Chassis
Chassis A, Early ...
Chassis A, Late .
Chassis Series B .
Chassis Series C .
Chassis Series J ...

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

Qlarified schematics 15-3

P-13 (F-617) ccoiiciiiieeiiernenenne Schematic 15-4

Record Changer: Detrola Mode

550 " oot s 5 s o RCD.CII. 15-1

E-510 to E-519 inclusive ....... Schematic, ali b
Parts list
E-511 Schematie,
L-525 .. .. Schematie
F-611 . Schematic,
. Parts list
F-617 See Model
G-61D mecvrorieasonmsins siiins e -s5Ti dremmnamarres Schematic

TEXAN RADIO MFG. CO.
HOUSTON, TEXAS

199 Sehematic ..o 15-1

Alignment, voltage, resistance ... 15-2

204 Schematic ........ 15-3

Alignment, voltage . . 15-4

STROMBERG CARLSON
WARWICK

TRAVELER RADIO CORPF.
1028 WEST VAN BUREN ST.
CHICAGO 7, ILL.

MODEL PAGE
Chassis 100 See Model 5000
Chassis 102 See Model 5002
Chassis 104 See Model 5007
Chassis 105 .. See Model 5010
. See Model 5020

Chassis 800 ... .
5000, 5001, Chassis 100 ... Schematie
Alignment, socket, trimmers
5002, Chassis 102 .. Schematic .o
Alignment, socket, trimmers
5007, 5008, 5009,
Chassis 104 .orrirrrrenaene Schematic, alignment, socket,

trimmers

5010, 5011, 5012,
Chasgsis 105 . Schematic, alignment, socket,
trimmers

Clarified schematics ..

5020, Chagsis 800 ..ccoceiirvianinnas Schematic, alignment, socket,

LTIIIIIETS  eereorensrnmeossiossasavasasasoss 15-6

TRUETONE
See WESTERN AUTO SUPPLY

ULTRADYNE
See REGAL ELECTRONICS

U. 8. TELEVISION MTG. CO.
3 TWEST 615T ST.
NEW YORK 23, N. Y.
15-1

15-2
. 15-3

L1 U D R oy e S X | Sehematie ...

Voltage, align

trimmers

5-46 SEries .ccocoveirreermmaessesiueciaiine Schematic
Voltage, nlignment, socket,

tPIMIMErs  .cooovoereeeesinenennenee 15-4

Y-LECTRICAL MFG, €O.
828 N. IIIGHLAND AVE.
LOS ANGELES, CALIF.

U/ET: TS L VA M Schematic, socket,
trimmers . ...Mise. 15-22
A 11 Sy Schematic ... isc. 15-22

WALGREEN CO.

744 BOWEN AVH.
CHICAGO, ILL.

BBB  oreerreeorrasensieeasseersesannesaeseseeras Schematic ..eceeese
Clarified schematics .

Alignment, socket, trimmers,

dial data

Voltage, chassis, parts list

571 . Schematic

Alignment, socket. trimmers,

dial data ..

Voltage, chassis, parts list

B =

L

e e e T
son g
S LR

WARWICK MFG. CO.

1640 WEST HARRISON ST.
CHICAGO 44, ILL.

Q100 it s ammssm . - ik bin b s Schematic, voltage, socket,
trimmers, alignment ... 15-1
. Schematie, voltage, alignment,
socket, trimmers ... 15-2
Record Changer: Detrola
Model 550 R
General Instrument
Model 205 ........... RCD.CH. 15-5
C-102 e e Schematic, alignment, socket,
[200 11801:) - SOOI 15-3
Schematic, alignment, socket,
trimmers . 15-4
Parts list ..
O-L04 i ssmas e same somvapinssomwy Schematic, alignment, socket,
trimmers . 15-6
Parts list
(15 11 7. NP Schematie, alignment, socket,
trimmers . . 15-7
Parts list ..
C-105 Schematic
Record Changer: Detrola
Model 550 . ...RCD.CH. 15-1
Milwaukee ErV\ood "Model
RCD.CIT. 15-1

Alignment, socket, trimmers .
O-105-A  coeecvieecrecessnncessnsssisnssisacccns Schematic
Record Changer: Detrola
Model 550 ... RCD.CH. 15-1
Milwaukee Erwood Model
10700 RCD.CH. 15-1
General Ins
Model 205
Alignment, socket, trimmers ...... 15-7
C-108 Schematie, alignment, socket,
F20 110 107D o S PP 15-10




WATTERSON

ZENITH
WATTERSON RADIO MFG. CO.
2700 SWISS AVE.
DALLAS 1, TEXAS
MODEL PAGE
4581 Schematlc, alignment, socket,

trimmers
Schematic, socket, trimmers .

4582

WESTERN AIR PATROL

5-Tube Super. '34-'35 . Schematic, alignment, voltage ...
38(W415) v, . Schematlc voltage
Clarified schemntws
TE(WABT) i Schematie, socket
Clarified schematics -
W415 .. See Model 38
W487 . See Model 76

ek ek ok ok ot
[SrRrae
T3t DD it

WESTERN AUTO SUPPLY CO.
(TRUETONE)
2107 GRAND AVE.
KANSAS CITY, MO.
D1645 . firtpaimt mbebeen Mol i Schematie, voltage, coil data ... 15-1
Record ()hzmger: Oak Model
~RCD.CH. 15-1

. 152
Socket, trimmers, Imrts list ...... 15-3
Ahgnment trimmers, dial data.... 15-4
D2610, D2611 . Schematic, voltage, dial data 15-5
Alignment, socket, trimmers 15-6
Parts list . 154
D2612 e Schematie, gain, coil data,
socket 15-7
Alignment, trimmers, voltage,
dial data 15-8
Parts list 15-9
D2613 e Schematie, gain, coil and
switch data ... . 15-10
Clarified schematics 15-11
Alignment, socket, trimmers,
voltage, dial dntn o 15-12
Parts list & . 15-9
D2615 . Schematie,
button 15-13
Alignment, socket, trimmers,
parts list ... S me— . V]
D2620 . Schematie, voltnge “coil and
dial data 15-15
Alignment,
parts list . 15-16
WESTERN AUTO OF CALIFORNIA
(CORONADO)
1100 SOUTH GRAND AVENUE
LOS ANGELES, CALIF,
43-6451 . Schematie, voltage ... . 15-1
Ahgnment socket, trxmmt.rs c011
data, dial data, chassis ... 15-2
43-8685 | scr-torisemnamarsabeseineceschinammine Scl)ematlc volt'xge, alignment,
Qial dBA oo 15-3
Socket, trimmers, chassis,
coil data, parts list ........... 15-4

WESTINGHOUSE ELECTRIC CORP.
SUNBURY, PENNSYLVANIA
H104, H105, H107, H108,
H110 Hlll H137 11138.. Schematic, dial data, voltage,
DUSh BULLON weoonoooerrore 15-1
Record Changers (Models H107,
H108) : General In<trument
Model 205 ...
(Models H110, 11) Gen-
exbal Instrument Model
2

Record Changer: G stru-
ment Model 205........ RCD.CH. 1

4 Lo e —- CD.CH. 15-1
Clarified schematics . 15-2
Alignment, socket, trimmers 15-3
Chassis, parts list . 15-4
H122, H180 oo, Schematlc voltage, resistance,
dial data ... . 15-5
5-5

Alignment, socket, trimmers 15-6
Chassis, parts list ... 15-7
H125, H126 .. Schematlc voltage, resistance... 15-8

Allgnment socket. trimmers .
Circuit cll'mge varts list ...
See Model H122
See Model H104

WESTINGHOUSE ELFECTRIC INTERNATIONAY, CO.
350 TIFTH AVENUE
NEW YORK 10, N. Y.
B470-A, B470-B, B470-C,
B470-D

H130 ...
H137, H138

.................................... Schematic, voltage .............. 15-1
Alignment, socket, trimmers,
parts list . 15-2

WILCOX GAY CORP.
CHARLOTTE, MICH.
6B10, 6B20, 6B30, 6B32,
E'xrly. Serml Nos
700,000 to 701,751 . Schematie, voltage ...
Clarified schematics
Olarified schematics

WILCOX GAY CORP.—(Cont.)
MODEL PAGE
6B10, 6B20, 6B30, 6B32,
Late, Serial Nos.,
701,752 to 703,631 .............

Schematic, voltage ..
Clarified schematics
Clarified schematics
A-36, A-3T e, Schematic ...............
Clarified schematics

WOOLAROC
See PHILLIPS PETROLEUM

ZENITH RADIO CORP.
6001 DICKENS AVE.
CHICAGO 39, ILL.
. Antenna installation notes ....... 15-100
See Model 4K0O16
. See Model 4K035

Ford, Mercury
Chassis 4052 .
Chassis 4C53 ...
4016, Chassis 4C52;

4K035 Chassis 4053 .......... Schematic, voltage, gain,
coil data .cceniiinn 15-1
Alignment, socket, trimmers 15-2

5B042, Chassis 5C26T .......... Schematic, voltage gain, notes.
Clarified schematics

Clarified schematics

Notes
Alignmen
notes

Chassis . See Model 5DO11
Chassis .+ See Model 5D0112
Chassis . See Model 5R080
Chassis - See Model 5RO862Z
Chassis - See Model 5R080
Chassis - See Model 5DO12T
Chassis - See Model 6SO71T
Chassis - See Model 5B042
Chassis - Seo Model 5S042AT
Chassis - See Model 5D042T

5D011, o 0 .
5D027, Chassis 5C01;
5D011Z 5DO11ZW,
5D011ZY 5D0272,
Chassis 5001Z srensnesneeensn. Schematic, voltage, gain

coil data ..

. 15.8

Alignment, socket, rxmmets v 15-9
5DO12T, Chassis 5C60T .. Schematic, voltage, gain,
coil data . 15-10
Clarified schematics 15-11
Notes . 15-12
Alignment, socket, tnmmers,
notes ... essserensens 15-13
5D042T, Chassis 5C64T ... Schematic, voltage' g‘un
coil data 15-14
Clarified schematics . 1515
Clarified schematics 15-16
Notes  ascrimmssmn, 15-17
Operating notes 15-18
Alignment, socket, trimmers ...... 15-19
5R080, Chassis 5C04;
5R086, Chassis 5C02;
5R0862, Chassis 5C02Z...... Schematie, voltage, gain,
coil data .. 15-20
Alignment, socket, trinimers . 15-9
Record changer (Model
5R086) : Zenith Model
S11468 .o RCD.CH. 15-1
58042AT, 5S042BT,
550420’1‘ Chassis 5C63 ...... Schematic, voltage, gain,
coil data ... . 15.21
Clarified schematics 15-22
Clarified schematics .. . 15-23
Notes o 15-24
Operating notes, alignment,
socket, EEIMMETE wovveoreeseserreoninns 15-25
Chassis 6B19 See Model 6MFG90
Chassis 6CO1 . = See Model 6DO14
Chassis 6CO5, Early, Late ... ggq Model 6DO15
Chassis 6021 . ~ See Model 6RO84
Chassis 6C22 . ~ See Model 6RO87
Chassis 6040 . - See Model 6G0O01
.ChaBS]s 6C81 . See Model 6MFOS80
Chassis 6082 . * See Model 6MNO82
6D014, 6DO029,
Chassis 6001 © Schematic, voltage, gain,
coil data .o, 15-26
Alignment, socket, trimmers,
notes

6D015, 6D030, Chassis

6CO5 Early Schematic, voltage, gain,

[LOTIRET | ¥ iy iy

. Alignment, socket, trimmers
6D015, 6D030, Chassis G

6C05 Late .

* Schematic, voltage, gain,
coil data .
Alignment, socket, trimmers
238?53 - See Model 6DO14
4 A See Model 6DO15
6G001, Chassis 6C40 . Schematic, voltage, gain,
P T T
Alignment, socket, trimmers

6MFO80, Chassis 6081, 1946
Ford Adjust-O-Matic

51A-18805-A1 oot Schematie, voltage, gain ......... 15-32
Alignment, socket, trimmers,
chassis ..o e e 15-33

(Continued)



ZENITH RADIO CORP.—(Cont.)
MODEL PAGE
6MFO080, Chassis 6C81, 1946
Ford Adjust-O-Matic

51A-18805-A1 (Cont.) ...... Installation notes, suponression
and circuit notes .
Parts list
6MF690, Chassis 6B19, Ford
Adjust-O-Matic
21A-18805-A1 .o Schematie, specifications ... 15-36
Voltage, alignment, socket,
trIMMErs  coovivcincsiniiiceecie e 15-37
Installation, suppression, and
cireuit notes 15-38
Parts list ... 15-39
6MHO081, Hudson DB46 ..... Schematic, voltage, gain . 15-95
Alignment, socket, trimmers,
ChASEIS i a8

Tuning and installation notes
Interference notes

Parts list
6MNO82, Chassis 6C82,
Nash Schematie, voltage, gain ... 15-40
Alignment, circuit, socket,
trimmers ... . 15-41
Suppression notes 15-42
Assembly, parts list 15-43
6R084, Chassis 6021 ...c.ccoees Schematic, voltage, gs
(7335 G 111 ¥ 15-44
Record changer: Zenith Model
S11468 | Gocekimae sl RCD.CH. 15-1
Alignment, socket, trimmers ... 15-46
6RO87, Chassis 6C22 ... Schematie, voltage, gain,
coil data .. . 15-45
Record Changer Zemth Model
S11468 .ccviiiiirnrinns RCD.CH. 15-1
Alignment, socket, trimmers ..... 15-46
6S0OT1T, Chassis 5C61T ... Schematic, voltage, gain

Clarified schematics .
Notes
Tuning and record- cha.nger
notes, part 1 .
Record changer notes, part 2
Alignment, socket, trimmers
Chasggis TCOIT .iiriiieaiiasinens See Model 7J045T
Chassis 7C80 ... .. See Model 7MLO80
73045T, Chassis 7 Schematie, voltage, gain
Clarified schematics ...
Clarified schematics ....
Notes
Circuit and operating notes ..... 15-58
Alignment, socket, trimmers ... 15-19

15-54

7MLO80 Lincoln, TMLO81

Continental, Chassis 7C80.... Schematie, voltage, gain ... 15-59
Alignment, socket, trimmers,
chassis, circuit notes ............. 15-60

Assemblies, installation, tuning
notes .
Parts list ..
.. See Model 8HO23
. See Model 8TI032
.. See Model 9¥1079
.. See Model 8G0OO5
.. See Model 8GOO5BT
. Schematic, voltage, gain
coil data ...

Chassis 8CO1 .
Chassis 8C20
Chassis 8C21 ..
Chassis 8C40
Chassis BC4OBT -~
8G0O05, Chassis 8C

MODEL
8GOO05BT, Chassis 8C40BT....

ZENITH

FARNSWORTH
ZENITH RADIO CORP.—(Cont.)
PAGE
Schematic, voltage, gain,
coil data ... 15-67, 68

8G005, 8GOO5BT ....cccvvvnee

8H023, 8HO34, Chassis
8C01

8HO32, 8HO33, 8II050,
811051, 8HO52, 8HO61,
Chassis 8C20, Early, Late....

SHOS34 . eaitimiiusetrss s foosssio

8HO50, 811051, 8HO52,
F2Y2 (o 13

9HO79, 911081, 9HO82,
911085, 9H088, Ch:\ssis
8C21, Early, Revised ...

8HO79, 911081, 9HOS82,
9HO085, 9HO88, Chassis
8021, Late ..ccoviiiicnniniinnns

Chassis 11021 ..iiiiieicniniis

12HO090, 12HO091, 12HOY2,
12HO093, 12HO094, Chassis
11021, Barly i

12H090, 12HO091, 12HO092,
12HO093, 12HO094,
Chassis 11021, Late ...........

15-64
. 15-65

Clarified schem
Clarified schematics . =
Clarified schematics . .. 15-66
Alignment notes ... .. 15-69
Alignment, socket, trimmers ... 15-70

Schematic, voltage, gain,

coil data, notes ..... 15-71, 72
Clarified schemnutics . 15-73
Alignment notes, socket, trim-

mers, hum notes 5-74
Alignment  .eees 15-75
Schematic, voltage, gain,

coil data 15-77, 78
Clarified schematics . .
Alignment
Socket, trimmers, alignment

notes . 15-80
Notes, Changes ...c.oeciermnninn 15-86

See Model 8HO23
See Model 8HO32

Schematic, voltage, gain,

{171 QG £V RO ——— 15-81, 82
Record Changer Zenlth Model

S-11680 ......... ..RCD.CH. 15-9
Clarified schemahcs a .. 15-85
Alignment ... . 15-79
Socket, trimn

NOLES  ovvreriinrininns . 15-80

~ 15-86

Notes, changes

Schematic, voltage, gain,

coil data
Clarified schematics .
Alignment
Socket, trimmers, alignment

notes ...
Notes, cha es o
See Model 12H09

Schematie, voltage, gain,
coil data ..o 15-87, 88
Record Changer: Zenith Model
S-11680 i
Clarified schematics .
Clarified schematics .
Alignnient notes
Socket, trimmers,

Schematic, voltage, gain,

coil data ...ooioiiinniiiiine 15-91, 92
Record Changer: Zenith Model

S-11680 i RCD.CH. 15-9
Clarified schemuatics . . 15-89
Clarified schematics . 15-90
Alignment nctes ... 15-93
Alignment, socket, trimmerg ... 15-94

INDEX to RECORD CHANGERS

ADMIRAL CORP.

3800 CORTLAND ST.
CHICAGO 47, ILL.

MODEL PAGE
11 0) -1 I ———— Top view, operating instrue-
tiONE Gimreremrymemog. RCD.CH. 15-1
Deseription of change cycle
ROD.CH. 15-2
Adjustments .....oceoveiene RCD.CH. 15-3

Servicing and repair...RCD. CH. 154
Exploded view ... .RCD.CH. 15-8

Parts list ...
Trouble chart .
RC160 Top view, operatmg mstruc-
tions .RCD.CH. 15-11
Descriptio:
RCD.CH. 15-12
Adjustments ....o.oeoeenn RCD.CH. 15-13

Servicing and repair.

Exploded view ...

Parts list
RC1B0A ..o smeectennne Notes

“RCD.CH. 15-16
. 1517

CONCORD RADIO CORP,
901 WEST JACKSON BOULEVARD
CHICAGO 7, 1LL.

‘MODEL PAGE
BDBARC  sumivivemmsimmibsmmmrsssas Operating instructions..RCD.CH. 15-1
Parts list ccocveiiiniiinnene RCD.OH. 15-3
FARNSWORTH TELEVISION & RADIQO CORP.
FORT WAYNE, IND.
P-51 Top view, notes ........ RCD.CH. 15-1

Top view without turntable,
motor assemblies ...... RCD.CH. 15-2
Main cam and associated assem-
blies, parts list ........ RCD.CIHL. 15-3
Friction trip assembly, record

support post . 154
Bottom view n . 15-5
Tone arm and tone arm lift

lever o .CH. 15-6
Lubrication .RCD.CH. 15-7

..RCD.CH. 15-8
.RCD.CH. 15-11
. 15-12

Cycle of operation
Trouble notes .
Parts list



GALVIN

SEEBURG
GALVIN MFG. CORP,
4545 AUGUSTA BOULEVARD
CHICAGO 51, ILL.
MODEL PAGE
B-24RGC  cnencersisnsnssissnssassissnnsnesss ' TOp and bottom views.. RCD CH. 15-1
Operation theory ... CD.CH. 152
Main cam wheel, trlgger release
and start of cycle“..RCI).CII. 15-4
Pickup arm movements, record
drop mechanism ... RCD.CH. 15-5
Trigger reset and selector switch
drawings ..o, RCD.CH. 15-6
Pickup data and assembly
RCD.CH. 15-7
Adjustments ...RCD.CH. 15-8
Routine checks and adjust-
MENLS v vecieereneenen RCD.CH. 15-9
Adjustments of pickup ‘u‘m and
limit stop ... .RCD.CH. 15-10
Vertical adjustment o plckup
£33 1 QT o e RCD.CH. 15-131
Eccentric stub adjustment, serv-
ice information ....... RCD. . 15-12
Service information . 15-13
Parts location detail . 15-14
Parts list .coveeennen . 15-15
Parts list, concluded... 'RCD.CH. 15-16

RC60

GARRARD CORP.

401 BROADWAY
NEW YORK 13, N, Y.

D.H. L16 Motors

Top views, operating instruc-

tions, installation.....RCD.CH. 15-1
Maintenance and adjustments
RCD.CH. 15-2
Chassis identification, top
view . 15-4
Motor asse
a . 15-5
Chassis identification...RCD.CH. 15-6
Parts list .ooovnveieniienis RCD.CH. 15-7
Parts list, concluded...RCD.CH. 15-8
Parts identification RCD.COH. 15-9
Parts list .cniiiiiiininn CD.CH. 15-10

GENERAL INSTRUMENT CORP.
329 NEWARK AVE.
ELIZABETH, N. J.

204 ... Top view, operating notes
RC
Operating notes ...
Service adjustments
Parts list ovniiininnn.
() S Top view, operating notes
R
Operating notes .........
Service adjustments
Parts list
INTERNATIONAL DETROLA CORP.
BEARD AVE. AT CHATFIELD
DETROIT 9, MICH.
550 Top views, general deserip-
(0] R oy RCD.CH.
Operating instructions, change
CYCLO! “nopoch hnnssimssisoms=s2: - RCD.CII.
Change cycle, concluded, precau-
tionary notes .RCD.CH.
Adjustments .RCD.CH.
Trouble sympto ts list
RCD.CH.
MAGUIRE INDUSTRIES, INC.
1437 RAILROAD AVE.
BRIDGEPORT, CONN.
ARC-1  oicoenvoiinasmmonmo ssosssssssigabumsa TOp VIOW .worcvcrcerersecrinns RCD.CH
Moving parts notes, cycle of
operation, part 1... RCD.CH.
Cycle of operation, part 2,
loading notes .. .RCD.CH.
Troubles and adjus 3
hs7:9 o T e ——— RCD.CH
Exploded view drive assembly
RCD.CI.
Exploded view changer
mechanism ... RCD.CH.
Exploded view tone arm and
changer mechanism..RCD.CH.
Parts list RCD.CH.

10700 Series

MILWAUKEE STAMPING CO.
MILWAUKER 14, WISC.

Operating instructions..RCD.CH.
Cycle of operation ...... RCD.CH.
Adjustments and procedures.
part 1 RCD.C
Adjustments, part 2, parti
ist CD.CH.
RCD CH.

Sn,rucmg procedure .

&GN kb

15-1
15-2

15-4
15-5

15-10

. 15-1

15-2
15-3

. 154

15-6
15-7

15-8
15-9

15-1
15-2

H. 15-3

15-4
15-5

OAK MFG. CO.

1260 CLYBOURN AVEH.
CHICAGO 10, ILL.

MODEL PAGE
6666 Top view, operation ...RCD.CH. 15-1
Bottom view, adjustments,
PArt 1 cumcsmibimi.. 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. 154
Main gear assembly, “trouble
shooting, part 2 ...... RCD.CH. 15-5
Tone arm assembly, trouble
shooting, lubrication
RCD.CH. 15-6
Parts list .covcsversccecvasenn 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...RCD.CH. 15-3
Recorder adjustment...RCD.CH. 15-4
RCA MFG. CO.
CAMDEN, N. J.
960001-1,960001-2,
960001-3 .ot Top view, operating notes
RCD.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 .eeiinininn RCD.CH. 15-7
Automatic cycle of operation,
part ..RCD.CH. 15-8
Automatic and manu l cycles
of operation ... H. 159
Timing adjustments checks
RCD.CH. 15-10
DBOO0LE  ......ccooveemcunensenssenstonssianastior Top view, operating notes
.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 plckup ...... RCD. 15-15
Parts list oiivinviincnenns RCD.CH. 15-16
960260-1, 960260-2 .....ccceveeeeees Functions of principal parts
RCD.CH. 15-17
Adjustments ...RCD.CH. 15-18
Bottom view, tone arm
mechanism ... RCD.CH. 15-19
Parts illustratio RCD.CH. 15-20
Trouble shooting . . 15-21
Operation d . 15-25
Cycle of operation, pnrts list
RCD.CH. 15-26
J. P. SEEBURG CORP.
1500 DAYTON ST.
CHICAGO 22, ILL.
B8AN o e Rt e et Changes, notes ..RCD.CH. 15-1
K Operation notes .CH. 15-2
Cycle of operation = . 15-3
Drive gears 1llustrat10ns
RCD.CH. 15-5
Cycle of operation, part 3; de-
tailed description of pnrts
RCD.CH. 15-6
Detailed description of parts,
purt 3; adjustments, part
.................................. RCD.CH. 15-8
Vxews of drive mechumsm, tone
arm ... ..RCD.CH. 15-9
Ad]ustments, part 2 ..RCD.CIL. 15-10
Adjustments, part 4; reproduc-
tion faults, lubrication
D.CH. 15-12
Top view parts identifica-
1113 Qe T, RCD.CH. 15-13
Bottom view parts identifica-
oD | Aarvrel el s s s dicds RCD.CH. 15-14
Bottom view, drive gear re-
moved, parts identiﬁcntion
CD.CH. 15-15
Drive ge'\r assembly p'lrts
identification .RCD.CH. 15-16
Parts list ......... . 15-17
L .. Operation notes . - . 15-18
Helpful hints, cyele of automatic
operation, part 1 ...... RCD.CH. 15-19
(Continued)



J. P. SEEBURG CORP.—(Cont.)

MODEL PAGE
L (00nt.) oo Oyclo of automatic operation,
PATE 2 eivccreererescstsssiies RCD.CH. '15-20
Side and bottom views.RCD.CH. 15-21
Cycle of automatic operation,
PATE 3 ceeveeecneiesorierenrn ROD.CIL. 1522
Detailed views of drive
mechanism ...RCD.CH. 15-23
Detailed bottom view ‘RCD.CH. 1524
Cycle of automatic operation,
part 4; description of certain
functions RCD.CH. 15-25
Cutaway drawings ‘ROD.CH. 15-26
Descriptions of certain func-
tions RCOD.CI. 15-27
Cutaway views . ..RCD.CH. 15-28
Mechanical ad]ustments, part
b (S RCD.CH. 15-29
Detailed drawings ... RCD.CH. 15-30
Mechanical ad]ustments part
2 RCD.CH. 15-31
Mcchan adjustments, repro-
duction faults ... CD.0H. 15-32
Top view parts identifica-
tHON  .veeosmasawoniaiianss RCD.CH. 15-33
Dottom view parts identifica-
BIOT | e oo oot b RCD.CH. 15-34
Bottom view, drive gear re-
moved, parts ldentlﬁcatlon
D.CH. 15-35
Bottom views, drive gear re-
moved, parts identification
RCD.OH. 15-36
Drive gear assembly parts
identification .ROD.CH. 15-37
Parts list .RCD.CH. 15-38
THORENS, INC.
295 5TH AVE.
NEW YORK 16, N. Y.
OD-40 oo eesansarnsansinen .. Adjustment of pickup, record
feeding mechanism, part 1
RCD.CH. 15-1
Record changing mechanmm
D.CH. 15-2
Top and hottom 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.C 15-6
Notes, adjustment ......RCD.CH. 15-7
Parts identification d 15-8
Parts identification .. . 15-9
Parts list .coveverennn oo RCD. CIl. 15-10
V-M CORP.
4TH & PARK STREETS
BENTON HARBOR, MICH.
400 Operating notes, top VleW
D.CH. 15-1
Top view, parts layout. RCD CH. 15-2
Bottom view, parts layout,
parts st ..o RCD.CH. 15-3

SEEBURG
ZENITH

WEBSTER CHICAGO CORP.

5610 BLOOMINGDALE AVE.
CHICAGO 39, ILL.

MODEL PAGE
50 . Operation notes ...... RCD.CH. 15-1
Operation notes, concluded Serv-
ice information ....RCD.CH. 15-2
Service repairs ... .RCD.CH. 15-3
Service repairs, concludcd
lubrication D.CH. 15-4
Repair xllustratlons top v1ew
RCD.CH. 15-5
Lubrication notes, concluded,
mechanical repairs... .RCD.CH. 15-6
Mechanical repairs concluded
side views .RCD.CH. 15-7
Sub-plate assembly, i
points RCD.CH. 15-8
Parts list . .CH. 15-9
BB eeerieiecoaeneniritiaresnannnastetmssiasaniasere Operation notes, top vmw
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