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TYPICAL RECEIVER DIAGRAMS
AND HOW TO ANALYZE THEM ‘

SCHEMATIG,clrcuit diagrams of radio re-
ceivers can tell you many highly practical
facts once you learn how to analyze 'these
diagrams. The complete story of a radio re-
ceiver is condeused into its eircuit diagram,
with-every path for signal currents and sup-
ply currents clearly shown. One glance at a
diagram is enough to tell you how many
tubes there are in the receiver. With a bit
more study, you can find out how many other
parts there are and what the electrical size
of each part is.

Practice Makes Perfect. There are only
two simple requirements for acquiring the
ability to analyze circuit diagrams. The first
is a clear understanding of common radio
circuits, and this you are rapidly acquiring
as you master the lessons in the Funda-
mental Course. The second requirement is
practice in analyzing these diagrams, and
the purpose of this reference book is to give
you ewactly that practice which you mneed.

In regular N.R.I. lessons you have studied
a large number of different individual radio
circuits. Now you will see how these cir-
cuits work together in radio receivers.

That ancient Greek philosopher, Diogenes,
had the right idea 2300 years ago when he
said, “Practice makes perfect.” 7The more
circuits you analyze, the easier will it be for
you to analyze each new circuit.

Don't Let Big Diagrams Scare You. First
impressions don’t mean a thing when it
comes to circuit diagrams. No matter how
complicated a diagram may seem the first
time you look at it, you will generally find
upon careful study that it is simply a com-
bination of simple and familiar basic radio
circuits.

In practical radio work, men rarely if ever
attempt to analyze a complete circuit dia-
gram at one time. Such a procedure is en-
tirely unnecessary, because radio men are
invariably interested only in one small sec-
tion of the receiver—the section in which
trouble has developed. They use the circuit
diagram merely as a rapid means of finding
out what is in the suspected seetion, and as
a guide for locating various parts in that
section.

It is the ability to read a complete dia-
gram, however, which makes it possible to
concentrate on one section, stage or circuit
of a receiver and still appreciate its relation-
ship to the rest of the receiver.

You Get Concentrated Experience. In
this reference book, typical receiver circuit
diagrams are shown and analyzed complete-
ly. Since each diagram contains at least a
dozen individual signal and supply circuits,
this one book gives you practical experience
equivalent to that normally obtained by us-
ing circuit diagrams for repairing a large
number of radio receivers. With so much
practice, obtained in such an interesting
manner, you cannot help but develop skill in
analyzing receiver diagrams.

What Diagrams Tell You. Each part in
a receiver is represented on the diagram by
a small but familiar and easily recognizable
symbol, and electrical connections between
the parts are represented by lines. Notations
alongside the symbols either give electrical
values of parts directly or refer to parts lists
containing these values. These notations
will give you a general idea of what resistor
and condenser values you can expect in each
type of circuit.

One important fact to recognize is that
schematic circuit diagrams give electrical
connections without showing actual positions
of wires. Two parts which are close together
on a schematic diagram may actually be at
opposite ends of a receiver chassis, even
though the electrical connections on the
chassis are exactly the same as those on the
diagram.

Although a schematic diagram is drawn
without regard for actual positions of parts
on a chassis, it enables you to find any part
on a chassis because it indicates easily-
located parts or terminals to which the leads
of the desired part are connected. With the
practice which you will get from studying
the diagrams in this book, you should quick-
ly learn how to find any desired part on an
actual chassis.

A knowledge of what stages are in a par-
ticular receiver and how these stages oper-
ate is oftentimes highly important in the
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speedy servicing of the receiver. This means
that while you are developing your ability to
analyze circuit diagrams through the study
of this reference book, you are also develop-
ing your ability to service radio equipment
speedily. Actually, this reference book
teaches you how to make schematic circuit
diagrams become one of your most valuable
servicing tools.

How The Diagrams Were Chosen. In
choosing the diagrams for this book from
the N.R.I. file of over 12,000 different radio
receiver diagrams, both old and new circuits
were carefully considered. Each diagram
finally chosen for detailed analysis is typical
of one group of receivers encountered in
radio work. This means that by studying
the few carefully selected circuits, you will
actually become familiar with the general
features of hundreds of different receivers.

The diagrams in this book are arranged so
that you progress logically from simple cir-
cuits to more advanced circuits. You start
with a simple t.r.f. circuit which was ex-
tremely popular some years ago and is still
used in some midget table model receivers,
but you soon get to the modern superhetero-
dyne circuits which are the leaders in
popularity today.

Diagram Styles. Each receiver manufac-
turer has his own style of drawing radio
symbols and circuit diagrams. In order to
make you familiar with these different
styles, the diagrams in this book are pre-
sented almost exactly as they appear in the
service manuals of the respective manufac-
turers. For this reason, many of the sym-
bols in this book will look quite different
from the symbols you have become 80
familiar with in regular N.R.I lessons.

Curiously enough, you will find that no
matter how the various radio symbols are
drawn, you will be able to recognize them al-
most instantly. Sometimes their positions
with respect to other parts will identify new
symbols even though they appear entirely
different from standard symbols. A compari-
son of the different ways in which tube sym-
bols are drawn is itself a fascinating study.

General OQutline. The analysis of the
first receiver circuit in this book is divided
into the following seven sections. The same
general treatment is followed for the other
circuits in the book, except that sometimes
one or more of the sections are omitted to
avoid repetition of basic facts which have
already been covered.

1. Identifying Tubes. Identification of
each tube stage by noting its position in the
diagram with respect to the antenna, the
loudspeaker, the power pack and other parts,
followed by identification of the general type
of receiver. '

2. Tracing Signal Circuits. Study of the
signals in each circuit, starting from the an-
tenna and working to the loudspeaker. You
deal with signal flow, signal voltages and
signal currents mnow, without considering
electrons and the direction of electron flow
at all.

3. Tracing Supply Cireuits. Tracing cir-
cuits to see how each tube electrode gets its
d.c. operating voltage. You are concerned
with the direction of electron flow only when
it is necessary to determine the correct
polarity for d.c. measurements.

4. Voltage Measurements. Explanation of
voltage values given by the manufacturer.

5. Continuity Tests. Suggestions for find-
ing breaks in ecircuits.

6. Expected Performance. What can be
expected in the way of tone quality, volume,
distant-station reception, and ability to
separate stations.

7. Servicing Hints. Common defects
which can occur in the receiver circuits,
with clues for recognizing them and sugges-
tions for clearing up the trouble.

Plan To Review Later. In your study of
this reference book, you will occasionally
encounter circuits and technical phrases
which have not yet been taken up in your
regular lesson texts. In such cases, simply
pass over the things you cannot understand,
with the thought that you will review this
reference book after you have completed
your FR Course and mastered all of the
fundamental radio principles and basic
radio circuits. Such a review will more than
double the value of this reference book to
you.

Rather than attempt to study this entire
reference book at one time, it is suggested
that you spread the study of this book out
over several lessons. In other words, study
only one diagram after a lesson. In this way,
your mind can concentrate upon the essen-
tial information in one receiver diagram
without mixing it up with other circuits.



BELMONT Series 40A Four-Tube T. R. F. Receiver

DENTIFYING Tubes. We recognize the

type 80 tube as the rectifier tube, for it is
;‘onnected directly to 7T, the power trans-
ormer.

We next locate the tuning circuits which
are controlled by the gang tuning condenser.
There are only two: Ly-C; and Ly-Cy, so the
type 58 tube which is between these tuning
circuits is an r.f. amplifier tube.

The output tube always connects to the
loudspeaker through an iron-core output
transformer, so the type 47 tube must be the
audio output tube.

Now there is only one tube left to identify.
We know that it receives an r.f. signal from
the second tuning circuit (L4Cj), and that
it must deliver an a.f. signal to the type 47
audio output tube, so we naturally conclude
that the type 57 tube is the detector.

We thus have one r.f. amplifier stage, a
detector, an audio output stage and a recti-
fier. There being no oscillator tube and no
i.f. amplifier stages, we can say definitely
that this Belmont receiver is of the tuned
radio frequency type.

Tracing Signal Circuits. Instead of an-
tenna and ground terminals, a short length
of tan wire serves for the antenna lead-in
connection, and a similar length of black
wire serves for the ground wire connection,

When a modulated r.f. signal current is
picked up by the receiving antenna, it flows
through primary winding L, to ground, in-
ducing a corresponding modulated r.f. volt-
age in secondary L,.

At the same time, some modulated r.f. cur-
rent will flow directly from the antenna to
coil Ly through capacity O,. This capacity
is provided by a short length of insulated
wire connected to the “hot” end of L; (the
end farthest from ground), and wound part-
ly around Ly to give capacitive link coupling.
More uniform transfer of r.f. signals over the
entire tuning range is obtained by using both
inductive and capacitive coupling in this
way.

Tuning in a station (by turning the tuning
knob) makes sections 0y and O, of the gang
tuning condenser have the correct values to
bring both tuning circuits (L,-C; and Lg-Cy)
to resonance. The tuning circuits thus pro-
vide resonant step-up of the desired signal
voltage and provide rejection of undesired
signals.

The modulated r.f. signal voltage existing
across L, and Oy is applied between the con-
trol grid and cathode of the 58 r.f. amplifier
tube, with the patb to the cathode being
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completed through the chassis and r.f. by-
pass condenser Cy.

This voltage causes the plate current of
this tube to vary above and below its normal
direct current value at an r.f. rate. This
r.f. plate current flows through coil Lg,
which is weakly coupled inductively with
coil Ly in the second tuning circuit. The
flow of r.f. plate current through Lg induces
the modulated r.f. signal voltage in L4, and
this undergoes resonant step-up in the second
tuning circuit.

There is also some transfer of signals to
tuning circuit L, C, through coupling con-
denser (g, in such a way as to make the per-
formance of the receiver more nearly uni-
form over the entire broadcast band.

The modulated r.f. voltage across L, and
O, is applied between the control grid and
cathode of the 57 tube, with Cg and the chas-
sis completing the path from cathode to Cj.

Bias resistor R, has a value of 25,000
ohms, which is high enough to make the 57
tube act as a detector. C4 provides a shunt
path to the cathode for r.f. signals in the
plate circuit, so that the energy of the r.f.
signal is dissipated in the tube, and only the
desired audio signals flow through plate load
resistor Ry,

The a.f. voltage across Ry is applied to re-
sistor Rg through coupling condenser Cy and
power pack filter condenser C;;. Both have
low reactance at audio frequencies.

The a.f. voltage across Rg is applied be-
tween the control grid and fllament (acting
also as cathode) of the 47 output tube, with
the path from Rg to the fllament completed
through R, the chassis and the filament
wires which run from terminals XX on 83
to filament terminals XX of the 47 tube.

The 47 output tube is a power tube, in that
it converts normal grid voltage variations
into large variations in the plate current.
This a.f. grid voltage causes a large a.f. plate
current to flow through the primary of out-
put transformer 7T'; on its way back to the
filament through éu. Rq, the chassis, 8j,
and the filament leads of the 47 tube.

The induced voltage in the secondary of
this step-down transformer 7'; sends a large
a.f. current through the voice coil of the
loudspeaker.

Tracing Supply Circuits. Since our re-
ceiver has a power transformer, it is an a.c.
receiver. The table of VOLTAGES specifies
115 volts for the LINE voltage, but a receiver
like this will work satisfactorily on line volt-
ages anywhere between about 105 volts and
125 volts a.c.

Neither fillament voltages nor complete
filament circuits are shown on the diagram,
but if we look up the 58, 57 and 47 tubes on
a tube chart, we find that they all have rated
filament voltages of 2.5 volts. This means
the filaments of these tubes could be con-
nected in parallel, and the XX markings on
the filament leads and on secondary winding
83 indicate that parallel connections are
used.

According to tube charts, a type 80 recti-
fier tube requires a filament voltage of 5
volts. A special secondary winding 8; is
provided for the filament of the 80 tube.

The output terminals of the power pack
are 1 (+) and 2 (—). From terminal 1, we
trace electron flow to the filament of the 80
tube, from there to whichever plate is posi-
tive at the time, through one half of sec-
ondary S, to the center tap, then through
choke coil CH (also serving as the loud-
speaker field coil) to point 2. Resistor Ry
and the various tube circuits complete the
path for electron flow from 2 to 1.

For the plate supply circuit of the 58 tube,
electrons flow from 2 (the negative output
terminal) through R, to the chassis, through
the chassis to the grounded movable contact
of R4, through one section of R, to the cath-
ode of the 58 tube, from the cathode to the
plate, and from the plate through Lg to 1
(the positive output terminal).

Note that resistors Rq, R;, R; and Rg are
all in series between I and 2, thus forming
a voltage divider. The voltage across R, is
the screen grid voltage for the 58 tube, as the
cathode and screen grid are connected to
opposite ends of this resistor.

For the plate supply circuit of the 57 tube,
electrons flow from 2 through R; to the
chassis, through the chassis to the lower end
of cathode resistor Ry, through R4 to the
cathode of the 57 tube, from the cathode to
the plate, then through plate load resistor
Ry to terminal 1.

For the screen grid supply circuit, elec-
trons flow from 2 through R; to the chassis,
through IZ4 to the cathode, then to the screen
grid and back through Rg to 1.

For the plate supply circuit of the 47 tube,
electrons flow from 2 through R; to the
chassis, through the chassis to the center tap
of Sg, through the filament leads to the fila-
ment of the 47 tube, then to the plate and
through the primary of output transformer
T, to 1. The screen grid supply circuit is
the same as the plate supply circuit of this
tube, except that the screen grid current does
not go through the output transformer.

Voltage Measurements. In the table of
voltages alongside the circuit diagram, all
d.c. values are to be measured between the
specified point and the chassis, with the
black (negative) lead of the d.c. voltmeter
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going to the chassis. Measured values which
are about 109, above or below the specified
values can usually be considered satis-
factory.

The first value in the table, 240 volts be-
tween the RED lead and chassis, is the
power pack d.c. output voltage (between 1
and 2) less the small voltage drop across
R;. Ten per cent of 240 is 24, so a measured
value 24 volts above or below the normal
value of 240 volts does not indicate trouble.

Moving to the BLUE plate lead of the 47
output tube, we measure its plate voltage and
should get 230 volts, because there is a d.c.
voltage drop of about 10 volts across the
500-ohm resistance of the primary of output
transformer 7.

The value of 140 volts between the YEL-
LOW lead and the chassis represents the
d.c. voltage drop across R; and choke OH.

The 16-volt value between the GREEN
lead and the chassis is the voltage drop
across It;, which provides the C bias voltage
for the 47 output tube. For the last two mea-
surements, the voltmeter test probes must be
reversed, with the positive probe going to
the chassis.

When measuring between the plate of the
57 tube and the chassis, an ordinary d.c.
voltmeter (having a sensitivity of 1000 ohms
per volt) will read only 105 volts. A higher-
resistance voltmeter would read a much
higher d.c. voltage, higher than the screen
grid voltage but still less than the power
pack output voltage because of the drop in
plate load resistor Rpy.

The screen grid-to-chassis voltage of 110
volts for the 58 tube also applies to the 57
tube. This screen grid voltage is established
by voltage divider network R;-R,-Rg. Since
R, is a part of this network and since it is
variable, all voltage measurements should be
made with R; fully advanced (for greatest
sensitivity and hence greatest volume). Un-
der this condition, I; has a minimum re-
sistance of about 250 ohms, which is neces-
sary to prevent the C bias voltage of the 58
tube from becoming zero.

No value is given for the plate voltage of
the 58 tube, since it is essentially the same
as the voltage between terminal I and the
chassis (240 volts). The d.c. voltage drop
across Lg is negligibly small.

A measurement between the cathode of
the 58 tube and chassis indicates 2 volts;
this is the minimum negative bias provided
by R;. As the volume control setting is re-
duced, this bias voltage is increased cor-
respondingly.

Continuity Tests. When lack of expected
voltage indicates absence of continuity, the
radio technician makes continuity tests with
an ohmmeter while the power cord plug is



out, bearing in mind the following two im-
portant rules for an a.c. receiver:

1. There should be continuity between all
positive tube electrodes, such as plate and
screen grid, and the cathode of the rectifier
tube.

2. There should be continuity between all
negative tube electrodes (such as the cathode
and control grids) and either of the plates
of the rectifier tube.

Having located the defective supply cir-
cuits by means of voltage measurements, you
start a continuity test by attaching one ohm-
meter lead to the common power pack ter-
minal (the plate or the cathode of the
rectifier tube).

Now place the other ohmmeter lead on the
tube electrode terminal. (A reading will not
be obtained because the circuit is defective
(open) at some point or part between the
ohmmeter leads.) Move this ohmmeter lead
step by step toward the rectifier tube until
the break is located. This is indicated when
you get a reading. The circuit path which
was just eliminated by moving the probe
toward the rectifier tube is open.

Expected Performance. With only one
r.f. stage, we should not expect great sensi-
tivity or loud volume on distant stations.

Reception of distant stations can be im-
proved by using a long antenna, but with
only two tuning circuits in the receiver, the
selectivity will be poor (there may be inter-
ference between several stations when tuned
to one of them).

The quality of reception can be reasonably
good with a receiver of this type. The larger
the receiver cabinet and the better the loud-
speaker, the better will be the quality.

Servicing Hints. Hum. If this receiver
has a loud hum, you naturally suspect the
filter system of the power pack first. Check
electrolytic filter condensers O;o and Oy by
placing other condensers of about the same
size across each of them in turn. If this does
not change the hum, you know that the ex-
isting condensers are all right. You then
check the 57 tube in a tube tester for cath-
ode-to-heater leakage, and check for an open
in the control grid return circuit of either
the 57 or 47 tube.

Squealing. After making sure that tube
shields are in place, check screen condenser
Og by shunting it with a condenser of similar
value.

Check the screen grid voltage of the 57
and 58 tubes next, because excess screen grid
voltage could cause squealing. If the screen
grid voltage is excessively high, R, may be
open, 80 check it with an ohmmeter.
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Hot Resistor. Suppose resistor R; is hot
and smoking—what would you do? First you
would examine the diagram to see what
could cause excessive current to flow
through R;. A short in €y, could not do this,
but a short in C7 could.

You wouldn’t have to unsolder C; to make
an ohmmeter check—simply measure the re-
sistance between the rectifier filament and
chassis. This resistance should be about
equal to Ry plus Ry (volume control all the
way on and the set disconnected from the
power line). If you obtain a reading much

lower than the 50,000-ohm normal value, you
would test C; thoroughly.

Conclusion. These examples show you how
radio servicemen use circuit diagrams to aid
in locating trouble and making repairs in
radio receivers. You are not expected to be
able to make an analysis of this nature for
a long time yet, but as you become familiar
with the various circuits in common use and
as you secure practice in reading and
analyzing circuit diagrams, you will event-
nally find yourself able to get equally as
much information from a circuit diagram.

Fig. |. Schematic circuit diagram of Belmont
Series 40A t.r.f. receiver. Numbers alongside re-
sistors represent resistance in ohms; thus, R7 is
350 ohms, and Rg is 25,000 ohms. (The letter M
after a resistance value represents "thousand.")
Numbers alongside condensers represent capac-
ity in microfarads; thus Cy4 is .00l mfd., and Cyo
is 8.0 mfd. Solid black dots represent connec-
tions or terminals; no dots at cross-overs of
lines mean no connections. An antenna 50 to 75
feet long will probably give best results in rural
locations, but in cities a short antenna is usually
best.



EMERSON BA-199 FIVE-TUBE A.C.-D.C. T.R.F. RECEIVER

THIS Emerson model BA-199 receiver con-

sists of one r.f. amplifier stage using two
tuned circuits, a detector and an audio out-
put stage, all receiving d.c. operating volt-
ages from a half-wave rectifier.

Tracing Signal Circuits. This receiver is
referred to in the diagram as a 5-tube a.c.-
d.c. receiver, on the basis that ballast tube
R3 is a tube. Calling a ballast a tube was
once considered proper, but today only tubes
in signal and supply circuits, operating by
virtue of electron emission, are considered as
tubes. Actually, this is a 4-tube radio
receiver.

This receiver is a midget of the portable
type and can be taken from room to room or
to any location where 115-volt a.c. or d.c.
power is available. A flexible insulated wire,
permanently connected to the receiver, serves
as the antenna. This wire can be hung
around the room or connected to a heating
radiator or some metal object in the room.
This is information not given in the dia-
gram, but worth knowing when you run
across a.c.-d.c. receivers.

This antenna connects to primary winding
L1 of antenna transformer T1 through con-
denser 03. The other end of LI is grounded
to the receiver chassis, which in turn con-
nects to one end of the power line through
switch 81V. The power line is used as the
ground. As a rule, one of the power line
wires is grounded somewhere in the house;
even if it were not, its long length and its
proximity to the earth would make it highly
suitable for a ground.

We now realize that the chassis is con-
nected to the power line. This means that
to avoid a possible serious shock, you must
keep your hands off the chassis whenever the
receiver is in operation.

Condenser O3 prevents winding LI from
burning out if the antenna wire touches some
grounded object. Without this condenser,
the line plug might be inserted into the wall
outlet in such a way that the chassis con-
nects to the ungrounded side of the line.
Then LI would be directly across the power
line and would be burned out.

The r.f. current in L1 induces an r.f. volt-
age in L2. The voltage across L2 is stepped
up due to resonance when CI is tuned.
(Condensers C4 and (€5 are trimmer con-
densers.) Capacitive link €15 helps equalize
gain over the tuning range.

The 6D6 tube amplifies the r.f. signal, so
that the r.f. current in the plate circuit is
greater than the r.f. current in L2-C1. This
r.f. current is stepped up by the second r.f.
transformer, and the r.f. voltage across 02
is greater than across O1.
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As a detector, the type 6C6 tube demodu-
lates the modulated r.f. signal, producing an
audio voltage across R6. Radio frequency
signals resulting from detection are kept out
of I?6 by by-pass condenser O14.

Observe that one end of R6 goes to the
chassis through condenser €13, a 16-mfd.
electrolytic condenser. Resistor R7 termi-
nates at the chassis, with its other end going
to the grid of the 251.8 pentode output tube
and to the plate of the 6C6 tube through
condenser C9. Thus, at all but low audio
frequencies R7 shunts R6.

The audio voltage across R7 is fed to the
25L6 output tube. The cathode of the 2516
tube goes to the chassis through RS, thus
completing the grid circuit.

Audio current flowing in the plate circuit
of the output tube passes through the pri-
mary of output transformer 78, flows to the
chassis through (€13, and returns to the
cathode through R8. Transformer T3
couples the loudspeaker to the output tube,
and is designed to furnish the loudspeaker
with maximum possible undistorted power.

Beam power output tubes have high plate
resistance, which makes them unstable when
the load (the loudspeaker) is subject to a
great range in load conditions. Leakage in-
ductance, which is especially high in an in-
expensive output transformer, will cause
feed-back and produce undesirable oscilla-
tion, often inaudible.

Condenser C10 is used between the plate
and cathode of the 251.6 beam power output
tube to by-pass higher audio frequencies.
This suppresses oscillation and prevents un-
stable operation, since the plate load is made
capacitive at those frequencies at which os-
cillation might occur.

Undesired signals getting into the plate
circuit produce across R8 a voltage which,
being out of phase with the grid signal volt-
age, cuts’down the undesired signals by de-
generation. The desired signal is also par-
tially weakened, but its original strength is
sufficient to permit degeneration. Distortion
is greatly reduced by degeneration, for un-
desired harmonics of the signal are at-
tenuated.

Noise signals coming over the line are by-
passed by C11, and do not get into the power
supply and the receiver output.

Tracing Supply Cireuits. All items in the
lower part of the diagram are in the power
pack. In this power supply, terminals 7 and
2 serve as the high-voltage d.c. source for
all positive tube electrodes in the main re-
ceiver circuit.

The 2575 tube is a twin rectifier tube used
as a single diode by connecting correspond-
ing electrodes together. Electrons will flow
only from the cathodes to the plates through
this tube. For a d.c. outlet the plug must
be inserted in a wall outlet so that the plug
prong marked - is in the 4 terminal of the
wall outlet. The other prong is then — , as
indicated.

Note that during d.c. operation the chassis
is connected through switch SW to the nega-
tive terminal of the source, and the plate of
the rectifier tube is connected to the
terminal. All circuit terminals will thus be
positive with respect to the chassis.

Some voltage is dropped in rectifier tube
and in choke O, but most is dropped in the
receiver circuit itself, which may be consid-
ered a load connected to 7 and 2.

Terminal 1, being nearer the 4 terminal
of the source, is the -+ terminal of the power
pack. As you trace from I through the re-
ceiver (for example, through R6, through
the plate-cathode of the 6C6 tube, and
through I} to the chassis), the positive po-
tential with respect to the chassis diminishes.
Point 3 is therefore positive with respect to
point 4, a condition essential for operation
of the 6C6 tube.

If you insert the plug incorrectly into the
outlet of a d.c. source, 5 will be negative
with respect to*chassis, hence 5 will be nega-
tive with respect to 6, and electrons will not
flow through the rectifier tube. The pilot
lamp and tubes glow but the receiver wiil be
“dead”; reversing the plug remedies the
condition.

With an a.c. power source, 5 is alternately
positive and negative with respect to the
chassis. During the half cycle that 5 is posi-
tive, the 25Z5 tube is conductive and is fur-
nishing the receiver with a high d.c. voltage.
During the other half cycle, the tube is not
conductive.

Most of the ripple in the resulting rectified
current is eliminated by filter choke CH and
filter condensers 072 and C13. Note that the
filter choke is also the field coil of the dy-
namie loudspealker.

Starting with the first tube, let us trace
the d.c. supply circuit through the tubes.
Imagine, of course, that the tubes are op-
erating, hence conducting.

Assuming that the negative prod of a d.c.
voltmeter is on chassis, you can place the
positive prod on the cathode of the 6D6 tube,
the plate, and terminals 7 and 6 in rotation,
and get a voltmeter reading each time, As
you progress in this order the reading will
hecome higher.

When you place the d.c. voltmeter be-
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tween the cathcde of the 6D6 tube and the
chassis, you will find that the voltage varies
as you adjust RI; in fact, as the receiver
volume decreases this voltage increases. Here
we have a volume control using variable C
bias as the means of control. The grid gets
this C bias from a chassis connection through
coil L2,

Note that section b of R! shunts L1, for
one end of LI and the movable contact of
R1 are connected to each other through the
chassis. R provides a shunt path for part
of the signal current which would otherwise
flow through coil L1. As RI is turned so the
resistance in section a increases, the resist-
ance in section b decreases.

Both sections of R thus contribute to a
reduction in volume, for increasing the re-
sistance in section e increases the C bias volt-
age, and decreasing the resistance in section
b increases the shunting effect across LI.
Condenser €6 always shunts 2 and section
a in R1, and prevents degeneration in the
rf. stage.

In the 6C6 tube stage, terminal %, ter-
minal 8 and the junction point of R5 and
R6 are increasingly more positive with re-
spect to the chassis. The plate-cathode volt-
age is equal to the main supply voltage (be-
tween I and 2) less the drop in R6 and R4.

The drop in R/ serves as the C bias volt-
age; note that the chassis end of I’} goes
to the grid through Lj.

The screen grid voltage is obtained from
the main d.c. supply but is reduced by the
drop in R5; only the screen grid current
flows through 5 to produce this drop. R.F.
screen grid current returns to the cathode
through C8 and cathode by-pass condenser
c1.

A technician would recognize the 6C6 as
a detector by the R6-C9-R7 coupler in the
plate circuit and by resonant circuit 14-C%
in the input; this is a typical r.f. to a.f.
coupling arrangement. Furthermore. R6 is
500,000 ohms, R5 is 2 megohms and 2} is
25,000 ohms, indicating low plate and screen
grid voltages and a high C bias voltage, all
of which are essential for operation as a
detector.

In the output stage, the plate supply eir
cuit starts with chassis, continues through
I8, then goes from cathode to plate,
through the primary of 7'3 and from I
through the power pack to 2 and chassis.

The filaments are connected in series to
the 115-volt supply, and will function with
either a.c. or d.c. power. Let us trace this
filament circuit by starting at the 4 terminal
of the power cord plug. From here we go to



prong 8 of the ballast tube, through one re-
gistance section to prong 8, through the other
resistance section to prong 7, then through
the filaments of the 25Z5, 2518, 6D6 and 6C6
tubes in series. One filament lead of the 6C6
tube is grounded to the chassis, and switch
SW completes the filament circuit from the
chassis to the other side of the power line.

The total veltage required for the fila-
ments is 25 + 25 -+ 6 4- 6, or 62 volts. The
ballast drops the difference between 115 and
62, or 53 volts. Since the tube filaments and
the ballast are self-regulating to a reason-
able degree, increases and decreases in line
voltage have little effect on the cathode emis-
sion of the tubes.

The pilot lamp shunts that portion of the
ballast resistor between prongs 7 and 8. The
resistance of this portion is so chosen that
the lamp normally gets 4 volts; a 6.3-volt
Mazda lamp is used, hence it will burn dimly.
When the power is first turned on, however,
the tube filaments have low resistance until
they heat up; this causes a large current to
flow, but it is partially “cushioned” by the
ballast.

During the heating-up period, the voltage
across the pilot lamp will be high, and the
lamp will burn brightly. A 6.3 lamp normally
operating at 4 volts thus provides a degree
of safety from burn-out. In receivers which
use this arrangement, you can expect the
pilot lamp to glow brightly initially, and then
dim down to a subnormal glow.

Checking Continuity in A.C-D.C. Re-
ceivers. Bear in mind that continuity tests
are made with an ohmmeter while the re-
ceiver is turned off. In fact, with a universal
a.c.-d.c. receiver be sure to pull the power
plug out of the wall socket. Ohmmeter tests
can then be made from tube terminals or
socket prong clips, for the tubes are not con-
ductive when power is off.

In checking this receiver you will find that
all positive tube electrodes, such as the
screen grid and the plate, trace to the cath-
ode of the rectifier. This rule applies to a.c.-
d.c. as well as a.c. receivers. To prove this
basic servicing rule, select one tube, the 6C6
detector ; trace from the plate through R6
and CH to the cathode of the 25Z8.

All negative tube electrodes, such as the
control grid, suppressor grid and cathode,
should trace to the receiver side of the on-
off switch.

Another important reference point is the
cathode of the tube in the stage under test.
You can place one prod of the ohmmeter on
the cathode of the 6D6, the other prod on the
control grid, and expect continuity. You
should find continuity between other points
in the grid circuit and the cathode; for ex-
ample, from the movable contact of K1 or
from the junction of R1 and R2.
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To check for continuity in the filament
gupply circuit, connect the ohmmeter to the
two power plug prongs and turn the switch
to the ON position. A resistance much lower
than 300 ohms (approximately the hot re-
sistance of this circuit) will usually be
measured.

Servicing Problems in A.C.-D.C. Re-
ceivers. Quite often electrolytic condensers
012 and C18 dry out, lose their normal
capacitance and acquire a higher power
factor; that is, they act as if a large resist-
ance is in series with the capacity. When this
occurs, the filter loses its ability to remove
ripple, and hum is quite evident.

Reduction of input capacity lowers the
over-all output d.c. voltage, and low volume
may exist along with hum. When hum and
low volume exist, try new electrolytic con-
densers. A short or excessive leakage in an
electrolytic condenser gives the same effect,
hum and low volume, and may lower the
emission of the rectifier tube. Try a new
rectifier tube, but before inserting it test the
electrolytic condensers for resistance (each
one should be substantially above 50,000
ohms when not shunted by any other part
such as the field of a dynamic loudspeaker).

When you encounter distortion in an a.c.-
d.c. receiver, check the filter condensers, par-
ticularly the output filter condenser, then
look for gas in the output tube and for a
leaky coupling condenser just ahead of the
output tube (C9 in this circuit). In either
case, current will flow through the grid re-
turn resistor ([27), placing a positive bias
voltage on the control grid of the output tube,
and linear (distortionless) operation will no
longer exist.

The test for gas or a leaky coupling con-
denser is easily made with a vacuum tube
voltmeter or a high-resistance voltmeter.
Connect the meter across the grid resistor,
with the positive prod on the grid end. There
should be no reading. 1f a reading is ob-
tained, unsolder the coupling condenser. A
reading now indicates a gassy output tube,
and no reading now indicates a leaky coup-
ling condenser. (In an a.c.-d.c. receiver it is
necessary to unsolder the coupling condenser,
because removal of the output tube would
interrupt filament current and make the en-
tire receiver inactive.)

When a tube is operated with an a.c. po-
tential between filament and cathode, leak-
age resistance between the cathode and fila-
ment can give rise to serious hum. \When
operated from a 110-volt a.c. wall outlet, all
tubes in this receiver circuit will have an a.c.
voltage between cathode and filament (nor-
mally the capacity between these two elec-
trodes introduces negligible ripple current).

Imagine, however, that the cathode of the
6C6 tube is leaking to the filament. One side
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of the filament will be grounded, so if it
leaks little hum results; should the other
side of the filament leak to the cathode, then
the 6 volts across the 6C6 filament will be
across R4, and an a.c. voltage gets into the
grid and plate circuits.

Note that one end of the filament circuit
is grounded, hence those tubes which are
connected farthest away from the ground
end will introduce a greater a.c. voltage. The
detector tube is most affected by cathode
leakage, hence its filament is connected near-
est to ground.

The output stage will give the least ampli-
fication of a.c. leakage voltage so its filament
is placed third from the ground. Tubes
should be checked in a tube tester for cathode
-filament leakage when you encounter hum
troubles.

Should squeals or oscillations exist, shunt
(0138 with a condenser of similar value to see
if this cures the trouble. If it does, the orig-
inal €18 is open and should be replaced. Be
sure the full length of the antenna is used
because a short pickup will not sufficiently
load the input circuit, and the least amount
of feed-back will cause oscillation. Also, be
sure to check 08 and C14 by substitution or
by shunting with equivalent capacities.

2525 25.6 606 6C6
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SCHEMATIC DIAGRAM
§ TUBE AG - DC. RECEIVER

Fig. 2. Schematic circuit diagram of Emerson
Model BA-199 five-tube universal a.c.-d.c. re-
ceiver. The parts list for this set is given below,
essentially as it appears in the manufacturer's
service sheet. Note that this manufacturer uses
the abbreviation mf. for microfarads, in place

of mfd.
TI Broadcast antenna coil
T2 Broadcast detector coil
T3 Output transformer
RI Volume control—75,000 ohms, with
line switch SW
R2 240-ohm, !/3-watt wire-wound resistor
R3 Plug-in ballast tube
R4 25,000-ohm, !/4-watt carbon resistor
R5 2-megohm, !/4-watt carbon resistor
Ré6, R7 500,000-ohm, !/4-watt carbon resistor
R8 110-ohm, !/2-watt wire-wound resistor
Cl,C2 Two-gang variable condenser
C3 .001-mf., 600-volt tubular condenser
C4,C5 Trimmers, part of variable condenser
Cs,C8 .1-mf., 200-volt tubular condenser
C7 .25-mf., 200-volt tubular condenser
(o1 .02-mf., 400-volt tubular condenser
clo .05-mf., 400-volt tubular condenser
Cll .I-mf., 400-volt tubular condenser
C12,CI3 Dual 16-mf., 100-volt dry electrolytic
condenser
Cl4 .002-mf., 600-volt tubular condenser
C15,Clé Gimmicks
LS Loudspeaker (electrodynamic)



RCA T5-2 Five-Tube A.C. Superheterodyne

GENERAL Description. This is an a.c.-
powered superheterodyne receiver em-
ploying five tubes: an 80 rectifier, a 6A7 fre-
quency converter, a 6D6 i.f. amplifier, a 6B7
second detector-a.v.c. and audio amplifier,
and a 41 power output amplifier. The circuit
is conventional in most respects.

Tracing Signal Circuits. In analyzing
this receiver we will trace the essential sec-
tions of a superheterodyne, namely, the pre-
selector, frequency converter, i.f. amplifier,
second detector and audio amplifier.

Preselector. A simple input circuit is used,
consisting of a tuned transformer and an
L.f. wave trap. The antenna signal sets up a
current in primary coil L-1. Should inter-
ference at the i.f. value of 460 ke. be present,
the wave trap consisting of L-15 and CO-47

will present a high resistance and thereby
reduce the interference current in L-1,

The r.f. current flowing in L-1 induces a
voltage in coil L-2. Trimmer condenser C-45
in shunt with tuning condenser C-6 is con-
nected to coil L-2 through condenser C-5.
C-45 has a capacity of 3-25 mmfd. and hence
is a trimmer, while C-6 has a capacity of
16-410 mmfd.; the arrow indicates it is a
tuning condenser. C-5 has a capacity of .05
mfd. (50,000 mmfd.), more than 100 times
that of C-6. For this reason we may say that
the reactance of C-5 is negligible with re-
spect to 0-6, and L-2 and C-6 with trimmer
C-45 form the basic tuning circuit.

As we shall see later, the grid return of
L-2 is not directly grounded, in order that
the a.v.c. voltage can feed through it to the
grid of the BAT7 tube. As far as r.f. currents

are involved, the grid return of L-2 and the
rotor of U-6 are at r.f. ground potential.

At resonance the voltage in L-2 is stepped
up, presenting to the grid-cathode of the first
tube an r.f. voltage substantially greater
than the voltage across L-I in the antenna
circuit. Voltage gains of 10 times may reason-
ably be expected.

Frequency Converter. A pentagrid tube
(one with five grids, penta meaning five)
is used as an oscillator-mixer-first detector
—the frequency converter of a superhetero-
dyne receiver. Its first grid connects through
condenser C-8 to coil L-4 and to chassis (or
r.f. ground) through C-11 in shunt with C-40.

Coil L-4, C-11 and C-40 are shunted by
tuning condenser C-9 and its associated trim-
mer C-44 to form a resonant circuit in the
oscillator circuit. This arrangement is widely
used in superhet receivers in order to make
the oscillator frequency, always 460 ke. (the
i.f. value), different from the preselector
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The second harmonic of the oscillator then beats
with the incoming Police Band signals to produce
the i.f. value of 460 ke.

frequency (the incuming signal frequency).

To illustrate the action of the frequency
converter, let us assume that the receiver
is tuned to a 1000-ke. broadcast station. Tun-
ing condenser sections C-6 and C-9 are ganged
together, so that when C-6 tunes preselector
resonant circuit L-2 and C-6 to 1000 ke., C-9
will cause the oscillator to generate a 1460-
ke. signal. The oscillator frequency is thus
460 kc. higher than the incoming signal fre-
quency, and this relationship exists at all
settings of the tuning dial.

At the very high broadcast band frequen-
cies, C-44 is adjusted during alignment to
give the desired frequency difference and is
called the high-frequency trimmer, At low
broadcast band frequencies, C-40 is adjusted
and is called the low-frequency trimmer or
padder.

From the second grid, trace through L-6,
then through R-5 to the voltage supply (con-
sidered later) and through O-16 to ground.
Coil L-6 inductively links to L-4 and thus
produces feed-back from the second grid to
the first grid eircuit.

If you consider that the second grid of the
6AT tube is an anode, or oscillator plate, you
will see that we have a tuned grid, tickler
type feed-back oscillator circuit. The intensi-
ty of oscillation is automatically controlled
by the grid bias produced by grid current
flow in R-3. Condenser C-8 serves as the filter
condenser for the grid resistor and helps to
reduce the r.f. ripples of the grid bias voltage.

The cathode, the first grid and the second
grid, with their associated circuit compon-
ents, set up beyond the second grid an elec-
tron cloud that is varying in intensity in ac-
cordance with the oscillator frequency. Tech-
nicians call this cloud the “virtual” cathode
for the remaining tube elements, because
the electrons flowing to these remaining ele-
ments come from this cloud.

The electrons which leave the virtual cath-
ode are speeded toward the plate by the third
and fifth grids (connected together internal-
ly to form the screen grid), since these elec-
trodes are at a positive potential with re-
spect to the virtual cathode. At the same
time, the signal from the preselector is “in-
jected” into the tube by the fourth grid, and
introduces a new variation in the electrons
flowing from cathode to plate.

Thus, both the preselector and local oscil-
lator signals are mixed in the 8A7 tube. De-
tection takes place in the mixer section be-
cause the tube is operated as a detector and
a strong beat signal (the i.f. signal) appears
in the plate circuit.

Coil L-9 and adjustable condenser O-17
form a parallel resonant circuit in the plate
circuit, absorbing power at its resonant fre-
quency and acting as a low-reactance path
for all other frequencies. The plate r.f. and



1.f. current returns to cathode through the
parallel path formed by 0-38 and C-36,
through the chassis, and then through C-10.

L.F. Amplifier and Second Detector. In a
parellel resonant circuit, a large current
flows in the coil-condenser circuit, hence in
L-9 a large i.f. current induces in L-10 a cor-
responding i.f. signal voltage.

L-10 and C-18 form a resonant circuit
which boosts this induced voltage, and a
larger voltage appears across C-18 than that
induced into L-10. However, the voltage
across L-10 is slightly less than that across
L-9, as some energy is lost in the primary
and secondary resonant circuits.

The voltage across C-18 is applied to the
input of the 8D6 tube through a direct con-
nection to the grid of the 6D6 tube and a
cathode connection through C-19 and 0-20.

As the 6D8 is a high-gain amplifier, a large
I.f. voltage is developed across the plate
parallel resonant circuit, L-71 and 0-48. The
return i.f. path to cathode for this resonant
circuit is through C-38, 0-36 and C-20.

The i.f. current in L-11 induces an i.f. volt-
age in L-12, By tuning 0-49 to resonance, a
large i.f. voltage appears across C-49; this
is less than the voltage across L-11 but many
times greater than the voltage across L-10.

Because of the voltage step-ups in the pre-
selector, frequency converter and 1.f. stage,
the voltage across C-49 is high enough for
demodulation. This voltage is rectified by
one of the diodes in the 6B7 tube. The other
diode is not used, and is connected directly
to the chassis.

Trace from the lower diode plate through
L-12, R-8 and R-9 to the cathode of the 6B7
tube. Because of rectification a pulsating d.c.
current flows through this circuit, with its
amplitude following the original modulation.
In the detector circuit, R-9 is the diode load
across which the a.f. voltage is produced.
Condenser 0-28, resistor R-8 and the capaci-
tor formed by the shield over the lead which
connects R-8 and R-9 all act together as an
i.f. filter. Only the desired a.f. voltage and
a d.c. voltage appear across R-9.

Audio Amplifier. Because of the d.c. volt-
age drop across R-9, a direct connection to
the input of the first a.f. amplifier cannot be
made, and a d.c. blocking condenser is there-
fore required. Note that the movable contact
of R-9 connects to the grid of the pentode
section of the 8B7 tube through d.c. blocking
condenser C-25. The grid also is connected
to the chassis through resistor R-11.

For all audio frequencies except the very
lowest, very little of the a.f. voltage is
dropped in 0-25. Most of this a.f. voltage is
developed across R-11 and is hence available
for audio amplification. Varying the position
of the movable contact of R-9 controls the
amount of a.f. voltage fed to the audio ampli.
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fler, and therefore serves as the volume con-
trol.

The connecting lead from O0-25 to the grid
is shielded so that stray electric field pick-
up will be kept out of the audio amplifier.
The signal at this point is at a very low
level, so stray a.f. signals entering at this
point will give the greatest interference.

From the grid of the 6B7 tube, trace
through R-11 to chassis and from chassis
through R-12 to the cathode, thus establish-
ing the grid to cathode path. Actually, how-
ever, a.f. signals will take the C-26 path
from chassis to cathode instead of going
through R-12.

A pulsating d.c. current (a.f. on d.c.) will
flow in the plate of the 6B7 tube. The d.c.
current will be forced to take the path
through R-18 and R-15 to the 4B supply, as
all other paths are blocked by condensers.
A.F. currents will flow through R-13, 0-29
and R-17 to chassis, and from this point
through 0-26 to the cathode of the 8BT7 tube.
R-18 has a high ohmic value, which means
that a large a.f. voltage will appear across
this resistor due to the a.f. current flowing
through it. Since the a.f. reactances of C-28,
C-29 and C-30 are negligible, resistor R-1}
is essentially in parallel with R-78 and most
of the a.f. voltage across R-13 is also across
R-14. 1t is the a.f. voltage developed across
R-14 that excites the grid and cathode of
the 41 tube.

Any i.f. signals getting into the plate of
the 86B7 are by-passed from the plate load
circuit by condenser C-27.

In the plate circuit of the 41 pentode out-
put tube we find output transformer 7T-2
coupling the pentode tube to the loudspeaker.
Condenser C-32 is shunted across the primary
to prevent parasitic oscillation in the output
stage, by making the plate load substantially
capacitive for high frequencies. The con-
denser reduces the high-frequency response,
but when more bass emphasis is desired C-371
is shunted into the circuit by switch 8-6, thus
giving the output a boomy or bass response.
S-6 is hence a one-step tone control.

Now let us trace the a.f. signal path from
the primary of 7-2 to the cathode of the 41
tube. Follow the lead connecting 7-2, C-32
and the screen grid to €-38 and C-36 in the
power pack, go through the fllter condensers
and go from the chassis through R-17 to the
cathode of the 41 tube.

Power Supply Circuit. A full-wave type
80 rectifier is used in the power pack. Power
transformer 7-1 may be designed either for
60 or 25 cycles, but not for both.

Note that the 25-cycle transformer has
higher primary and secondary resistance,
this being the result of more turns in each
section. Because of the low frequency, more
core flux must be obtained with more turns

to provide normal induced voltage. The 25
cycle transformer is larger and heavier than
a 60-cycle transformer with the same volt-
age rating. .

One low-voltage secondary supplies power
to the filament of the 80 rectifier, and the
other low-voltage secondary feeds all other
tube fllaments in parallel. Note the usual
method of leaving out the fillament connec-
tions, but indicating connections by ending
short leads in arrows.

Note also that the left-hand filament lead
of the 6A7 tube does not terminate in an
arrow, but goes to ground. Though there is
nothing to show it, this lead connects to the
low-voltage winding just as do the others.
You can assume this because every fillament
circuit in a receiver must be complete. The
ground symbol is not a mistake, however,
for one side of the fllament is grounded to
prevent r.f. pick-up.

The ends of the high-voltage secondary go
to the plates of the 80 rectifler tube, while
the center tap is connected to the chassis.

Choke coll L-14 (the fleld of the loudspeak-
er), and condensers C-35 and C-36 are the
power pack filter which terminates in the
voltage divider, consisting of R-18, R-19 and
R-20.

Note that condenser (0-36, an electrolytie
condenser, is shunted by C-38, a .25-mfd. ca-
pacitor which is a paper condenser. (The
capacity values are the clue to the condenser
type.) Electrolytic condensers lose effective-
ness as the frequency goes up. At high audio
and radio frequencies, C-36 may not be a
good capacitive shunt on the voltage divider.
Including a paper condenser insures low
reactance at these frequencies.

The voltage divider serves to furnish the
lower electrode voltages, but the plate-chas-
sis voltage supply for all tubes terminates
across the total voltage divider (terminals
1 and 2).

Tracing Supply Circuits. Tet us trace
the d.c. supply voltages to terminals I and 2
for each stage in turn.

6A7 Converter. Starting with the plate,
trace through L-9 to point I in the power
pack output. From point 2, the chassis, con-
tinue through resistor R-4 in the cathode cir-
cuit of the 8A7 to the cathode of this tube.

The voltage drop across R-4 is used to
bias the detector section of the 6AT tube.
The grid connection is made from the chas-
sis end of R-4 through R-12, R-9, R-10, R-2
and L-2 to the fourth grid of the 6AT tube.

The a.v.c. voltage across R-9 is added to
the normal C bias voltage developed across
R-4. The voltage across R-12, serving as C
bias for the 6B7 pentode section, is included
in this circuit and has an opposite polarity,
hence the voltage across R-4 must be made
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great enough to compensate for it and give
the fourth grid a net negative bias with re-
spect to its cathode even when the a.v.c. is
not working.

Grid 2 is the anode for the oscillator sec-
tion of the 8A7 tube. Trace through -6 and
R-5 to point 8 in the power pack. At point
3 the voltage is positive with respect to the
chassis, and higher than point I by the drop
in coil L-14. Considerable ripple exists at 3,
but is eliminated by filter R-5 and C-16. R-5
also reduces the oscillator anode voltage to
the desired value.

Grid d.c. voltage is secured by self-recti-
fication of grid current, with the current
building up the d.c. voltage across R-3. Rip-
ple is filtered out by C-8, which connects back
to the cathode end of R-$ through L-4, 0-11
and C-10. In this way the grid-cathode of
the oscillator section receives its O bias. Since
there is no conductive path for the voltage
developed across R-} (it is blocked by (-8
and the low-frequency padder), this voltage
in no way influences the operation of the
oscillator.

6D6 I.F. Amplifier. Here the plate connects
directly to point I through coil L-11. Point 2
connects to the cathode through resistor R-7,
which supplies the minimum C bias for the
i.f. amplifier. The grid return is through
L-10, R-8, R-9 and R-12. Again the bias estab-
lished by R-7 must be large enough to over-
come the opposing voltage across R-12.

Since the screen grid voltage should be
less than the plate voltage, it is connected
directly to a tap on the voltage divider, at
the junction of R-18 and R-19. (The screen
grid of the BAT tube is likewise connected to
this point in the voltage divider.) 0-34 serves
as the screen by-pass, and also prevents any
power pack ripple voltage from being applied
to the screen grids.

6B7 A.V.C. Detector and First A.F. From
the pentode plate, trace through resistors
R-18 and R-15 to point 1 of the power pack.
With 260,000 ohms in the plate circuit, the
net plate-cathode voltage is lower than the
power pack d.c. voltage. Resistor R-12 in the
cathode circuit furnishes the C bias for the
pentode section of the tube. The grid return
is through R-11.

Screen voltage for the 8B7 is obtained by
a connection to the junction of R-19 and R-20
in the voltage divider. Note the lack of a
screen by-pass condenser. Normally one
would be used, but since the circuit is stable
it has been omitted.

41 Power Output Tube. The plate connects
to point 1 through the primary of the output
transformer 7-2. The screen grid connects
directly to point 1. Resistor R-17 develops
the C bias voltage as the result of screen and
plate current flowing through it; its nega-



tive potential with respect to cathode is ap-
plied to the control grid through resistors
R-16 and R-1}.

Alignment. The equipment required is a
serviceman’s signal generator (oscillator)
and some type of output indicator.

To align the receiver, first connect the
output indicator. The connection will vary
with the type used. A low-range (0-7.5 volts)
copper-oxide rectifier type a.c. voltmeter
would be connected across the voice coil. A
high-range (0-75 volts) a.c. voltmeter with
a series blocking condenser would be con-
nected from the plate of the 41 tube to chas-
gis. A high-resistance d.c. voltmeter or a
vacuum tube voltmeter would be connected
across the volume control, which is the diode
load. The negative lead of the d.c. meter
would be connected to the junction of R-10
and R-9. All adjustments except the wave
trap are to be made for maximum output.

For all adjustments, the ground lead of
the signal generator is to be connected to
the receiver chassis, which may or may not
have a direct connection to ground via a
cold water pipe or whatever you use for a
ground in your shop.

The i.f. amplifier is to be adjusted first,
g0 the ungrounded (hot) lead of the signal
generator is clipped to the top cap of the
6A7 tube. The signal generator is tuned to
the i.f. value of 460 ke. Trimmer locations
and aligning frequencies are given in Fig. 4.

Tune the receiver to the low-frequency end
of the dial. If squealing is noted, due to a
station beating with the signal generator,
change the tuning dial setting slightly so
only the modulated tone of the signal gen-
erator is heard.

The volume control (attenuator) of the
signal generator is adjusted to give a notice-
able deflection on the output indicator, and
the receiver volume control is turned on full.
(The receiver volume control setting won’t
affect the vacuum tube voltmeter or high-
resistance d.c. voltmeter readings, and can be
turned down if you don’t want to hear the
modulated tone of the signal generator dur-
ing alignment.)

Everything is now ready for i.f. alignment,
and you simply adjust the i.f. trimmers in
turn for greatest output indication. If the
output meter tends to read off scale, use a
higher range or reduce the output of the
gignal generator. While the order of trimmer
adjustments isn't of real importance, the
usual procedure is to work from the second
detector back to the first detector, adjusting
C-49, C-48, C-18 and C-17 in the order named.
Their locations are shown in Fig. 4. This
completes the i.f. amplifier alignment.

The hot signal generator lead is now
shifted to the aerial post of the receiver. The
dial is set to the lowest hroadcast band fre-
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quency, and switch 8-2 is opened. The signal
generator is still producing 460 ke. Trimmer
C-47 is now adjusted for minimum output
as shown on the output indicator. Now any
i.f. interference picked up will not produce
appreciable output.

Leave the signal generator connections as
they are, and tune both signal generator and
receiver to 1720 ke. (at the high-frequency
end of the broadcast band). Oscillator trim-
mer C-}4 is adjusted so greatest output is
obtained when the receiver is tuned exactly
to the same dial marking as the signal gen-
erator. Preselector trimmer C-45 is then ad-
justed for maximum output. This completes
the preselector and oscillator high-frequency
adjustments.

The signal generator and receiver are next
tuned to 600 ke. (at the low-frequency end
of the broadcast band). Padder condenser
C-}40 is then adjusted for maximum output.
The receiver dial setting is moved slightly
above and below 600 ke., C-40 being read-
justed at each setting. The setting giving
greatest output is finally chosen, even though
it may not be exactly 600 ke., as perfect align-
ment is not always obtained in a home re-
ceiver. The high-frequency adjustment of
C-44 only is repeated, followed by any neces-
sary readjnstment of C-40 at 600 ke. This
completes the alignment, since no police band
trimmers are provided.

Voltage Measurements, It is a simple
matter to check the operating voltages with
the aid of Fig. 4. The arrows show in each
case where to place the two voltmeter test
probes. The indicated voltages enable you
to choose a voltmeter range which will not
be overloaded by the particular voltage you
intend to measure,

An a.c. voltmeter is used to measure all
heater voltages and the a.c. plate voltages
of the rectifier. All other measurements are
made with a d.c. voltmeter.

If your d.c. voltmeter has a sensitivity of
5000 ohms per volt or better, the plate volt-
age of the 6B7 pentode, marked in Tig. 4
with an asterisk (*), can be measured. With
a low-sensitivity d.c. meter of 1000 ohms per
volt the reading will be considerably less,
as the current drawn by the meter will re-
duce the plate voltage while the meter is
connected. This is due to the increased volt-
age drop across resistors R-13 and R-15 in
the plate supply circuit.

The important thing is to know what to
expect with the meter you employ. When
using the d.c. voltmeter, you will connect
its leads so the meter will read up-scale.
You should by now know whether a tube
electrode is positive or negative with regard
to some other point. If you make a mistake
and the meter reads down-scale, nothing will
be damaged—simply reverse the meter test
probes.

% CANNOT BE MEASURED WITH
OROINARY VOLTMETER

Fig. 4. Bottom-of-chassis diagram for RCA Model T5-2 receiver, showing trimmer locations and
tube socket voltages (measured at a line voltage of 115 volts a.c., with volume control at maximum
and no incoming signal.)

Continuity Tests. Should you wish to
check continuity in any of the electrode
circuits, bear in mind these rules:

1. All positive electrodes should have a
conductive path to the filament (or cath-
ode) of the rectifier tube.

2. All negative electrodes should have a
conductive path to a plate of the rectifier
tube.

Let’s prove this by tracing a few circuits.

Starting with the plate of the 6AT7 tube,
trace through L-9 and L-14 to the filament
of the 80 tube. Starting with the second grid
of the BA7, trace through L-6 and R-5 to the
cathode of the 80 tube. Starting with the
second grid of the 6D6 tube, trace to the
junction of R-18 and R-19 and then through
R-18 and L-1} to the fllament of the 80 tube.

Turning now to a negative electrode, for
example the control grid of the 6D6 tube,
trace through L-16, R-6, R-9 and R-12 to
chassis, to the center terminal of the high-
voltage secondary of the power transformer,
then to either plate of the 80 rectifier tube.
Another example: Starting with the control
orid of the 41 tube, trace through R-1} and
I?-16 to chassis and through the high-voltage
secondary to either plate.

Expected Performance. This is an aver-
age receiver with respect to sensitivity and
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volume. Reasonably good fidelity is to be ex-
pected. An antenna 50 to 75 feet long is ad-
visable in rural areas, but a short antenna
should do in metropolitan districts. Noise-
reducing doublet antennas may be advan-
tageously utilized when electrical noise is a
problem.

When switch S-2 is closed, the input cir-
cuit of the first detector circuit is tuned to
the police band. The oscillator frequency is
not changed, but the second harmonic of the
osecillator beats with the signals resonated by
L-2 and C-6 to produce the desired 1.f. value.

Servicing Hints. Since this receiver is
quite conventional in design, most of the de-
fects are isolated by basic methods discussed
in the regular course. A few hints may prove
helpful.

It is possible for the receiver to develop
hum modulation without a defect in the
main power pack filter. Should C-16 open or
lose its capacity, filter R-5 and C-16 will no
longer remove a.c. ripple in the supply to the
oscillator, and hum will be heard when a sta-
tion is tuned in. i

Teakage in C-28 will bias the 41 tube ab-
normally positive and cause distortion. Leak-
age in C-29, which connects to the 4 B sup-
ply terminal and the 41 tube cathode, drives
the grid more negative and will cause seri-
ous distortion, more noticeable on weak
stations.



PHILCO 37-84 Four-Tube A. C. Superheterodyne

SO you can see the diagram in Fig. 7 while
studying this receiver, proceed as fol-
lows: Turn this page so pages 19, 20, 21 and
22 are in view. Now fold page 19 so that it
covers page 20.

General Description. The Philco model
37-84 is a four-tube a.c.-operated superheter-
odyne receiver. It uses a type 6J7G as the
oscillator-mixer-first detector, another 8J7G
as the second detector, a 6F6G output tube
and a 5Y4G rectifier.

In the receiver, r.f. voltage gain is obtained
by resonant step-up in the tuned secondary
of the antenna coil and regeneration, while
most of the i.f. gain is the result of con-
version gain in the detector-oscillator and
regeneration in the second detector. A.F.
gain is due to amplification of the audio
signal in the second detector and the ampli-
flcation afforded by the 6F6G output tube.

An examination of the schematic shows
this receiver to be unique in that it does not
use a stage of intermediate frequency ampli-
fication. This circuit is typical of a great
number of midget superheterodyne receivers.
The output of the tirst detector feeds through
an 1L.f. transformer into the input of the sec-
ond detector. Both the first and second de-
tectors are regenerative, which tends to make
up for the loss in sensitivity due to omission
of the usual i.f. stage.

Signal Circuits. Signals picked up by the
antenna cause a current to flow through the
20,000-ohm volume control, marked  in the
diagram. By adjusting the position of the
slider on the control, any amount of the sig-
nal voltage may be taken off and fed to the
primary of the antenna transformer marked
2 in the diagram.

By mutual induction a voltage will be in-
duced into the secondary transformer, and
only the signal tuned in will undergo res-
onant step-up. The resonant circuit consists
of the secondary coil, the tuning condenser,
and trimmer condenser 5 shunting it. The
signal is applied to the grid and cathode of
the DET.-OSCILLATOR tube, the cathode
connection being through oscillator feed-back
coil 10 and through by-pass condenser 7.

Regeneration is obtained by means of con-
denser 3, with the feed-back path being from
terminal 4 of the oscillator pick-up coil
through condensers 7 and 3 to the primary
of antenna coil 2.

All i.f. oscillator and r.f. signals between
terminals 4 and I of coil 10 are fed back
to the primary of coil 2 through condensers
7 and 3. These signals are induced into the
secondary, but the secondary is tuned only
to the r.f. signal. Other signals do not under-
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go resonant step-up, and hence effective feed-
back occurs only at r.f. values.

Condenser 8 is known to radio men as a
“gimmick,” as it consists simply of two insu-
lated wires twisted together.

Advancing the volume control for greatest
volume has the effect of producing more re-
generation.

The oscillator is of the tuned plate type.
The oscillator energy is fed to the tank coil
through i.f. trimmer condenser 71. The tank
(coil winding 2-1 of 10, the tuning condenser
and trimmer 13) is coupled to the cathode
circuit by mutual induction through pick-up
coil 4-1 of coil 10. The voltage induced into
this coil causes the grid-cathode bias of the
tube to vary at the oscillator frequency. In
this way, oscillation is maintained.

The incoming signal and the local oscil-
lator signal are mixed inside the tube. As
a result, we also have the intermediate fre-
quency of 470 ke. existing in the plate circuit.
Since the primary of i.f. transformer 74 with
its associated trimmer 17 offers a high im-
pedance at the intermediate frequency, we
have a large i.f. voltage existing across the
primary.

At the intermediate frequency, the oscil-
lator tuning coil acts as a low-reactance path.
The connection between i.f. primary trim-
mer condenser 11 and the white lead of the
i.f. primary is through oscillator tuning coil
10 tozcbhassis and then through condensers 28
and 29.

An i.f. voltage is induced into the second-
ary of i.f. transformer /4. Note that the i.f.
transformer secondary (having a BROWN
lead and a BLACK & WHITE TRACER
lead) is tuned to resonance by trimmer con-
denser 15.

The signal is now applied between the
grid and cathode of the second detector, the
grid connection being through the 4-megohm
grid resistor marked 76. The gimmick shown
connected to the grid of the second detector
forms a capacity across resistor 16, thus
more effectively coupling the resonated sig-
nal to the grid, and at the same time making
the 6J7G an ordinary grid leak-condenser
type detector.

The second detector tube will amplify the
i.f. signal applied to its input. Resistor 19
acts as the i.f. plate load, the end connected
to a.f. plate load 22 being at chassis potential
as far as i.f. signals are concerned because
of .001-mfd. condenser 20. This has low re-
actance at i.f. values and high reactance at
a.f. values.

The i.f. signal across resistor 19 is fed
back through regeneration control conden-

ser I7 and the lower tapped portion of the
1.f. secondary. The phase of the feed-back
voltage induced into the tuned secondary
is such that it aids the original signal. This
greatly strengthens the signal applied to the
grid-cathode input of the second detector. In
other words, we have regeneration of the i.f.
signal.

Condenser 17 is adjustable, so we can feed
back into the grid circuit more or less of the
energy developed across resistor 19. Increas-
ing the capacity of 17 results in more feed-
back and increased regenerative effects. Too
great an increase will cause oscillation and
receiver squealing, however.

With the strengthened i.f. signal applied
to the input of the second detector, satisfac-
tory rectification will take place in the grid
circuit. When the signal makes the grid posi-
tive, electrons flow from the cathode to the
control grid, through the 4-megohm resistor
and back through the secondary of the i.f.
transformer to the chassis and cathode. As a
result, we will have audio signal voltage ap-
pearing across the 4-megohm resistor. L.F.
variations are by-passed across the resistor
by means of the gimmick condenser.

This audio voltage, as you can see, is in
the grid input circuit of the second detector.
The tube amplifies the audio signal, and
large variations occur in the plate current
at an audio rate.

The amplified audio signal voltage appears
across plate load resistors 19 and 22, and all
i.f. variations are by-passed around load 22
by the .001-mfd. condenser marked 20. The
audio signal voltage across 19 is not trans-
ferred to the 8F6G tube, and hence is wasted
or lost. Resistor 22 is 24 times larger than 19,
hence will have 24 times as much a.f. across
it. The a.f. loss in resistor 19 is thus relative-
ly small and can be neglected.

The audio signal across plate load resistor
22 appears across the 6F6G grid resistor,
marked 23 in the diagram. The signal is ap-
plied across this resistor through .015-mfd.
audio coupling condenser 20 and through the
4-mfd. output filter condenser marked 29.
The voltage across resistor 23 is applied di-
rectly to the 6F6G grid and cathode through
by-pass condenser 28.

Variation in the grid voltage of the 6F6G
output tube causes a large variation in plate
current through the primary of output trans-
former 25. This transformer has the correct
turns ratio to match the loudspeaker voice
coil impedance to the plate resistance of the
output tube. The voltage induced into the
secondary causes a large current flow
through the voice coil and, as a result, the
voice coil and attached cone moves in and
out, producing sound.

Condenser 2}, connected to the plate of
the output tube, by-passes around the plate

load high audio frequencies which otherwise
might feed back into the control grid circuit
and cause audio oscillation. Condenser 28
completes the connection between condenser
24 and the cathode.

Tracing Supply Circuits. The bias volt-
age for the first detector-oscillator tube is
obtained by means of a drop occurring across
cathode bias resistor 6. The end of the resis-
tor connected to terminal 4 of the oscillator
pick-up coil is at d.c. chassis potential, and
is negative with respect to the end connected
to the cathode. Therefore, the control grid
of the tube, which is at d.c. chassis potential,
is negative with respect to the cathode.

When we say a part or point is at d.c.
chassis potential we mean that there is no
d.c. voltage beteen that point and chassis.
In other words, a d.c. voltmeter connected
between the point in question and the chassis
would read zero d.c. volts.

The screen voltage for the detector oscilla-
tor tube is obtained from a voltage divider
which consists of resistors 12 and 8. The
sereen of the tube is kept at r.f. ground po-
tential by means of screen by-pass condenser
9 because this condenser acts as a short cir-
cuit as far as r.f. and i.f. are concerned.

The plate of the tube is supplied from the
output of the power pack through the pri-
mary of i.f. transformer 14.

Self-bias, due to grid current flow, is em-
ployed in the second detector circuit. When
no signal is tuned in, the control grid of the
second detector receives an intial negative
bias due to convection current caused by
electrons striking the grid and flowing
through the grid circuit instead of passing
on to the plate.

These electrons then flow through resistor
16, producing a voltage drop across it. The
number of these electrons is few but the high
value of resistor 716 makes the result appre-
ciable.

When an i.f. signal is applied to the tube
input, the grid draws current whenever the
signal makes the grid positive with respect
to the cathode. The grid current will vary
with the strength of the signal. The greater
the grid current flow, the more negative the
grid-cathode voltage becomes. This current
and the voltage produced by it will have an
average value, and this determines the grid
voltage and the operating point of the tube.

The screen grid of the second detector tube
is supplied through resistor 78. The screen
is kept at r.f. ground potential by means of
the .09-mfd. condenser which, like the first
detector sereen by-pass, is marked 9. Thus
we know that the two .09-mfd. screen by-pass
condensers for the first and second detectors
are in the same container, since they have
the same identifying number,
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The plate of the second detector is sup-
plied through resistors 19 and 22, with 19
acting as an i.f. load resistor and 22 as the
plate a.f. load.

The grid bias for the 6F68G output tube is
obtained by means of the voltage drop occur-
ring across the 325-ohm bleeder resistor
marked 30. The polarity of this voltage is
indicated on the diagram. The cathode cur-
rents of all tubes and the bleeder current
through resistors 12 and 8 flow through re-
sistor 30. The ungrounded end of the resistor
is negative with respect to chassis.

Since the grid return of the 6F6G tube is
connected to the ungrounded end of resistor
80 and the cathode is connected to the
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Fig. 5. Top-of-chassis diagram of Philco Model
37-84 receiver, showing locations of compensat-
ing condensers.

grounded end, the voltage across resistor 30
is applied to the grid-cathode of the 8F6G
tube, through resistor 23.

The screen of the output tube is supplied
directly from the positive side of the power
pack (B+4-).From B— (ground) theelectrons
flow through the various receiving tubes and
bleeder resistors and back to B4-. The elec-
trons then flow through the speaker fleld
-(marked 27 in the diagram) to the rectifier
filament. From there they go to whichever
plate is positive with respect to the rectifier
tube filament.

The Power Pack Filter. The loudspeaker
fleld is used as the filter choke. In conjunc-
tion with the electrolytic condensers marked
29, it serves to reduce the 120-cycle ripple at
the output of the power unit.

Considerable ripple current flows through
the field, however, and results in a 120-cycle
variation in the magnetic flux. Ordinarily
this would cause the voice coil to move the
cone back and forth and give rise to hum.

You will note from the diagram that there
is a coil directly in series with the voice
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coll, shown to be wound in an opposite direc-
tion. This is known as the hum-bucking coil
and is wound over a section of the speaker
field. Therefore, we will have hum voltage
induced both into the hum-bucking coil and
into the voice coil. Since these coils are
wound in opposite directions, the voltages
induced into them will be of opposite polar-
ity. As a result, no hum current flows through
the circuit, since the voltages are not only
opposite but are also equal.

Sirce no current due to the loudspeaker
fleld flux variation flows through the voice
coil at the 120-cycle frequency, there will
not be any tendency for the cone to move
back and forth and no hum is produced by
this hum source. In this way the hum-buck-
ing coil actually bucks out any hum voltage
induced into the voice coil from the loud-
speaker fleld.

Condenser 28, connected from the primary
of the power transformer to the chassis,
serves to prevent any r.f. signals which may
be in the power line from getting into the
receiver.

You will note that one side of each receiv-
ing tube fllament is directly grounded, as is
terminal 4 on the power transformer filament
winding. The other leads, each terminating
in an arrow, connect to terminal 3 on the
filament winding, as does the ungrounded
lead of the pilot lamp.

By grounding one side of the fillament cir-
cuit in this manner, coupling between the dif-
ferent stages is eliminated, since a high r.f.
or a.f. potential cannot build up between the
ungrounded side of the fillament circuit and
chassis. This is due to the fact that the re-
sistance between the ungrounded side of the
fillament and the chassis is quite low.

Any small hum or r.f. currents getting into
the fllament circuit will build up voltages
which are very small, since voltage equals
current multiplied by resistance. If we fail
to ground one side of the filament circuit, the
resistance from the fllament to chassis will
be many megohms and a small undesired cur-
rent will build up a fairly large voltage.

Receiver Alignment. The alignment of
this receiver is quite simple. First the 1.f.
amplifier is aligned. This is done by tuning
the signal generator to 470 ke. (Fig. 5 shows
this to be the i.f. frequency), and feeding
the output into the aerial and ground posts of
the receiver. The dial of the receiver should
be turned to the lowest frequency (tuning
condensers fully meshed), as this will result
in least reduction of the signal voltage from
the signal generator. The modulated tone of
the signal generator will then be heard in
the loudspeaker.

The actual locations of the trimmers on
the chassis are shown in Fig. 5. As in many
Philco receivers, the i.f. trimmers are

mounted on the chassis rather than in the
i.f. transformer shield cans.

If an output meter is used, it may be con-
nected across the voice coil of the receiver.
All adjustments are to be made for maximum
output. First, trimmer condenser 15 is ad-
justed for maximum output. Next, condenser
11 is adjusted.

Regeneration control 17 should then be
turned clockwise (increase its capacity) to a
point where a squeal is heard. Now back off
the control by turning it counter-clockwise
about 14 turn until the oscillation (squeal)
disappears.

Repeat trimmer condenser adjustments 11
and 15. If regeneration results, again back
off control 17.

socket layout in Fig. 6. While the factory
manual states that these voltages are to be
measured from the tube contacts to the chas-
sis, you can see that in the case of the rec-
tifier heater voltage, you should connect the
test probes to the two heater socket ter-
minals. This is necessary since the rectifier
filament is at a very high potential with re-
spect to the chassis,

All of the d.c. voltages are to be measured
from the points indicated to the chassis.

With the exception of the heaters, all
measurements were taken with a d.c. volt-
meter having a sensitivity of 1000 ohms per
volt. The majority of multimeters now in
use have a sensitivity greater than this;
therefore, somewhat higher voltages are to

Fig. 6. Bottom-of-chassis diagram of Philco

Model 37-84 receiver, showing tube socket volt-

ages as measured from tube contacts to chassis
with a 1,000-ohm-per-volt voltmeter.

Go over these adjustments two or three
times to secure maximum sensitivity and
selectivity. After this don’t touch the adjust.
ments again.

Tune the receiver to the high-frequency
end of the dial, which is the position giving
minimum capacity of the gang tuning con-
denser (plates out of mesh).

Reset the signal generator frequency to
1700 ke. and adjust oscillator trimmer 13,
mounted on the condenser gang, for maxi-
mum output. Then tune the signal generator
to 1400 ke. and tune the receiver to the same
point for maximum output. The antenna
trimmer marked 5§ in the diagram should
then be adjusted for greatest reading on the
output meter.

This completes the alignment, as no oscil
lator low-frequency padder is used. Track.
ing is obtained by means of specially cut
plates. Incorrect tracking is an indication
that the i.f. is aligned at the wrong fre-
quency.

Voltage Measurements. In checking the
operating voltages, be guided by the tube

be expected when checking circuits contain-
ing a high value of resistance, such as the
plate and screen of the second detector tube.

Your voltage measurements, if properly
interpreted, can often lead you directly to
the source of the trouble. For example, if
all the d.c. voltages are abnormally low, you
would suspect defective electrolytic conden-
gers, particularly the 8-mfd. input filter con-
denser.

Lack of voltage on the screen of the first
detector-oscillator tube would be due, in all
probability, to a short in the .09-mfd. screen
by-pass condenser and perhaps to an open
in the 16,000-ohm screen supply resistor
marked 12.

Abnormally high voltage on the screen,
coupled with the complaint of squealing,
would be due to an open in the 13,000-ohm
bleeder marked 8 in the diagram.

Lack of voltage on the screen of the second
detector could be due to a breakdown in the
screen by-pass. A breakdown in this by-pass
condenser wouldn’t, in all probability, cause



the 1-megohm screen supply resistor to burn
out, since its value is so high that even the
full voltage of the power pack could not
cause a great deal of current to flow through
it. However, if the condenser is not shorted,
resistor 18 should be checked with an ohm-
meter. The resistor may be open.

Lack of plate voltage on the second de-
tector would lead you to suspect resistors
19 and 22 and the .001-mfd. plate by-pass
condenser marked 20. Regeneration control
condenser 17 might also be shorted.

Screen voltage on the output tube but no
plate voltage would be due either to a short
in plate by-pass condenser 24 or to an open
in the primary of the output transformer.
If by-pass condenser 24 breaks down to the
point where it has no resistance, the power
pack may be damaged or the output trans-
former primary may burn out. Power pack
damage would be limited to the rectifier
tube and the power transformer.

Lack of d.c. voltages at any point, when
the rectifier, power transformer and filter
condensers are in good condition, would be
due either to an open in the loudspeaker
field or an open in C bias resistor 30.

Continuity Tests. In your study of pre-
vious diagrams, you have learned that all
tube electrodes at a positive potential should
trace back to the rectifier fllament, while
those at a negative potential should trace
back to either plate of the rectifier.

Here is how you can secure valuable prac-
tice: On each receiving tube, trace all screens
and plates back to the rectifier filament, and
all control grids, cathodes and suppressor
grids back to one plate of the rectifier,

Expected Performance. The performance
of this type of receiver is remarkable con-
sidering the number of tubes employed. Its
good sensitivity and selectivity may be at-
tributed to regeneration in the first and
second detectors. Lack of a.v.c. makes it im-
practical to listen to distant stations whose
carriers fade in and out.

Since the receiver is placed in a small
cabinet, the loudspeaker is necessarily of
the midget type, which cannot give good
reproduction of the low audio frequencies.
Regeneration with consequent side-band
cutting reduces the high-frequency audio re-
sponse. To sum up, you may expect sets of
this type to give acceptable rendition of
programs on local and semi-distant stations.
Tone quality is passable but cannot be com-
pared to that expected from a console type
receiver.

Common Causes of Typical Troubles. The
common troubles encountered in receivers
of this type are low operating voltages due
to defective fliter condensers, and intermit-
tent reception due to a change in value of
the volume control (disconnect the slider and
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check the volume control with an ohmmeter).
Oscillation is generally due to excess capac-
ity (caused by incorrect adjustment) in re-
generation condenser 17, although screen
bleeder 8 sometimes opens up, as does the
detector-oscillator screen by-pass condenser.

A more than average amount of trouble
is encountered in oscillator circuits of this
type. Frequently, the oscillator refuses to
function at the low-frequency end of the dial.
The first thing to do is to try a new detector-
oscillator tube or interchange this one with
the second detector which is of the same type.
When the gain of the tube falls off due to
loss in cathode emission, it is harder for the
oscillator to work at the low-frequency end
of the dial.

When a new tube does not clear up the
trouble, excessively high bias is indicated.
This can be corrected by reducing the value
of cathode bias resistor 6 to approximately
4000 ohms. The rule here is to use a replace-
ment resistor having about one-third less re-
sistance than the original.

If continued trouble is experienced, go

L)

2%° DET.

o.0i5uf

4000

over all connections in the oscillator circuit
with a hot soldering iron. Where bolts are
used to hold the stators of the tuning con-
densers in place, loosen and tighten these
bolts one at a time, as a high-resistance
joint sometimes occurs at this point and
movement of the bolts will eliminate the
corrosion which caused the high resistance.

If the oscillator refuses to function at the
high-frequency end of the dial, this in prac-
tically every case indicates moisture absorp-
tion by the oscillator coil. The remedy is to
install a new oscillator coil.

It is a good idea to draw a picture diagram
showing the connections to an old coil. This
will prevent you from making a mistake
when installing the new coil.

A loud audio squealing heard in the re-
receiver loudspeaker may be due to opening
up of the 6F6G plate by-pass marked 24 or
the C bias by-pass condenser marked 28, con-
nected across bias resistor 30.

Distortion in this receiver is often due to
leakage in the a.f. coupling condenser marked
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Fig. 7. Schematic circuit diagram of Philco

Model 37-84 four-tube a.c. superheterodyne re-

ceiver. Note the use of the Greek letter "mu"

following condenser values. This Greek letter

represents "micro,” and "f" stands for "farads,"

so this is just another way of abbreviating
"microfarads.”

20, having a capacity of .015 mfd. Check
for leakage at this point by measuring for
voltage across resistor 23. A d.c. voltage will
not normally exist across this resistor. If it
does, remove the output tube to see if it is
gassy. If the voltage drops with the tube
out of the circuit, gas did exist in the tube.
If d.c. voltage remains, even with the tube
removed, the coupling condenser is leaky.

As indicated in the diagram, the .001-mfd.
plate by-pass and .015-mfd. coupling con-
densers are in a single container. Either can
be replaced with a separate condenser, while
the remaining good section can be left in the
circuit.
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TRUETONE D746 Five-Tube Auto Radio

ENERAL Description. The Truetone

model D746 is a five-tube superhetero-
dyne receiver having a turning range of 530
ke. to 1550 ke. It operates from a 6-volt
storage battery and uses the automotive
type 6.3-volt tubes. The B supply is obtained
from a vibrator and a tube rectifier.

Additional data in the factory manual
states that the receiver is of the single-unit
type, no flexible shaft being used. The entire
radio and automatic mechanical tuning me-
chanism is self-contained.

Five levers are provided for accurate and
convenient automatic station selection, plus
the conventional manual tuning control.
This makes full tuning range coverage avail-
able at all times without any switching de-
vice from automatic to manual tuning.

The tube complement consists of a type
6AS8 pentagrid converter, a type 6K7 remote
cut-off pentode used as an i.f. amplifier, a
type 6Q7 duplex diode triode used as a
second detector, a.v.c. and first audio, a type
6K6 pentode output amplifier, and a type
6X5 high vacuum rectifier with indirectly
heated cathode.

This set derives r.f. gain from its frequency
converter and one stage of i.f., and obtains
a.f. gain from one voltage amplifier and the
output a.f. stage.

Tracing Signal Circuits. The signal
picked up by the antenna causes a current
to flow through condensers €2 and €3. Con-
denser O3 is not only in the input ecircuit
but also in the first tuned circuit feeding the
frequency converter tube. This is capacity
coupling to the antenna, in contrast to the
more usual inductive coupling found in home
receivers, )

The voltage applied to C3 is stepped up by
resonance. The resonant signal appearing
across tuning condenser O is applied directly
between the control grid (grid No. 4) and
cathode of the 6A8 type tube.

F'requency Converter. The local oscillator
produces a signal for frequency conversion.
The oscillator electrodes in the 6A8 tube are
cathode (pin 8), control grid (pin 5) and
anode (pin 6).

When the oscillator is working, we have
a variation in the electron stream passing
through the oscillator anode to the screen
and plate electrodes. When the incoming
signal voltage is applied to the mixer grid
(top cap G), the electron stream is again
caused to vary, this time at the signal fre-
quency. Mixing of the two signals takes
place in the tube.

The oscillator frequency l.s always above
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the frequency of the incoming signal by the
amount of the intermediate frequency, which
in this case is 465 kc., as noted on the dia-
gram.

Because of the curvature in the E,I,
characteristic of the tube operating as a de-
tector, a beat frequency is produced in the
plate circuit. The resulting 465-ke. beat
builds up a large circulatory current and a
high voltage in the primary of transformer
T3. All other frequencies, such as the sum
of the oscillator and incoming signal fre-
quencies, the oscillator signal alone and the
incoming signal alone, are by-passed around
the primary coil by the first i.f. trimmer con-
denser. All signals, including the i.f. signal,
are returned to the cathode tbrough con-
denser C6.

LF. Amplifier. By mutual induction, an
i.f. signal voltage is induced into the sec-
ondary of transformer 7'8, and the resonant
i.f. signal voltage appears across the sec-
ondary coil and its trimmer condenser. This
signal is applied between the control grid
and cathode of the 6K7 tube, the cathode
connection being through condenser C8.

Because the primary circuit of 7'} presents
a large impedance in the plate circuit of the
6K7 tube, the latter produces an i.f. voltage
across the primary of T4, greatly amplified
with respect to the input signal. A signal
voltage is induced into the secondary of 7'
and after resonant step-up is large enough
for rectification.

Second Detector. The upper diode plate
in the 6QT7 is used for detection. When it is
positive, electrons flow from the cathode to
this plate, through the secondary of trans-
former T4, and through volume control R6
back to the cathode. R6 therefore acts as the
diode load resistor, and a rectified signal
appears across it. This is a combination of
d.c. and the a.f. signal. Condenser C9 serves
to remove the i.f. from the diode output, so
it does not appear across the volume con-
trol.

First A.F., Stage. The audio signal is fed
from the variable tap on the control through
condenser C10 to the control grid of the
6Q7 tube. The signal is developed across
resistor 1’9 in thig circuit, the low-potential
end of RY being connected to the tube cath-
ode and the cathode end of the volume con-
trol through condenser C1}.

The resulting audio variations in the 6Q7
plate current cause a large audio signal volt-
age to be built up across resistor R12, (013
serves to remove any i.f. signal which may
have gotten into the plate circuit, by-passing
it around the plate load and through resistor
R7 to the cathode. The amplified audio sig-

nal is new applied across R13 through con-
densers C15 at the grid end and through
C11, R7 and C16 at the other end.

Power Output Stage. The signal voltage
across R13 is applied to the control grid-
cathode of the 6K6 tube, the cathode con-
nection being through C16.

The 6K6 tube then amplifies the signal
voltage across 13, and we now have a very
large signal current flowing through the pri-
mary of output transformer 7'6. The turns
ratio of the transformer matches the voice
coil impedance to the tube plate impedance.
The voltage induced into the secondary and
the resultant current flow through the voice
coil causes the voice coil and attached cone
to move in and out in step with the audio
signal, and in this way the cone produces
sound waves.

Signal Circuit Features. We will now con-
sider some of the signal circuit features im
this set. First, from the diagram we see that
the oscillator is not equipped with a low-
frequency padder condenser. We may there-
fore assume that the oscillator tuning con-
denser has specially cut plates in order to
obtain tracking over the entire band. In ad-
dition, and this is peculiar only to some auto
receivers, condenser O3 serves as an r.f. pad-
der condenser and has the duty of helping
make the preselector track or follow the os-
cillator by the i.f. frequency difference.

Condenser C1 has a capacity of only .00002
mfd. and consists only of two flat metal
plates separated by mica. A condenser of
this construction will maintain its capacity
even at the high frequencies produced by the
auto ignition system—in other words, it is
an excellent by-pass. Condenser 02 is of the
usual wound wax paper type. Because of
its construction, it actually becomes a coil
at ultra-high frequencies.

Ignition interference is modulated on
ultra-high frequencies. When it enters the
input circuit, C2 acting as a coil with rela-
tively high reactance forces this signal to
take the CI path to ground. Broadcast sig-
nals will be by-passed by C1 to some extent,
but will mainly be capacitively coupled
through C2 to the resonant circuit by con-
denser 03. At broadcast frequencies C2 and
038 form the low-reactance path.

Condenser O} serves to couple the oscil-
lator tank circuit to the oscillator control
grid, and also serves (together with con-
denser C in the oscillator circuit) as a by-
pass across resistor R2, thus smoothing out
the r.f. across this resistor.

Resistor R8 is used to cut down on the
voltage to the oscillator anode, and con-
denser C5 is an r.f. by-pass condenser. Con-
densers 05, C6 and resistor 3 also serve to
keep any variations in the power supply cir-
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cuit rrom being applied to the oscillator
anode, as this might result in hum modula-
tion.

Condenser 6, which has a capacity of .05
mfd., is also the plate supply by-pass con-
denser for the 6A8 and 6K7 tubes. Condenser
C7, having a capacity of .1 mfd., is the screen
by-pass condenser for the first detector and
i.f. tube. Resistor I} serves to reduce the
plate supply voltage to the correct amount
for the screens of these two tubes.

Condenser (13, besides acting as an if.
by-pass in the plate of the 6Q7 tube, also re-
duces the high-frequency audio response of
the receiver, thus raising the bass response.

Condenser 018, connected between the
plate and cathode of the output tube, pre-
vents parasitic oscillations in the output
stage. The plate load, because of this con-
denser, is essentially capacitive at the high
audio frequencies at which such oscillation
would normally occur.

The A.V.C. System. There is nothing un-
usual about the a.v.c. circuit. The mixture
of d.c. and audio voltage developed across
resistor R6 is filtered by resistor 5 and
condenser (8 for application of d.c. voltage
only to the control grid of the 6K7 if. tube.
Further filtration is afforded by resistor I2/
and condenser C3 for the control grid of
the first detector tube. The minimum bias
for these tubes is 2.2 volts and is obtained
across resistor R7, in the main power sup-
ply system.

When no signal is tuned in, no voltage
exists across K1, k5 and R6, and the con-
trol grids and cathodes of these tubes are
essentially connected across I7. Naturally,
when a signal is tuned in, the a.v.c. voltage
appears across R6 and, being in series with
R?, determines the new operating bias.

When the incoming signal increases _iu
strength, the i.f. voltage applied to the caih-
ode and diode plate 5 of the 6Q7 tube in-
creases. This results in increased diode cur-
rent and a greater voltage across I26. This
in turn increases the negative bias of the
6A8 and 6K7 tubes, and reduces the receiver
sensitivity.

When the strength of the incoming signal
decreases, the rectified voltage across R6 de-
creases. Since this reduces the negative bias
of the 6A8 and 6KT7 tubes, the receiver sensi
tivity increases, thus enabling us to have an
automatice control of the volume.

No a.v.c. system is 1009, efficient, and a
change in the incoming signal strength will
result in some change in the output sound
level from the loudspeaker. Ior slight
changes in signal strength, the sound level
will not change perceptibly. Even for large
changes in signal strength, the output level
changes far less than if a.v.c. were not used.



The A.V.0. tas Gate. You will note that
diode plate 4 of the 6Q7 tube connects to the
grid return to the 6K7 tube at the junction
of resistor R5 and condenser C8. This ar-
rangement is known as a gas gate. If the
6K7 tube happens to become gassy, electrons
will flow up through resistors R6 and R5 to
the control grid of the 6K7 tube. This tends
to make the grid of the tube positive by an
amount equal to 4,000,000 ohms (R5 + R6)
multiplied by the gas currené in amperes.

When diode plate 4 becomes positive due
to gas in the 6K7, current will flow from
the 6Q7 cathode to this diode plate, lower-
ing the effective resistance of R5 and R6 and
therefore lowering the voltage drop pro-
duced across them by the gas current.

Tracing Supply Circuits. In this, or in
any other auto receiver, we only have the
6-volt storage battery in the car as a source
of power. We can feed the tube fllaments
and loudspeaker field directly from the bat-
tery since they are designed for 6-volt op-
eration. We must also feed the tube elec-
trodes with the correct d.c. voltages, which
in some cases will be as much as 200 volts.

D.C., as you know, cannot be stepped up.
Therefore, we use a non-synchronous vibra-
tor to interrupt the d.c. from the battery,
thus changing it for all practical purposes
to a.c. This a.c. may be stepped up by a
power transformer, rectified by a high-vac-
uum rectifier tube, and the pulsating d.c.
from the rectifier filtered just as in an a.c.
set. The rectified and filtered d.c. is then
ready to be applied to the various tube elec-
trodes.

The diagram shows that the vibrator is
used solely to interrupt the d.c. flowing
through the primary of power transformer
T5. It causes the supply current to flow first
through one section of the primary and then
through the other, giving the same effect as
an a.c. current.

The hot (ungrounded) A lead connects to
the center tap on the primary of the power
transformer through switch S and choke
L.1. Normally, the vibrator armature con-
nects to terminal 2, being held in place by
spring tension.

When the set is turned on, current will
flow through the armature coil of the vibra-
tor, connected to terminals 2 and 4. The cur-
rent flow is through the coil to vibrator ter-
minal 2, and through the armature in con-
tact with terminal 2 to the chassis. This will
pull up the armature, causing it to make con-
tact to terminal 3, and breaking the contact
of the armature coil to ground through ter-
minal 2 and the grounded armature. Then
the current flowing to the center tap on the
primary passes {hrough the upper section of
the primary to terminal 3, and through the
armature contact to terminal I, which con-
nects to the other side of the storage battery.
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The breaking of the circuit through the
armature coil allows the spring to return the
armature to terminal 2 on the vibrator. The
current then flows through the lower half of
the power transformer primary through the
contact at 2 and to the other side of the
storage battery. The armature coil is also
re-energized to pull the armature over again
for another round trip. This action occurs
as long as the receiver is turned on, and we
have current flowing first through one half
of the primary and then through the other
half.

As a result of feeding the primary with
alternating current, a large voltage is de-
veloped across the secondary of 7'5 and is
applied to terminals 3 and 5 of the rectifier
tube.

Since B— is the center tap on the sec-
ondary of 75, the B supply electron path is
from the center tap through bias resistors
R11, R8, R7 to the 6A8, 6K7 and 6K6 cath-
odes (in the case of the 6Q7 cathode, the
path is through R11 and RS8), then through
the tubes to the plates and other positive
electrodes, back to the rectifier cathode and
across to rectifier plate 3 or 5—whichever
one is positive.

Resistor R15 is used to prevent excess
voltage from being developed across the pri-
mary. Condenser C17 is a smoothing or buf-
fer condenser and helps to remove any ir-
regularities in the peaks of the secondary
voltage. It is also important to use the right
size of condenser at this point, so that the
vibrator will work smoothly and with a
minimum of sparking.

The cathode currents of all tubes flow
through resistors R7, R8 and R11 (with the
exception of the 6Q7, which skips R7), and
develop a voltage across these resistors. The
end connected to the power transformer sec-
ondary center tap is negative, while the end
connected to the chassis is positive, thus
forming the bias voltages.

Filter Circuits. You will note from the
diagram that the vibrator coil and the heater
of the rectifier tube are fed through choke
L1. To avoid vibrator interference, the fila-
ments of all but the rectifier tube are fed in
parallel directly from the ON-OFF switch.
as is the pilot lamp. The loudspeaker field
is also fed from this point, and these parts
are isolated from the interference produced
by the vibrator by the filter consisting of con-
denser C19 and choke LI1.

Condenser C19 serves to prevent any low-
frequency interfering vibrator signal from
feeding back through choke LI. The two
condensers marked SP are called spark
plate condensers and are essentially similar
in construction to condenser CI in the an-
tenna circuit. Since they do not have any

inductive effects at ultra-high frequencies,
they prevent any ignition interference pro-
duced at the car motor from entering the
receiver by way of its B power supply.

By this time you have probably noticed
that a filter choke is not used in the power
pack system. We do have, however, two
filter condensers marked €12 and C11. These
are 8-mfd. electrolytic condensers, and their
positive leads connect together and to the
cathode of the rectifier. Between their nega-
tive leads we have resistors R8 and RI1.
These two resistors therefore have the addi-
tional duty of replacing the more familiar
filter choke. The condensers have a reac-
tance of approximately 80 ohms each at the
ripple frequency. The frequency of the volt-
age applied to the plates of the rectifier is
approximately 120 eycles, due to the vibrator
design, and the rectified ripple frequency will
be twice this or 240 cycles.

It is possible to use resistors R8 and R11
as resistive filters instead of using a regular
filter choke, since their combined ohmie
value is quite high compared to the reac-
tance of C11 and C12 while still being low
enough not to seriously reduce the d.c. sup-
ply voltage. Furthermore, as high fidelity
is not a feature of this set, the a.f. section
of the receiver is so designed that low fre-
quencies of the order of 240 cycles or less
are not reproduced very well.

Bias Consgiderations. Resistor R2 is the
oscillator grid resistor. The rectified current
flowing through this resistor automatically
furnishes the cerrect negative bias for the
oscillator.

The grid bias for the triode section of the
6QT7 tube is obtained by means of the voltage
drop across resistor 8. The grid connec-
tion, made through resistors R9 and R10 to
the junction of RS and R11, is approximately
1.4 volts negative with respect to the cath-
ode, which connects to the junction of R7
and RS8. There may be voltage variations
across resistor R8, and these are filtered out
by means of resistor R10 and condenser C1}.

The grid bias for the 6K6 type tube is ob-
tained by means of the voltage drop across
resistors R7, R8 and R11. This is approxi-
mately 15 volts. Resistor R1} and condenser
C16 serve to prevent bias voltage variations
and hum across the bias resistors from get-
ting into the grid input circuit of the output
tube.

Veltage Measurements. While you will
normally check the electrode voltages at the
tube socket terminals, the manufacturer has
indicated in the diagram strategic points at
which the main supply voltages may be
checked.

First, you will see the notation “200V” ap-
pearing on the plate supply line for the 6A8
type tube. This means that all points con-

26

nected to this line, such as the cathode of the
6X5 or the screen of the 6K6, should measure
200 volts when the voltmeter probes are
touched to either one and the chassis. The
plate of the 6Q7 will be considerably less
than this, due to the drop in resistor R12,
while the voltage between the plate and
chassis of the 6K6 will be approximately 15
volts less than B-- due to the drop in the
primary of the output transformer. The
screen to chassis voltage of the 6K6 tube
will be 200 volts, since the screen is fed
directly from the line marked 200 V.,

The screen voltage for the first detector
and i.f. tubes is approximately 95 volts, as
marked on the diagram. The C bias voltages
for the 6K6 and 6Q7 tubes are approximately
15 volts and 3.6 volts respectively, as mea-
sured between the points indicated and the
chassig.

The actual bias on the 8Q7, as pointed out
previously, is not 3.6 volts since it only con-
sists of the voltage drop across resistor RS,
which is 1.4 volts. However, if the voltage
from the junction of R8 and R11 is 3.8 volts,
the voltage across R8 will be correct. The
initial bias for the 6A8 and 6KT7 tubes is
approximately 2.2 volts, and exists across
resistor R7.

Continuity Tests. With the set turned
off, we can check the various supply circuits
for continuity with an ohmmeter.

As you already know, those points sup-
plied with a positive potential should show
continuity back to the cathode of the rec-
tifier, the most positive d.c. point in the set.
As an example, place one ohmmeter probe
on the plate of the 6Q7 and the other on the
cathode of the 6X5 rectifier. Continuity will
be indicated through resistor R12 and we
will read a value of approximately 250,000
ohms on the ohmmeter.

A check between the screen grid (elec-
trode 4) of the BA8 and the rectifier cathode
will give us continuity through resistor Rj%,
with a reading of approximately 25,000
ohms. A check between the oscillator anode
(pin 6) and the rectifier cathode will give
us a resistance reading of approximately
30,000 ohms. The plate winding of the os-
cillator coil has a resistance of only 5.5 ohms
and this would be negligible with respect to
the value of R3. If you suspect a defect in
this winding, it must be checked individually
with a low ohmmeter range.

We can now trace the continuity between
those terminals supplied with a negative po-
tential and either plate of the rectifier, the
common reference point. Put one ohmmeter
test probe on the top cap of the 6AS8 tube,
and the other probe on one of the rectifier
plates. We will then obtain a reading
through T1, R1, R5, R6, R8, R11, and one-
half of the power transformer secondary



winding. The cathode of the 8Q7 traces back
through resistors 8 and R11 and one-half
of the power transformer secondary. The
control grid of the 6K6 traces back through
resistors R13, R1} and the power trans-
former secondary to one 6X5 plate.

Alignment. The 1.f. alignment of this re-
ceiver i8 quite conventional. As an output
indicator, we could connect a vacuum tube
voltmeter across diode load resistor R6 or
we could connect a low-range copper-oxide
rectifier-type a.c. voltmeter across the voice
coil. All adjustments are to be made for
maximum output. The i.f. is 465 ke, as
marked on the schematic.

The output of the signal generator, tuned
to 465 ke., is connected between the top cap
of the 6A8 type tube and the chassis. A
reading will then be observed on the output
meter, and all four of the i.f. trimmers, start-
ing with the two on the second if. trans-
former, are to. be adjusted for maximum
oufput.

It doesn’t matter whether we adjust the
primary trimmer first or whether we start
with the secondary trimmer. To be on the
safe side, you can go over the adjustments
two or three times. When a peak is finally
obtained, the i.f. amplifier is correctly ad-
justed and the trimmers are not touched
again.

The output of the signal generator is then
connected to the antenna post and the re-
ceiver chassis. For best results, a dummy
antenna which takes the place of the regular
aerial may be used in series with the output
lead of the test oscillator. This could con-
sist of a 175-mmfd. (.000175 mfd.) condenser,
as specified in the factory manual. One lead
of the condenser may be connected to the an-
tenna terminal of the receiver, and the re-
maining lead to the ungrounded signal gen-
erator output lead. The variable condenser
of the receiver is tuned to its minimum-ca-
pacity position (plates entirely out of
mesh), and the signal generator is adjusted
to 1550 ke. The oscillator trimmer on the
variable condenser gang is then adjusted for
maximum output. The signal generator is
then shifted to 1400 ke. and the signal is
tuned in by rotating the receiver tuning con-
denser. The antenna trimmer which is
mounted on the condenser gang is then ad-
justed to maximum output. (The antenna
and oscillator trimmers mounted on the con-
denser gang are not shown in the diagram.)

The signal generator is next set to 600
ke., and this signal is tuned in for maximum
output at aboute600 ke. on the receiver dial.
The padding condenser marked C$ in the
diagram is then adjusted for maximum out-
put.

Now go back and check the antenna trim-
mer only at 1400 ke. If an adjustment is
made, recheck C3 again at 600 ke.
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Servicing Hints. Let us suppose that the
receiver is distorted and that by touching
the top cap (control grid) of the 6Q7 and
the chassis with your hand the distortion
clears up. This definitely shows that excess
bias is being applied to the 8Q7, and points
to leakage in C15 as the cause of the
trouble.

As we have already found out, the bias
is due to the voltage drop across resistor RS.
A study of the diagram shows that the cath-
ode currents of all tubes flow through this
resistor. Immediately we suspect some tube
of drawing excessive plate current, since the
voltage drop is excessive across R8. The
6K6 is the most likely offender, since it
draws the most plate current.

The diagram shows that leakage in con-
denser (15 would cause the plate current
of the output tube to be excessive. We may
check for this by connecting a voltmeter
across resistor R13, with its positive probe
going to the control grid of the tube. If volt-
age is measured, we withdraw the 6K6 type
tube. If this causes the voltage to disappear,
the tube is gassy. If the voltage is still pres-
ent it is definite proof that C15 is leaky.
Normally, no voltage should exist across re-
sistor R13.

You might think that a positive bias on
the grid of the 6KK6 would of itself cause dis-
tortion.. Such is not the case, for the in-
creuse in plate current increases the voltage
across resistors R7, R8 and R11 and main-
tains more or less normal bias for the grid
of the tube. The increase in voltage across
R7, R8 and R11 offsets to a certain extent
the positive bias developed across R13 and
R1}4 by leakage in C15.

It is interesting to see why touching the
6Q7 top cap and chassis lets us diagnose the
trouble as excess bias. Your body has re-
sistance and between the fingers touching the
top cap and chassis there is about 50,000
ohms. Connecting the top cap to the chassis
through 50,000 ohms or so simply reduces
the voltage between the control grid and
cathode because the voltage divides between
RY, R10 and your body. The voltage across
R9 and R10 is considerably greater than the
drop which acts as the bias voltage and
which occurs across your body.

If the receiver squeals when a station is
tuned in, we immediately suspect oscillation
in the i.f. amplifier or the mixer. A glance
at the diagram shows that this would most
probably be due to an open in condenser C7.
We check for this condition by letting the set
squeal and by connecting another condenser
across C7, or from pin 4 on the 6K7 tube to
the chassis. If this stops the squeiling, it's
definite proof that C7 is open and should be
replaced. There is a possibility that an open
in the plate by-pass condenser 06 could cause

the same trouble, and it is checked in the
same manner as C7.

If excessive hum is heard, we should be
on the lookout for cathode-to-heater leakage
in some of the tubes, and for drying up of
electrolytic filter condensers C11 and CI2.
These two condensers should be checked by
substitution, being sure to observe the po-
larity markings of the test condensers by
connecting their positive leads to the 6X5
cathode.

Motorboating or noise originating in the
a.f. section of the set (check on this by re-
moving the 6K7 type tube to see if the noise
is still present) would cause us to suspect
an open in condensers C14 and C16, the a.f.
decoupling capacitors. They should be
checked for an open by substitution. Hum
might also result if these condensers are
open.

Distortion and audio oscillation may be
due to an open in condenser C18.

Excessive noise may be caused by worn
vibrator contacts. In cases where it is not
practical to remove the vibrator housing to
see if sparking occurs at the contacts, a new
vibrator should be tried, after checking con-
denser C'17 by replacement and measuring
the value of R15. One terminal of this re-
sistor must be disconnected when checking
it with an ohmmeter, so that a misleading
reading will not be obtained through the
power transformer primary.

The spark plate condensers seldom if ever
give trouble, although some vibrator hash
may get into the receiver if 019 is open.

Weak signals coupled with distortion
would lead you to believe that the loud-
speaker fleld was open. This wouldn't affect
the application of correct voltages to the
tube electrodes. A quick check may be made
on the fleld by holding a screwdriver near
the metal pole plece. If the fleld is ener-
gized there will be a pull on the screwdriver.
If it is not, the field should be disconnected
and checked with an ohmmeter.

If the receiver is dead and a circuit dis-
turbance test shows all stages to be alive, you
would immediately suspect failure of the
oscillator. This would most probably be due
to lack of plate voltage on the oscillator
anode grid, pin 6 in the diagram.

Immediately you would suspect a short or
leak in condenser C5, with perhaps opening
up of resistor R3. If these points proved to
be in good condition, you would check the
5.5-chm winding of the oscillator coil to see
if it was open.

Trouble sometimes is experienced with this
type oscillator if the oscillator grid resistor
changes in value. A value lower than 50,000
ohms for R2 will frequently cause the oscil-
lator to be dead at the low-frequency end of

the dial. Sometimes a value as high as 75,000
ohms may be used. If the resistor is made
too high in value, the oscillator will inter-
mittently block, particularly at the high-
frequency end of the dial.

High-resistance connections in the oscil-
lator circuit will cause the oscillator output
to be poor at the low frequencies. If the os-
cillator stops functioning at the high fre-
quencies, the o&clllator coil probably has ab-
sorbed moisture, and it would be best to in-
stall another. When another cannot earily
be obtained, the oscillator coil can be baked
in an oven to drive off the moisture.

Tracking failure of the oscillator and pre-
selector, if not due to incorrect adjustment
or a defect in condenser €8, is probably due
to the i.f. being aligned at the wrong fre-
quency.

Blasting and distortion on strong local
stations would indicate lack of a.v.c. voltage,
and this in turn would probably be due to a
short in a.v.c. filter 08 or to a short between
diode plate 4 and the cathode of the 6QT7 type
tube.

Automatic Tuning Set-Up. This recelver
has a mechanical automatic tuning system.
There are five levers on the dial by means
of which five stations may be selected, as in-
dicated in Fig. 9. The procedure for setting
these automatic tuning levers is as follows:

Make a list of local stations you tune in
regularly ; any number up to and including
five.

Any order of grouping can be used, either
by assigning call letters for the levers alpha-
betically or arranging them to correspond
with the calibration on the dial scale.

Loosen the special locking screw (“C” in
Fig. 9) which is located on the left side of
the tuner dial assembly.

Press DOWN ALL THE WAY any one of
the automatic tuner levers. Holding it down
FIRMLY, tune in by means of the tuning
knob (No. 1) the station you have assigned
to this lever. Turn the tuning knob very
slowly back and forth (while still holding
lever in downward position) until the signal
is clearest. The station will then be ac-
curately tuned in. Release the lever.

Press down another automatic tuner lever.
Holding it down FIRMLY, carefully tune in
the station assigned to this lever. Release
this lever.

Follow this procedure until you have se-
lected all of your favorite stations.

Now rotate the tuning knob (No. 1) to
the right (clockwise) as far as it will turn,
and tighten the special locking screw (“C”).

It is VERY IMPORTANT that this lock-
ing screw is turned until it is ABSOLUTELY
TIGHT.
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» CONNECTION c4
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R3 200V
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LOCATIONS OF PINS. 465 KC.

RESET .
Lock screw C
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1

TUNING 2VOLUME CONTROL
CONTROL & OFF ON SWITCH

Fig. 9. Front view of Truetone Model D-746
receiver, showing automatic tuning levers. Lock-
ing ‘screw "C" will lock in place all the stations
you have selected on the automatic tuner levers,
If you should desire to change any station you
selected to another, loosen the locking screw
"C" one or two turns, and select the new station
as explained. Be sure to retighten the locking
screw, otherwise the stations you have selected
will not stay adjusted to the levers.
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Fig. 8. Schematic circuit diagram of Truetone
Model D-746 five-tube auto radio receiver. The
parts list for this set is given below. Voltage
values on the diagram represent d.c. voltages
to chassis. All condenser values are assumed to
be in microfarads. Percentages after values in-
dicate the percent of tolerance which is permis-
sible in the values of replacement resistors or
condensers. The abbreviation w. stands for
"watts."

RESISTORS

RI 250M ohm—I1/10 w. 20%
R2 50M ohm—I1/10 w. 20%
R3 30M ohm—I/; w. 20%

R4 25M ohm—I| watt 10%
RS 3 megohm—1/10 w. 20%
Ré | megohm volume control
R7 50 ohm—I1/3 w. 10%

R8 30 ohm—I1/3 w. 10%

R9 2 megohm—1/3 w. 20%

C2
C3
C4
Cs
Cé
Cc7
Cs
C9
cio
ci
ciz

I megohm—I1/3 w. 20%
250 ohm—I1 watt 10%
250M ohm—I1/10 w. 20%
250M ohm—I1/10 w. 20%
250M ohm—I1/10 w. 20%
200 ohm—1/3 w. 20%

CONDENSERS

2-gang variable condenser
.00002 Mica 20%
.01 x 400 v, 25%
Antenna Trimmer
.00025 Mica 20%
.1 x 200 v. 25%
.05 x 400 v. 25%,
. x 200 v. 25%
.05 x 200 v. 25%
.0001 Mica 20%
.0l x 200 v. 25%
8. mfd. Electrolytic
8. mfd. Electrolytic

Q) &)

(2) 0

ci3
Cl4
Cis
Clé
Ci7
Cis
Cil9

Tl

T2
T3
T4
T5
Té
7
L
Pl
Si
SP
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VIBRATOR

.0005 Mica 20%

.01 x 200 v. 25%

.01 x 400 v. 25%

.006 x 600 v. 25%

.005 x 1200 v. 10%

.0l x 600 v. 25%

5 x 120 v. 50-10%

Cll and CI2 in same unit

PARTS

Antenna coil complete
Oscillator coil complete

Input I.F. 465 kc.—complete
Output I.F. 465 kc.—complete
Power Transformer

Output Transformer

5" Dynamic Speaker

"A" Filter Choke

6.8 v. pilot light

Off-on Switch on Volume Control
Spark Plates

GREEN @ ‘

| Q®



THE VALUE OF KNOWLEDGE

Knowledge comes in mighty handy in the prac-
tical affairs of everyday life. For instance, it increases
the value of your daily work and thereby increases
your earning power. It brings you the respect of

others. It enables you to understand the complex
events of modern life, so you can get along better
with other people. Thusly, by bringing skill and
power and understanding, knowledge gives you one
essential requirement for true happiness.

But what knowledge should you look for? The
first choice naturally goes to knowledge in the field
of vour greatest interest—RADIO. Become just a
little better informed about radio than those you will
work with, and your success will be assured.

It pays to know—Dbut it pays even more to know
how to use what you know. You must be able to
make your knowledge of value 1o others, to the rest
of the world, in order to get cash for knowledge.

The N. R. L. Course gives you radio knowledge,
and in addition shows how to use what you learn.
Master thoroughly each part of your Course, and
you’ll soon be getting cash for your knowledge.
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