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tubes and transistors.

] 3. Removing the Set for Servicing. ..................Pages 7-12

You study the techniques for getting the set out of the cabinet.

[] 4. ldentifying Receiver Stages. . ...................Pages 12-16
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Here we go over the major defects that are found in each of the parts you have
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EGARDLESS of what type of elec-

tronic career you are planning
you will unquestionably deal with
radio receivers at least part of the
time. Obviously, if you decide to go
into radio and television service work
you will receive many radio receivers
to repair.

If you are planning to go into radio
and television communications, you
will still have to repair a radio re-
ceiver occasionally. For example,
practically every radio or television
station keeps one or two receivers
around.

There may be one or more radios
in the offices of the station executives.
You would feel very embarrassed in-
deed if you had to call in a service-
man to fix one of these receivers.

The two-way radio communications
stations used on airplanes, on boats,
and on railroads as well as by police
and fire departments are other ex-
amples of radio receivers a technician
may be called in to repair. Even if
you decide to become a technician in
an industrial plant, you will still find
occasions when you will be called on
to service radio receivers. Further-
more, the fundamental ideas used in

servicing radio can be applied to any
picce of electronic equipment. There-
fore, regardless of what type of work
vou expect to go into in your elec-
tronies career, you should spend a
certain amount of time learning to
service radio receivers.

PURPOSE OF THIS LESSON

First, as a beginner you must learn
how to identify the various parts used
in electronic equipment. One of the
simplest pieces of electronic equip-
ment is a radio receiver and therefore
this is a good place to start.

The second and perhaps even more
important purpose of this lesson is to
start teaching you a systematic pro-
cedure that you can use to service all
electronic devices. Most modern radio
receivers have only 5 tubes if they are
vacuum-tube receivers and some-
where between 5 and 7 transistors if
they are transistorized receivers. We
call each tube, or each transistor, and
the parts associated with it, a stage.
The average stage has five or six parts
besides the tube or transistor. In a
five-tube receiver, this would mean
about 25 or 30 parts in addition to
the tubes, and in a transistorized re-



ceiver maybe as many as 40 parts.
However, let’s consider a more com-
plex piece of electronic equipment. The
average television receiver has about
20 stages and therefore several hun-
dred parts. Some complex pieces of
electronic equipment have thousands
of parts. Needless to say, if one of
these parts breaks down, it would be
an almost endless task to try to find
the defective part by checking each
part, one at a time. You must have
some systematic procedure that will
lead you from the effect that the de-
feet produces to the cause of the
trouble. We call this procedure effect-
to-cause reasoning.

Before going ahead let’s take a
quick look at what we mean by effect-
to-cause reasoning.

EFFECT-TO-CAUSE REASONING

The successful use of effect-to-
cause reasoning in servicing electronic
equipment depends upon dividing the
equipment into sections. For ex-
ample, consider a television receiver.
The average TV set has about twenty
tubes. However, the set itself can be
divided into about five or six sections.
Some of the sections have only one
stage, others have three or four
stages. Each section has a definite
job to perform.

If a defect develops in the receiver,
the way in which the receiver per-
forms will usually indicate the section
in which the defect has occurred.
Therefore by noting carefully the per-
formance of a receiver, you ecan
usually isolate the defect to one sec-
tion immediately. Now, if the section
of the receiver in which the defect is
located happens to be a small section
with only one or two tubes, the job
of finding the defective component
will be fairly simple. However, if it

is in a larger section with three or four
tubes, finding the trouble may still
present some problem. Then, the next
step is to apply professional servicing
techniques to isolate the defect to one
stage in the defective section. In
other words, if there are four stages
in the defective section, you isolate
the trouble to one stage. Once you
have isolated the trouble to one stage,
you concentrate on the individual
circuits in that stage. There may be
three or four circuits; by taking a few
measurements with a voltmeter or an
ohmmeter, you can usually isolate
the trouble to one circuit. In each
circuit there are probably no more
than a few parts. It is a simple matter
to test these parts one at a time if
necessary to find the defective one.

You can see how much simpler it is
to service a 20-tube TV receiver by
using effect-to-cause reasoning than
it would be to start servicing the set
by checking one part after another.

The successful use of effect-to-
cause reasoning in servicing elec-
tronic equipment is based on the tech-
nician’s understanding of how the
equipment should work and how a de-
fect in one circuit will affect the
operation of the equipment.

You will find this lesson extremely
important in your electronics career.
Here you learn something about
effect-to-cause reasoning. You will
learn how to identify the major
parts in a radio receiver. You will
see that receivers using transistors
are not very different from receivers
using tubes, and that the major parts
used in the two are similar. In the
following lessons you will study in
detail how the various parts found in
clectronic equipment work and in
later lessons how they are used to-
gether to form stages.
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Analyzing the Modern Radio

Receiver

In order to wuse effect-to-cause
reasoning in servicing a radio, you
must understand what happens to the
signal from the time it is picked up
by the antenna to the time it comes
out as sound from the loudspeaker.
This is what we will study in this
section.

Most of the first radio receivers
built were comparatively simple de-
vices. The incoming modulated rf
signal was amplified by one or more
rf amplifiers, the signal was then fed
to a detector stage that separated the
audio from the modulated rf carrier.
The detector was followed by a num-
ber of audio stages, which increased
the amplitude of the audio or sound
signal before it was applied to the
reproducing device, which was either
headphones or a loudspeaker.

This type of receiver is called a
tuned-radio-frequency receiver, ab-
breviated “trf.” Modern radio re-
ceivers are somewhat more complex
than the trf receiver. The trf re-
ceiver will not give satisfactory per-
formance today in the crowded
broadcast band where there are many
high-power stations operating.

Modern receivers use a circuit
called the superheterodyne ecireuit
(pronounced Soo-pur-het-ur-o-dine
and often abbreviated superhet or
super). The superhet has many ad-
vantages over the trf receiver as you
will see.

BLOCK DIAGRAMS

Frequently it is convenient to study
the operation of a piece of electronic
equipment by using block diagrams
rather than detailed schematic dia-
grams. You already know that a

schematic shows all the electrical con-
nections in a piece of electronic equip-
ment. A block diagram, on the other
hand, is much simpler. The various
stages are simply represented by a
square. By using this type of diagram
we can study the piece of electronic
equipment and consider the general
purpose of each stage in the equip-
ment, and learn how the equipment
operates, without going into the de-
tails of each circuit used in each stage.

The block diagram of a super-
heterodyne receiver is shown in Fig.
1. Let us follow the signal through
the receiver from the antenna to the
loudspeaker.

THE BASIC
SUPERHETERODYNE RECEIVER

In an earlier lesson, you learned
that the radio waves sent out into
space by the radio transmitter are
made up of two signals—a carrier
signal and an audio signal. The fre-
quency of the carrier is very high;
we say it is a “radio frequency.” This
is abbreviated rf. The audio signal
has a lower frequency, corresponding
to the actual sounds being produced
at the microphone. The audio signal
is combined with the rf carrier at the
transmitter. We say the rf carrier is
“modulated” by the audio signal.

This modulated rf carrier is picked
up by the antenna of the radio re-
ceiver. The antenna feeds it into a
stage called the mixer-first detector.
Another signal is also being fed into
the mixer first-detector. This 1is
another rf signal, which is generated
right in the receiver. The stage that
generates this second signal is called
the “rf oscillator” stage. (Any stage



that generates a signal is called an
oscillator.) This stage is also called
the “local” oscillator, because it
generates the signal at the receiver,
or “locally.”

These two signals, the modulated
rf carrier signal and the rf signal
from the local oscillator, are fed into
the mixer where they are mixed to-
gether. When you mix two radio
signals in a stage such as this, you
will have four signals in the output
of the mixer. These are: the original
modulated rf carrier, the signal from
the rf oscillator, one signal having a
frequency equal to the sum of the
two frequencies, and another signal
having a frequency equal to the
difference between the two fre-
quencies. Both the sum and difference
frequencies will be modulated with
the original audio signal. In the out-
put of the mixer is a circuit which
rejects all signals except the one
having a frequency equal to the
difference between the two signals.
This difference frequency signal is a
radio frequency signal which 1is
modulated by the original audio
signal. The difference signal is called
the intermediate frequency signal,
which is wusually shortened to i-f
signal.

This first stage is also sometimes

1 1 RADIO WAVES

called a “converter” because it con-
verts the incoming signal into an i-f
signal.

The modulated i-f signal is then
fed to a stage called the i-f amplifier.
There it is strengthened, or amplified.
The modulated i-f carrier signal is
then fed to a second detector where
the audio signal and the i-f carrier
are separated. At the output of the
second detector we will have only the
audio signal. The audio signal is then
fed through two audio stages where
it is amplified further. The first ot
these audio stages is called the first
af stage, and the second one is called
the audio output stage or simply the
output stage. The signal from the out-
put stage is used to drive the loud-
speaker, which converts the audio
signal into sound.

The big advantage of the super-
heterodyne receiver is that it has
much better selectivity than a trf
receiver. For example, suppose there
are two broadcast-band stations, one
operating on a frequency of 1000 ke,
and the other operating on a fre-
quency of 1010 ke. This 10-ke
separation between the two stations
is a frequency difference of only 1%.
It would be extremely difficult to de-
sign tuning circuits that could sep-
arate the two signals. However, when

MODULATED ~  MODULATED  MODULATED  AUDIO AUDIO AUDIO
RF SIGNAL I-F SIGNAL _I-F SIGNAL ___ SIGNAL SIGNAL ____SIGNAL
— —

MIXER Y FIRST AUDIO s
FIRST o B AF » OUTPUT —
DETECTOR STAGE STAGE —
| | | SOUND
WAVES

POWER
SUPPLY

RF
OSCILLATOR

FIG. 1. Block diagram of a superheterodyne receiver.
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FIG. 2. Block diagram of a modern 5-tube receiver.

these signals are mixed with the signal
from a local oscillator, the carrier
frequencies are converted to a lower
i-f carrier frequency. If the i-f fre-
quency is a 100 ke, the 10 ke differ-
ence in frequency between the two
signals, is now a difference of 10%.
It is much easier to separate two
signals differing in frequency by 10%,
than it is to separate signals differing
in frequency by 1%.

The superheterodyne has another
big advantage. It is made so that the
mixer stage and the oscillator stage
are tuned at the same time. When
we say a stage is “tuned” we mean
it is adjusted for a particular fre-
quency. Since these two stages are
tuned at the same time, it is possible
to keep the difference frequency con-
stant regardless of which frequency
the receiver is tuned to receive.

For example, they can be adjusted
so that there is always a 100-ke
difference in frequency between them.
If the mixer is receiving a modulated
rf signal having a frequency of 500
ke, the local oscillator will be generat-
ing a signal of 600 ke. The difference
frequency will be 100 ke. Then, when
the mixer is receiving a signal of
1500 ke, which is at the other end
of the broadecast-band, the local
oscillator will be generating a signal
of 1600 ke. The difference frequency
will still be 100 ke.

Since the output of the mixer-first
detector in this case will always be
100 ke, the i-f amplifier, which is the

next stage, can be designed to
operate at one frequency. An am-
plifier that is designed to operate
at a fixed frequency can be built
with higher gain than one that
must be tuned over a wide range of
frequencies. Therefore the i-f ampli-
fier in a superheterodyne receiver will
have much more gain than the r-f
amplifier in a trf receiver could have.
Because of this fact it is possible to
get a much higher gain in a super-
heterodyne with the same number of
tubes. We have used 100 ke for the
i-f frequency in this example because
it is an easy figure to work with.
Different i-f’s have been used by re-
ceiver manufacturers, but a frequency
of about 455 ke is used in most
modern receivers.

THE MODERN VACUUM-TUBE
RECEIVER

The block diagram shown in Fig. 1
has seven different stages. However,
modern superheterodynes designed
for broadecast operation usually have
only five tubes in them. Manufac-
turers have designed tubes that per-
form more than one function in order
to reduce the number of tubes re-
quired in the set from seven to five.

The mixer-first detector and oseil-
lator are usually combined in one
tube. Thus in Fig. 2 we see the first
stage where only one tube is used to
perform two separate operations, that
of generating the local rf signal which
is produced by the oscillator section



FIG. 3. Schematic symbol of the 6AT6

dual-diode-triode tube.

of the stage and the job of mixing the
locally generated signal with the in-
coming rf signal which is performed
by the mixer. This stage is usually
called the converter.

The second detector in most super-
heterodyne receivers is a diode type
of detector. The first af stage is
usually a triode tube and these two
tubes are usually combined in a single
envelope. As a matter of fact, most
tubes used in this stage are dual-
diode-triode tubes. This simply means
that there are two diodes and one
triode in the same envelope. (Actu-
ally only one of the diodes is used
in this type of circuit.) The schematic
symbol used to identify the type of
tube is showh in Fig. 3. Notice that
the tube has a single heater, and a
single cathode. It has three plates
marked PD1, PD2, and PT. The
letter P stands for plate and the letter
D for diode. The triode plate is
marked PT. This plate is drawn larger
than the two diode plates.

TRANSISTOR RECEIVERS

Many modern radio receivers, par-
ticularly portable receivers, use tran-
sistors in place of vacuum tubes.
Because transistors are small, rugged,
operate on very low voltages and con-
sume very little power, they are par-
ticularly suitable for use in portable
receivers because the battery life will
be much better than it would be in a
vacuum tube receiver. In other words,
the battery will last longer.

A block diagram of a transistorized
portable receiver is shown in Fig. 4.
Compare this with the block diagrams
shown in Figs. 1 and 2. Notice that
in general the block diagrams are
similar. As a matter of fact, if you
examine the block diagram of a re-
ceiver it would be difficult to tell
whether it used vacuum tubes or
transistors. This is the way it should
be, because actually the stages per-
form the same functions. In other
words, the oscillator in a receiver
using transistors generates a local rf
signal and the mixer mixes this signal
with the incoming signal, just as it
does in a vacuum-tube receiver. The
general purpose of each stage is the
same whether the stage uses a tran-
sistor or a vacuum tube. The ecircuit
details are different. However, the
purpose of a block diagram is not to
show the circuit details, but rather
to convey only general information
about each stage and what it is de-
signed to do. The transistor radio
shown in Fig. 4 has all the stages
found in the vacuum tube receiver
except the power supply. The power

CONVERTER 24 e

2ND IST
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FIG, 4.

Block diagram of a portable receiver using transistors in place of vacuum

tubes.
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is obtained from a battery. The set
does have more i-f and audio stages,
because a transistor does not have as
much gain as a tube.

SUMMARY

At this point in your lesson you
should have a general idea of what
happens in the various stages of the
superheterodyne receiver. You should
remember that the incoming signal is
mixed in the mixer stage with an rf
signal generated by a local oscillator
in the receiver. At the output of the
mixer there are four separate signals:
the original incoming modulated sig-
nal, the signal from the local oscil-
lator, a signal equal to the sum of the
two frequencies, and a fourth signal
equal to the difference between the
two frequencies. A special circuit in
the output of the mixer selects the
difference frequency signal and re-

jects the others. The difference fre-
quency signal, which is modulated
just as the incoming rf signal is
modulated, is amplified by the i-f
amplifier and fed to the second detec-
tor where the audio signal is removed
from the rf carrier. The audio signal
is amplified by the first audio ampli-
fier and by the audio output stage.
From the audio output stage the
signal is fed to the loudspeaker. The
loudspeaker converts the audio signal
back into sound. The general purpose
of each of the various stages in the
receiver is the same whether the re-
ceiver uses vacuum tubes or tran-
sistors. Only the individual circuit
details are different.

Now that you have studied in
general the stages found in a radio
receiver, let’s see how a serviceman
would look over a set.

Removing the Set for Servicing

A typical modern receiver is shown
in Fig. 5. This type of receiver is
called an ac-de receiver because it
can be operated from either an ac or
a dec power line. Although most homes
are supplied with ac power, some
parts of a few large cities in the
country are supplied with de power.

The receiver shown in Fig. 5, like
most modern table model receivers,
is housed in a plastic cabinet. The
back of most receiver cabinets is
closed with a masonite or cardboard
frame. On the masonite or cardboard
a loop antenna is usually wound or
stamped. The back of the receiver
<hown m Fig. 5 15 shown in Fig. 6.
Notice that the receiver is rather
completely enclosed so that it is im-
possible to perform even such a

simple service operation as replacing
a tube without at least removing the
back from the receiver. In many
cases, the back is fastened securely
to the receiver chassis so it is neces-
sary to remove the entire chassis from

An ac-de table-model receiver,

the RCA 8-X-5E,

FIG, 5.



FIG. 6. The back of the receiver is en-
closed by a masonite board on which the
loop antenna is wound.

the cabinet before any work at all
can be performed on the receiver.

In this section of the lesson we will
discuss the removal of this receiver
from the cabinet.

REMOVING THE KNOBS

All receivers have at least two
knobs. The large knob on the re-
ceiver shown in Fig. 5 controls the
dial, the smaller one is the volume
control and on-off switch. Some re-
ceivers have a third knob, which is a
tone control, and still others have a
fourth knob, which is a band-change
switeh used to switeh from the broad-
cast band to one or more short wave
bands.

There are two different types of
knobs commonly used on receivers.
Practically all of the modern receivers
use knobs that simply slip on and are
held in place by a spring clip or by
friction. Some of the older rececivers
have knobs that are held in place by
a set screw.

Perhaps the easiest way to identify
the two types of knobs is to look for
a set screw in the knob. If there is
a set screw, then the obvious way to
remove the knob is to first loosen the
serew by turning it in a counter-
clockwise direction. When loosening
the set serew it is important to use
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the right size screwdriver. If you use
too large a screwdriver, the sides of
the blade will hit the sides of the
screw hole. This may prevent you
from getting the blade of the screw-
driver into the slotted head of the
serew, and also it can damage the
threads in the knob itself. If you use
too small a screwdriver, the screw-
driver may not have sufficient bear-
ing surface and you may destroy the
slot in the screw. In either case, once
you damage the set screw you may
have considerable trouble loosening it
and may have to replace the knob.
This usually means that you have to
replace all the knobs on the receiver
because it is often impossible to find
one that will exactly match the other
knobs on the set.

If there are no set screws then the
knobs are the slip-on type. This type
of knob is removed simply by pulling
it off.

In some cases it is impossible to
get a slip-on type of knob off the re-
ceiver even though you are able to
exert a fairly large amount of pres-
sure. Often this difficulty can be over-
come by wrapping a handkerchief

A\

FIG. 7. How to use a handkerchief
wrapped around the back of a slip-on
knob to remove the knob from the shaft.

around the back of the knob and then
pulling out on the knob while holding
the chassis as shown in Fig. 7. By
using this system you can remove
most knobs.

Sometimes even this method of re-
moving a slip-on knob fails. The knob
may have been on for a long time
and the spring clip in the knob may
have rusted to the shaft. Another
possibility is that a serviceman who
worked on the set previously has
glued the knob back on the set. In
either case it is usually necessary to
get a screwdriver or some similar
object in back of the knob to pry it
off. If it is necessary to take this step
to remove the knob, you should put
something between the blade of the
secrewdriver and the cabinet, to avoid
seratching or marring the cabinet.
Also, do not pry continually in one
place. Either turn the knob or slide
the screwdriver around to exert some
pressure on first one side of the knob
and then the other. This will usually
enable you to remove most knobs that
are frozen in place. However, some-
times even this fails, and the knob
will break.

TAKING THE SET OUT OF THE
CABINET

There are many different methods
used to hold radio receivers into the
cabinet. In some sets three or four
self-tapping screws are put through
the bottom of the cabinet into the
metal receiver chassis. In other re-
ceivers, two serews, one on each side
of the set, are screwed through the
back of the receiver chassis into a
molded flange in the cabinet to hold
the chassis in place. Many other
different schemes have been used.
Usually you can discover the method
by inspecting the set, looking for
screws that hold the chassis in place.

In many receivers self-tapping hex

FIG. 8. The top of the back is removed

from the grooves holding it in place by

pressing up on the rear of the top of the

cabinet and then tilting the top of the
back out of the groove.

serews are used to hold the chassis in
place. These screws, instead of being
made like an ordinary wood screw,
have a six-sided head. Some of the
serews have a slot in them so they can
be removed with a standard serew-
driver, but others have not. Hex-head
tools, which are often called nut
drivers are available and are ex-
tremely handy in removing the
SCrews.

The receiver shown in Fig. 5 uses
still a different scheme for holding
the set in place. To get this set out
of the cabinet, you first remove the
knobs from the front panel. Instrue-
tions for removing the back are
printed right on the back. The first
thing to do is to press upward on the
top of the cabinet, then you slip the
back out of the groove on the top of
the cabinet, as shown in Fig. 8. You
then tilt the back of the receiver back
to free the interlock contacts. This
is simply two prongs that plug into
a socket on the end of the line cord.
The back must be tilted back far
enough to disconnect these. Then, you
can lift the back up out of the slots
that have been molded into the re-
ceiver cabinet. This frees the back,
and it can be moved out a little.
However, you can’t pull the back out



FIG. 9. The back of the receiver cabinet

can be moved out of the way to replace

any defective tube without removing the
receiver from the cabinet.

too far, because the loop antenna is
mounted on it, and you may break
the connections connecting the loop
antenna to the receiver.

Once you have the back removed,
it can be turned out of the way as
shown in Fig. 9. With the receiver
back in this position, the tubes can
be reached, and any defective tubes
can be replaced without dismantling
the receiver further.

Up to this point no serviceman
should have any trouble, since he can
read the instructions on the back of
the set. However, there are no in-
structions given as to the exact
method of removing this set from the
cabinet. The serviceman confronted

with this problem must inspeet this
receiver to see how the chassis is held
in place. Upon close inspection you
will notice a bent metal rod holding

FIG. 10. Once the two Phillips screws
have been removed, the chassis can be
removed from the cabinet.
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FIG. 11.

showing the printed wiring.

A bottom view of the receiver

the chassis on the left side of the

receiver as shown in Fig. 9. This
metal rod fits into a hole in the

bottom of the cabinet and the other
end of the rod is held in place by a
Phillips-head screw, fitting into a
hole molded into the front of the
receiver cabinet. Also, on the right
side of the set, there is another
Phillips-head screw holding a tab on
the volume control. To remove the
set, these two serews must be re-
moved.

Once the serews holding the set in
place have been removed, the receiver
‘an be taken out of the cabinet as
shown in Fig. 10.

This receiver, instead of using a
metal chassis, is built on a board
made out of a plastic substance
called phenolic. The top of the board
can be seen in Fig. 10. Notice that

FIG. 12.

receiver built on a metal chassis, the

Motorola 52X11U. The speaker is

mounted on the chassis instead of in the

cabinet as it was in the set using a printed-
circuit board.

Top view of a typical ac-de

FIG. 13. Bottom view of an ac-de receiver using conventional wiring.

the tube sockets and miscellaneous
parts are all mounted on the top of
the board. There is little or no wiring
on the top. From this top view it is
possible to identify many of the parts
used in the receiver.

A bottom view of the wiring board
is shown in Fig. 11. Notice that there
are no wires. Instead, the connections
between the various parts are made
by copper strips that are attached
directly to the board. This type of
wiring is called printed wiring.

Many receivers are still manufac-
tured on a metal chassis with wire
used to make the various connections.
These receivers are generally a little
larger than sets made on printed
circuit boards, but nevertheless the
electrical circuits are very similar. A
photo of the top of the chassis of a
typical receiver made on a metal
chassis is shown in Fig. 12. Fig. 13
is a bottom view of the receiver
chassis showing the wiring. Notice
that in Fig. 13 there are many more
parts than in the bottom view shown
in Fig. 11. This is because many of
the parts mounted on the top of the
printed circuit board in the receiver
shown in Fig. 10 are mounted on the
bottom of the metal chassis in the

11

receiver shown in Figs. 12 and 13.

Many of the parts are mounted on
the top of the chassis look the same
in both receivers. The tubes used in
the two receivers are the same. Both
receivers are five-tube receivers, using
the same five tubes.

SUMMARY

In general, manufacturers do not
give detailed instructions on how to
remove a receiver from the cabinet.
However, this seldom presents any
difficulty to the serviceman because
he can almost always see how to re-
move the receiver after studying the
set for a few minutes.

The first step is to remove the
knobs from the front of the set. Two
types of knobs are found, the slip-on
type and the type held in place by :
set screw.

Once the knobs have been removed,
take off the back of the receiver
cabinet. This may be held in place
by set serews, by eclips, or by molded
grooves in the cabinet as it is in the
receiver we are studying in this lesson.

Once you have the back removed,
you can find the screws holding the
chassis in the cabinet.

The job of removing a piece of elec-



tronic equipment from its cabinet is
more of a mechanical job than an
electrical one. Usually it’s a simple
task, but sometimes you do run into
equipment that presents quite a prob-

lem. All technicians run into this
problem sooner or later and it can
only be solved by experimenting until
you discover how the equipment can
be removed.

Identifying Receiver Stages

The heart of each stage in a re-
ceiver 1s the vacuum tube or tran-
sistor used in that stage. It is the
tube or the transistor in which am-
plification or rectification occurs.
The parts in the stage are used in con-
junction with the tube. Thus, if you
can identify the various tubes or
transistors in a receiver you can very
quickly break the receiver into stages.

TUBE LAYOUT DIAGRAMS

Manufacturers of most modern re-
ceivers make it easy for the service-
man to identify the various tubes in
a receiver by printing a tube layout
diagram on the bottom of the set,
on the back of the loop, or sometimes
right on the chassis of the receiver.
This type of diagram shows the lay-
out of the various tubes and generally
gives the purpose of each tube in the
equipment. In the receiver that you
are studying in this lesson, a small
printed sheet, shown in Fig. 14, is
glued to the bottom of the cabinet.
On this sheet the position of each
tube in the receiver is shown along
with the purpose of that tube in the
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FIG. 14. Tube layout diagrams such as
this are found on most receivers.
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receiver. If you refer to Fig. 2 show-
ing the block diagram of a typical
modern superheterodyne receiver, you
will see that you can quickly draw a
block diagram of this receiver and
identify the tube used in each stage
of the set from this layout diagram.
Most receiver manufacturers print
diagrams of this type so that the set
owner can remove the tubes and take
them to the service shop to have them
tested and put them back in the cor-
rect socket in the receiver. However,
sometimes this diagram has been re-
moved or it may be unreadable. In
this case you can identify the various
stages in the receiver by referring to
a tube manual. A tube manual can be
purchased from any large radio parts
wholesaler for about a dollar.

USING A TUBE MANUAL

To use a tube manual to identify
the various stages of a receiver, write
down the numbers of the various
tubes in the set and then start look-
ing them up in the tube manual. For
example, one of the tubes used in the
receiver we are studying is a 12BE6.
If you look for the 12BE6 tube in a
tube manual you will find it listed in
the tube manual as a pentagrid con-
verter. The information on the tube
says that it is uéed as a converter in
ac-de receivers. The 12BA6 tube is
called a remote-cut-off pentode. It
is used as an rf amplifier in ac-de
receivers. The only rf amplifier in
this receiver is the i-f amplifier, so

you know that the 12BA6 must be
the i-f amplifier.

Another way of identifying the i-f
amplifier tube is by spotting the two
i-f transformers. Look at the diagram
shown in Fig. 14 or the top view of
the receiver shown in Fig. 10. Notice
the two square cans. These are the
1-f transformers. There is a tube be-
tween these two transformers. This
tube is the 12BA6 tube, and it is the
i-f amplifier. Sometimes this tube is
more in line with the transformers
than it is in this receiver, but in any
case it is usually not too difficult to
find.

Each stage in this receiver could
be quickly identified by looking up
the purpose of the tubes in a tube
manual, even without the information
given in Fig. 14. The tube type num-
ber is printed on the side of the tube.
This is enough to enable you to find
the tube in the tube manual.

Actually, once you start doing any
service work, you soon learn what
tube types are used in the various
stages of a receiver and so it's only
a very short time before you can
identify all the stages of a receiver
simply by taking a quick look at the
set. This is also true of TV sets and
most other pieces of electronic equip-
ment.

REMOVING TUBES

To remove a tube for testing or
replacement, pull it straight up while
wiggling it slightly from side to side.
Tube sockets are purposely made to
grip the tube pins tightly in order to
assure a good connection between the
tube pins and the socket. If the tube
fits too loosely into the socket an in-
termittent connection may result, and
this may result in noise in the re-
ceiver or complete failure of the
receiver intermittently. This simply
means that the receiver might play
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FIG. 15. Most tubes in modern elec-
tronic equipment have one of the three
bases shown above.
for a while, stop playing, and then
after a while when the set cools down,

start playing again.

TUBE BASES

The tubes in this receiver all have
what is called a miniature 7-pin base.
Looking at one of the tubes from the
bottom you will see that there are
7 pins. The pins are arranged in a
circle near the outside of the base.
They are spaced so that there actually
could be eight evenly positioned pins
mounted on the base of the tube; how-
ever, one is omitted. This pin is
omitted so that the tube can be put
in the socket in only one way.

The pins are identified by counting
from the space. Looking at the tube
from the bottom, the first pin in a
clockwise direction from the space is
pin 1, the next is pin 2, the next pin
3 and so on until the last pin you
reach, which will be the first pin going
in a counter-clockwise direction from
the space, is pin 7.

Some tubes that are slightly larger
than the tubes used in this receiver
have a 9-pin base. Again, the pins on
this tube are arranged so there could
be ten evenly spaced pins, but one is
omitted, and the various pins are
identified by counting from the space.

Still another tube base used on
many of the older tubes and on some
of the large tubes found in modern
receivers is the octal base. This base
has a total of eight pins and also there
is a center stem with a key-way in it



so that the tube can be put in the
socket in only one way. Some of the
pins may be omitted from this type
of tube where there is no need for
them. However, the standard octal
socket will have 8 holes in it so that
if the tube has all eight pins the tube
will fit into the socket. Pins on this
type of base are identified by count-
ing in a clockwise direction from the
key in the stem protruding from the
center of the tube base. Again, the
first pin clockwise from the key is
pin 1.

The bases of 7-pin, 9-pin, and octal
tubes are shown in Fig. 15.

There are other types of bases
found on some tubes, particularly
tubes in older receivers. However,
vou will study more about the tube
bases in a later lesson.

HEATER CONNECTIONS

Tubes in electronic equipment may
be arranged with the heaters con-
nected in series or in parallel. When
the tube heaters are connected in
series, the heater voltage required by
the tubes may be different, but each
tube must have the same current rat-
ing. If the tubes are connected in
parallel, the tubes must all have the
same heater voltage, but they may
have different current requirements.

In this receiver all the tubes have
the same heater current requirement.

35wW4 50C5 12BA6 I2BE6

12AT6

+

AC-DC

POWER LINE

FIG. 16. The series-connected heater

string used in the receiver you are
studying.
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FIG. 17. The NRI Professional filament
checker can be used to locate a tube with
an open heater in a series string.

The tubes that have 12 as the first
two identifying characters require a
heater voltage of 12.6 volts. The
35W4 requires a heater voltage of 35
volts, and the 50C5 a heater voltage
of 50 volts. The tubes are connected
in series as shown in Fig. 16.

Now here is a chance to test what
you have already learned about series
and parallel cricuits. The tubes in
any electronic equipment all get hot
when they are operated. Suppose you
were called upon to service this re-
ceiver and you discovered that when
the set was turned on none of the
tubes heated. What kind of a defect
would you look for?

A quick look at Fig. 16 shows that
vou have a series circuit and that in
order for any of the tubes to heat
there must be a complete circuit.
Therefore, the series circuit must be
open at some point. The trouble could
be in the line cord, the on-off switch,
or in the connections between the

heaters of the tubes, but the chances
are that the defect is actually in one
of the tubes itself. It is likely that
the heater of one of the tubes has
burned out, thus opening the series
circuit with the result that none of the
tubes are heating. You can check the
tubes individually in a tube tester,
or you can use an ohmmeter to check
the heater of egch tube in the receiver.
If the heater is all right, an ohmmeter
will indicate a fairly low resistance,
but if one of the tubes has an open
heater, the ohmmeter will give no
reading at all, in other words it will
act as if it were connected to nothing
at all. The tube with an open heater
should be replaced.

This is a common defect in” small
ac-de receivers of this type with the
tube heaters connected in series.
There are small testers available that
can be used for testing the continuity
of the heater of tubes connected in
series circuits of this type. A typical
tester is shown in Fig. 17. You simply
plug the tube into the correct socket
in the tester. If the tube is good, a
small light in the bottom of the tester
lights. If the bulb fails to light, the
tube has an open heater and should
be replaced.

TRANSISTOR STAGES

The heart of the transistorized re-
ceiver is, of course, the transistor.
Two typical transistors are shown in

FIG. 18. Two types of transistors com-
pared to a miniature 7-pin tube.
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FIG. 19. Schematic symbols for N-P-N
and P-N-P transistors.
Fig. 18. They have been photo-

graphed beside a 7-pin miniature tube
so that you can get an idea of the
size of the transistor. Notice that
they are both much smaller than the
vacuum tube even though this is a
small tube. Many tubes are much
larger than the one shown.

These transistors plug into small
sockets having three holes to receive
the three leads from the transistor.
In some receivers, the transistors are
soldered permanently into the circuit;
some manufacturers feel they can do
this because transistors last such a
long time that they will probably last
as long as the receiver itself so there
is no need to make provisions for re-
placing them.

The schematic symbols for two dif-
ferent types of transistors are shown
in Fig. 19. The element marked b
is the base, the one marked ¢ is the
collector, and the one marked e is the
emitter. You should try to remember
the schematic symbols for transistors
because you will see them over and
over again in your carecer as an elec-
tronies technician.

There are many different types of
transistors in use. Transistors, like
vacuum tubes, are designed for spe-
cific applications. In the transistor-
1zed receiver that we will study in
this section of the lesson there are a
total of seven transistors. There are
three different types of transistors
used. There is one type 235, which
is used as the converter. This tran-
sistor performs the dual function of
mixer and oscillator. Two type 234



transistors are used as i-f amplifiers.
Since the gain of a single transistor
i-f stage is not as high as that of
a single vacuum-tube stage, two i-f
stages are used in the transistor re-
ceiver. The audio stages use type
2N109 transistors. The second de-
tector uses a type 1N295 diode. This
diode which is not a transistor is some-
what similar in operation to the
crystals used in the early crystal re-
ceivers.

SUMMARY

From the preceding you can see that
it is comparatively easy to draw a
block diagram of a receiver and iden-
tify the various stages. At this early
point in your course, this may look
more difficult to you than it actually
is, because the arrangement of the
stages in a superheterodyne and even
the names of the stages are new to
you. However, you will see that these
names soon become familiar. You
will soon know the stages such as the
i-f stage in a receiver so well, that
the name of the stage will immedi-
ately suggest the circuit used.

You will find a tube layout diagram
on most receivers. This diagram will
not only give you the location of the
various tubes in the set, but in addi-
tion in most cases will tell you the
purpose of each stage. When the
stages are not identified, you can
easily identify them by looking up the
tubes used in the receiver in a tube
manual. The tube manual gives you
enough information about the pur-
pose for which the tube was designed
to enable you to identify its purpose
in the receiver and from this informa-
tion draw a block diagram of the
receiver.

Block diagrams of more complex
pieces of electronic equipment such as
TV receivers and equipment designed
for industrial application can be
drawn in much the same way. They
are more complex than radio block
diagrams, but by the time you have
studied the various circuits used in
equipment of this type and learned
the general principles of operation,
you will find block diagrams of com-
plex equipment can be drawn almost
as easily as radio block diagrams.

Identifying Parts

Now that we have the chassis out
of the receiver and identified the
various stages, let us see what the
various parts look like. It is impor-
tant for you to learn how to identify
these parts because many of them are
similar to the parts found in all types
of electronic equipment.

In a receiver constructed on a
printed-circuit board, practically all
the parts are mounted above the
board. In a receiver made on a metal
chassis using conventional wiring,
many of the parts are mounted be-
neath the chassis as you saw in Fig.

FIG. 20. The loudspeaker in the receiver
you are studying is a PM speaker. It is
mounted inside the cabinet.
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FIG. 21. Schematic symbols for capaci-

tors. A is a fixed ecapacitor; B shows

variable capacitors, and C shows a two-
gang capacitor.

13. However, the parts in general
look the same in both types of re-
ceivers, so you should have no diffi-
culty identifying any components
either in receivers using printed wir-
ing or in receivers wired with conven-
tional wire. Let’s take our printed
circuit receiver as an example and
identify the various parts in it.

THE LOUDSPEAKER

The loudspeaker in our typical re-
ceiver is mounted on the front of the
cabinet. It is held in place by two
spring clips, which can be removed by
working a screwdriver under the cen-
ter of the clips and prying first one
side and then the other until the elip
comes off. It’s best not to remove a
speaker held in place by this type of
clip unless it is necessary because it
is difficult to get the speaker out, and
in addition after the speaker has been
removed several times, the clips may
not hold it in place securely.

The loudspeaker is shown in Fig.
20. Mounted on the top of the loud-
speaker is the output transformer.
This is not part of the speaker, but
it 1s used to couple the speaker to
the 50C5 output tube.

The speaker is a permanent magnet
dynamic speaker. This type of
speaker is wusually called a pm
speaker. The speaker consists of a
permanent magnet of alnico which, as
vou know, is an alloy of aluminum,
nickel, and cobalt.
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The speaker voice coil, which is
attached directly to the cone, is
wound on a light-weight aluminum
form. The turns of wire making up
the voice coils are insulated from the
form.

CAPACITORS

Another one of the basie parts
found in most pieces of electronic
cquipment is the capacitor or conden-
ser. In its simplest form it is nothing
other than two metal plates with a
space between them. A capacitor will
block the flow of direct current but
will pass alternating current. You
will study them in detail in a later
lesson. The electrical size of a ca-
pacitor is called its capacity. This
may be a fixed value or it may be
variable. The schematic symbols for
fixed and variable ecapacitors are
shown in Fig. 21A and B.

Capacitors in combination with
coils are used for tuning. Let us look
at the various capacitors in our set,
now. Fig. 22 shows the top of the
chassis.

The Tuning Capacitor. The tun-
ing capacitor, or condenser as it is
frequently called, is shown in Fig. 22.
This capacitor is actually a gang ca-
pacitor consisting of two separate ca-
pacitors ganged or mechanically cou-
pled together. As you rotate the dial
the two capacitors are changed simul-
taneously. The symbol used to show
a ganged capacitor with two sections
is shown in Fig. 21C. The dotted
line indicates that the two variable
capacitors are mechanically coupled
together.

A variable capacitor actually con-
sists of two separate sets of plates that
mesh together without touching. The
plates in one set are stationary and
they are called the stator plates. The
other set of plates turn as the tuning
dial turns. These plates are called
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FIG. 22. Parts on top of

the rotor plates. The capacity of the
capacitor or condenser is changed by
changing the dial on the receiver.
When the plates are completely
meshed, the capacitor has maximum
capacity and when the plates are open
the capacity is at a minimum. Mini-
mum capacity is used when you are
tuned to the high end of the broadcast
band, and maximum capacity is used
when you are tuned to the low end
of the band.

Notice that the two capacitors are
not the same size. The smaller of
the two is used in the oscillator cir-
- cuit, the larger in the mixer circuit.
You learned earlier in this lesson that
the mixer and the local oscillator are
tuned simultaneously so that the dif-
ference between their frequencies is
kept constant. This is done by these
two ganged capacitors. The signal
generated by the local oscillator is
higher in frequency than the incom-
ing signal, and at higher frequencies
it takes a smaller change in capacity
to cover a given frequency range.

Therefore, a smaller capacitor is

the printed circuit board.

needed to tune the oscillator than to
tune the mixer. By making the two
capacitors exactly the right size, the
correct, frequency difference between
the mixer and the oscillator can be
maintained across the entire broad-
cast band. When the oscillator and
mixer maintain this correct {requency
relationship, we say that they “track”
properly.

The two-gang capacitor used in this
receiver connects directly to the
tuning dial. If you rotate the dial
one-quarter of a turn the capacitor
turns one-quarter of a turn. However,
some receivers use a dial-drive mech-
anism to operate the tuning capacitor.
With these systems a reduction gear
arrangement is used so that you have
to turn the tuning dial several times
in order to tune from one end of the
broadcast band to the other end.
This makes it a little easier to tune
the receiver, but many manufacturers
are using simpler arrangements such
as in our sample receiver in order to
reduce the cost of manufacturing the
set.
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Trimmer Capacitors. Mounted on
top of each section of the gang tuning
capacitor is a small capacitor called
a trimmer capacitor. The trimmer
capacitors are used to adjust the two
circuits to the correct frequency. The
oscillator trimmer is usually adjusted
first to make the dial read correctly,
and then the mixer trimmer is ad-
justed for maximum output.

A trimmer capacitor consists of two
sets of plates separated by mica
sheets. The plates are made of some
spring material and compressed by
means of an adjusting serew. As the
serew 1s loosened the spring in the
metal forces the plates apart and this
reduces the capacity or size of the
trimmer condenser. As the screw is
tightened, the plates are pushed closer
together, which adds more capacity
to the ecircuit. Therefore, when
setting the oscillator trimmer, if the
station comes in too high on the dial,
yvou should turn the dial to the proper
setting and then loosen the oscillator
trimmer until the station comes in.
If the station comes in too low on
the dial, turn the dial to the proper
setting, and then tighten the oscillator
trimmer until the station comes in.
Once you have the oscillator trimmer
set you simply adjust the mixer
trimmer for maximum output.

Fixed Capacitors. In addition to
the variable capacitors there are a
number of fixed capacitors in the set.
The large capacitor in the lower right
corner is called the filter capacitor.
You already know that a pulsating de
is obtained from a rectifier; this type
of de cannot be used to operate the
receiver. This capacitor is used in the
power supply to help change the pul-
sating dec obtained from the rectifier
into smooth de.

COILS AND TRANSFORMERS

Now let’s identify the coils and
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transformers found in this receiver.
In physical appearance the various
types of coils are quite different.

Output Transformer. As you al-
ready know, the small transformer
mounted on the speaker shown in
Fig. 20 is the output transformer.
This transformer consists of two
windings wound on a common iron
core. One winding has a large num-
ber of turns; this is called the primary
winding because the sound or audio
signal is fed into this winding. The
second winding has only a few turns
and it is called the secondary winding
because the output signal is taken
from it.

The purpose of the output trans-
former is to feed the sound signal
from the output tube to the loud-
speaker. Later, you will see that it is
impractical to connect the speaker
directly to the plate of the output
tube because there would be very
little energy transferred directly from
the tube to the speaker.

I-F Transformers. The i-f trans-
formers, which are mounted on the
top of the chassis, are the two square
cans identified in Fig. 22. Each of
these cans has a hole in the center
of the top. The one nearest the tuning
capacitor is called the input i-f trans-
former because it is used in the input
to the i-f circuit between the mixer
and the i-f stage. The other trans-
former is called the output i-f trans-
former because it is used between
the i-f tube and the second detector.
Some receivers have two i-f stages, in
that case there are three i-f trans-
formers. Again, the one between the
mixer and the first i-f tube is the
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FIG. 23. E g

Schematic symbols for two
different types of i-f transformers.




FIG. 24. The loop antenna is mounted
on the inside of the back of the receiver
as shown here.

input, the one between the second i-f
and the second detector is the output.
The i-f transformer used between two
i-f stages is called an interstage
transformer.

The schematic symbols of two i-f
transformers are shown in Fig. 23.
Each transformer consists of two coils
that are placed close together so that
cnergy from one coil is transferred
to the other. The winding into which
the signal is fed is called the “primary
winding” and the winding out of
which the signal is taken is called the
“secondary winding.” The i-f fre-
quency used in modern receivers is
about 455 ke. The primary of the
i-f transformer is tuned to 455 kec.
Similarly, the secondary is also tuned
to 455 ke. There are two ways of
doing this.

The i-f transformer shown in Fig.
23A consists of two fixed coils with
small trimmer ecapacitors connected
across them. The frequency is varied
by changing the capacity of the
trimmers. The i-f transformer shown
in Fig. 23B has fixed capacities across
ach winding, but the coils are vari-
able. Each coil has a small powdered
iron slug that can be serewed in and
out. The i-f transformers used in our
sample receiver are of this type.
You can see the holes through which
one slug can be reached on the top

of each transformer. There is also a
hole at the bottom of each trans-
former through which the other slug
can be adjusted.

The Oscillator Coil. The oscillator
coil is also shown in Fig. 22. This
coil 1s a small two-winding coil. One
winding is connected between the
cathode of the 12BE6 converter tube
and B-. The other winding is used
in conjunction with the oscillator
tuning capacitor and is connected in
the grid circuit of the 12BE6 tube.

Antenna. The loop antenna in our
receiver is shown in Fig. 24. It con-
sists of nothing more than a coil
wound on the back of the receiver.
This coil and the mixer tuning
capacitor form a circuit that can be
tuned across the broadecast band to
pick up signals from local broadcast
stations. Because it is wound in the
form of a loop, it is usually called a
loop antenna.

This type of antenna picks up a
signal much better in one direction
than it does in the other. When the
signal comes from direction A or B
in Fig. 25, there will be maximum
signal pick-up, but when the antenna
is rotated 90° and the signal comes
from C or D so that the loop is at
right angles to the direction in which
the signal is traveling, the pickup by
the loop will be at a minimum.

FIG. 25. Maximum signal is picked up

by the loop when the signal comes from

direction A or B; minimum signal is
picked up from C or D.
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FIG. 26. The couplate shown above

actually replaces 5 capacitors and 3 re-

sistors. This part enables the manufac-

turer to make a substantial saving, not

only in the cost of the parts, but also in
the labor of assembling the set.

RESISTORS

In addition to the components we
have already discussed, there are a
number of resistors used in this
receiver.

Volume Control. One of the re-
sistors that is the easiest to identify,
is the volume control. This is actually
a special type of resistor called a
potentiometer. There are three ter-
minals or connections to the potenti-
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ometer; the resistance between the
two outside terminals is constant,
but the resistance between the center
terminal and either of the outside
terminals varies as you rotate the
volume control knob on the receiver.
The potentiometer can be seen in
Fig. 22.

Also notice on the back of the con-
trol there are two connections. These
are the connections to the on-off
switch. The on-off switch is set up so
that when the control is turned all
the way in a counter-clockwise direc-
tion the switch is in the off position.
When the control is turned clockwise,
the switeh is turned on and remains
on through the rest of the rotation of
the volume control.

Some of the other small fixed re-
sistors are also shown in Fig. 22.

COUPLATES

Another interesting part is the
couplate shown in Fig. 22. A drawing

FIG. 27. The RCA 7-BT-10K transistor receiver.
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of this part is also shown in Fig. 26A.
The couplate is actually a number of
parts rather than a single component.
The schematic of the couplate is
shown in Fig. 26B. Notice that this
unit contains 5 capacitors and three
resistors. This unit is made by a
special manufacturing process and the
one part can be used to replace eight
separate components.

PARTS IN THE TRANSISTOR
RECEIVER

A photograph of the transistor re-
ceiver is shown in Fig. 27. From what
you have learned in this lesson and
the block diagram you can probably
identify many of the parts and also
a number of the transistor stages that
appear in the photograph. Here is a
good chance to test yourself—try to
identify as many of the stages and
parts as you can before reading
further in the lesson.

Notice on the left of the receiver
near the bottom is the two-gang tun-
ing capacitor. Again, one gang tunes
the mixer and the other the oscillator.
Immediately above the capacitor is
the transistor used as the converter.

The i-f transformers and the i-f
transistors are easy to identify. The
three transformers are the square
cans. The can nearest the converter
is the input i1-f transformer and the
next one is the interstage i-f trans-
former. The transistor between these
two transformers is the first i-f stage.
The next transistor is the second i-f
amplifier and the output i-f trans-
former is to the right of it.

The second detector is mounted be-
neath the chassis where it cannot be
seen in this view, but to the left of
the output i-f transformer is the firs
af stage. Slightly below the i-f trans-

former is a single transistor; this is
the driver. The driver is simply an
audio amplifier that drives or feeds
a signal to the output stage, which
in turn drives the speaker. The two
transistors beneath the transistor
used as a driver are the output tran-
sistors. These two transistors drive
the loudspeaker in what is called a
“push-pull” stage. This type of am-
plifier has been used in radio receivers
using vacuum tubes.

The output transformer in this re-
ceiver is mounted on the chassis in-
stead of on the speaker. You can see
it in the lower right of the photo-
graph. The leads from this trans-
former go over to the speaker, the
back of the speaker magnet can be
seen in the center of the photograph.

On the top of the receiver you'll
notice a long coil. This is called a
“loop stick,” and its purpose is the
same as that of the loop antenna such
as we found in the receiver we dis-
cussed previously.

The rest of the parts are mounted
underneath the chassis where they
cannot be seen in this picture. How-
ever, as you can see, the parts are
very much like those used in a
vacuum tube set.

SUMMARY

In this section you have learned to
identify the parts in a radio receiver,
and you have seen that they are
essentially the same in different kinds
of sets. In the next section we will
see what kinds of defects you arc
likely to find in each of these parts.
Learning the various ways in which
a part can fail is the first step in
learning  to apply effect-to-cause
reasoning.
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Defects in Parts

Let us take up each of the parts
we have just identified, and see what
can go wrong with them.

LOUDSPEAKERS

You already know how a loud-
speaker works, but now let us con-
sider a few of the defects that you
might encounter in the speaker.

Damaged Cone. The cone on a
loudspeaker is made of a stiff paper.
Sometimes the cone will crack because
of aging and heat from the receiver.
When this happens, the sound is dis-
torted and may sound somewhat
tinny. Also the speaker cone can be
damaged by punching a hole in it.
This often happens in homes where
there are children because they may
poke things through the front of the
receiver cabinet and through the
paper cone.

Speakers used in small table model
receivers are inexpensive and once the
cone is damaged the simplest thing
to do is to replace the entire speaker.
However, in the case of larger
speakers used in console radios, some-
times servicemen have them re-coned.
Some radio wholesalers operate a re-
coning business themselves or act as
an agent for firms that do speaker
re-coning. If this service is available
in your locality, it is frequently less

OUTPUT
TUBE
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VOICE
TRANSFORMER | coIL
\ 2
PRIMARY
SECONDARY
B+
FIG. 28. Schematic showing how the

speaker voice coil is connected to the
output transformer,
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expensive than it is to replace the
speaker. However, re-coning a
speaker is not a job for the service-
man to attempt himself because it is
time-consuming, it requires consider-
able experience, and the equipment
needed to do this type of work is not
readily available.

Open Voice Coil. The voice coil
of a pm speaker usually consists of
somewhere between 10 and 25 turns
of wire wound on the voice coil form.
A small sized wire is usually used to
keep the weight of the voice coil, the
coil form, and the cone as light as
possible. Because the wire is fine, the
coil may open. This may be due to
some type of impurity that was on
the voice-coil wire, and the moisture
in the atmosphere will set up a chemi-
cal reaction which will gradually eat
through the wire until eventually it
breaks.

When the voice coil in a receiver
is open, there will be absolutely no
sound coming from the loudspeaker.
Usually in a dead receiver, you can
hear some hum or some type of noise
coming from the speaker. If the tubes
in a receiver all light, but the set is
absolutely dead and there is no sound
whatsoever coming from the speaker,
it is a good idea to suspect the possi-
bility of a defective voice coil.

The speaker voice coil is connected
to the secondary of the output trans-
former as shown in Fig. 28. When the
speaker voice coil opens and you try
to check it with an ohmmeter simply
by connecting the ohmmeter to the
terminals marked 1 and 2, you will
get a complete circuit if both the
secondary of the output transformer
and the speaker voice coil are good,
but you will also get a complete cir-
cuit if either the output transformer



FIG. 29. You can detect an off-center

voice coil by gently pushing the cone in

and out. If the voice coil is off center,

you will be able to feel and hear it
scraping.

or the speaker voice coil is open. If
the voice coil is open, you will get a
reading through the transformer and
if the transformer is open you will get
a reading through the voice coil. It
is impossible to tell from the reading
whether both are good or one is de-
fective. Therefore, to check the
speaker voice coil you must discon-
nect one of the leads from the second-
ary of the output transformer. Then,
you can connect the two leads from
your ohmmeter directly to the speaker
voice coil leads. You should get a
reading of only a few ohms. This
indicates that the speaker voice coil
is good. While you have the lead
disconnected, you should check the
secondary of the output transformer
by connecting your ohmmeter lead to
its two leads. Again, if the secondary
winding is good, you will get a low-
resistance reading.

Off-Center Voice Coil. Sometimes
the heat produced in the receiver will
cause the speaker to warp, moving
the voice coil slightly out of position.
The voice coil fits into a small groove
between the magnet and a round piece
in the center of the voice coil, called
the center pole. There is usually very
little clearance around the voice coil
so that if it changes position only
slightly, the voice coil will rub on
the speaker magnet. When this hap-
pens you will notice distortion, par-
ticularly on low-frequency notes. If
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you notice this type of distortion,
you can check the speaker voice coil
by laying the speaker flat as shown
in Fig. 29 and gently pushing the
voice coil in and out. If the voice coil
is off center, you will be able to feel
it scraping and you will also hear a
scraping sound as you push the coil
gently in and out. On the other hand,
if the voice coil is on-center it will
move in and out freely.

Replacing a Loudspeaker. When
it is necessary to replace a loud-
speaker, the speaker should be the
same size as the original. Usually, if
you try to put in a different size
speaker you may have trouble mount-
ing it in the set.

Speaker Sizes. The size of a
speaker is the diameter of the speaker
cone. In other words, a 5-inch
speaker is a speaker having a cone
with a diameter of 5 inches as shown
in Fig. 30.

FIG. 30. A 5-inch round speaker, and a
4-inch by 6-inch oval speaker.

FIG. 31. An i-f transformer with the can
removed.

Most table model ac-de receivers
use H-inch, round speakers. A few
have 4-inch speakers, and a few have
speakers larger than five inches. You
will also find some receivers with
oval speakers. These speaker sizes
are given by measuring the maximum
and minimum diameters of the ellipse
formed by the speaker cone. A 4 by
6 oval speaker is shown in Fig. 30.
This means that the dimension of the
oval is four inches in one direction and
six inches in the other.

Large console receivers often use
much larger speakers. 12-inch and
15-inch speakers are used in some of
the better console receivers and high-
fidelity systems.

The job of replacing a loudspeaker
in a modern ac-dc receiver is more
a mechanical job than it is an elec-
trical job. There are only two con-
nections to be made, that of connecting
the secondary of the output trans-
former to the speaker voice coil.
This part of the job is easy enough,
but sometimes you run into difficulty
mounting the new speaker. Exact
duplicate replacements are frequently
not available if the receiver is two
or three years old and you have to
use a standard replacement speaker
purchased from a radio parts whole-
saler. There may be some differences
between the replacement speaker and
the original. If the receiver cabinet
is made of wood, or if the speaker is
mounted on the receiver chassis, this

does not present any difficulty, but
if the cabinet is plastic, and the
speaker is mounted on it you some-
times run into difficulty getting the
speaker mounted in place. There is
no set rule or procedure to follow, the
technician has to improvise and take
whatever steps may be necessary to
mount the speaker in place.

COILS AND TRANSFORMERS

The most common defect in a coil
is an open winding, but there may
also be shorts between windings.

Output Transformer. The pri-
mary winding of the output trans-
former has the current from the plate
of the tube going through it. The
primary opens more frequently than
the secondary, because of the fact
that it has the plate current going
through it and because it is usually
wound with finer wire. The primary
of the output transformer can be
checked with an ohmmeter. Simply
turn the receiver off and connect your
ohmmeter test leads between the two
leads from the primary winding. The
exact resistance reading that you
should obtain will depend upon the
transformer, but it is usually some-
where in the vicinity of a few hundred
ohms. If you obtain no reading at
all, in other words, if your ohmmeter
indicates that the circuit is open, the
primary winding on the output trans-
former is open. On the other hand,
if you obtain a zero or practically
zero resistance reading, it indicates
that the primary winding of the out-
put transformer is shorted. In either
case the output transformer must be
replaced.

You already know to to check the
secondary of the output transformer.
Remember, however, that it must be
disconnected from the speaker voice
coil, otherwise you would get a read-
ing even if it were open.
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I-F Transformer. The inside of an
i-f transformer looks like Fig. 31.
Notice that there are two coils wound
of small size wire. Again, due to im-
purities that may be on the wire, the
moisture in the atmosphere may set
up a chemical action and eat through
the wire. When this happens, the
winding will open and the receiver
will not operate.

Because the primary winding has
not only the signal current flowing
through it, but also the plate current
of a tube flowing through it, it is
much more likely to open than the
secondary winding. Open windings
can be checked with an ohmmeter.
Usually the resistance of an i-f trans-
former is somewhere between 5 ohms
and about 25 ohms. If you obtain a
zero reading across an i-f trans-
former, it indicates that the winding
is shorted either due to the leads to
the transformer shorting or due to a
shorted capacitor. If you obtain a
very high resistance reading or no
reading at all, the winding is open.
In either case, the usual procedure is
to simply replace the i-f transformer.

Oscillator Coils. Oscillator coils
are wound of a small size wire and as
a result they will frequently open. If
either winding on the oscillator coil
opens, the oscillator will not work
and the receiver usually will not pick
up any signals. However, occasionally
when the oscillator fails to operate
vou will be able to pick up a station
operating near the low-frequency end
of the broadcast band. If you can
pick up such a station and you find
that you pick it up over the entire
band or a good portion of the band.
it is a good sign that the oscillator
in the receiver is not working.

In addition to open windings on the
oscillator coil, sometimes an osecilla-
tor coil fails and there is no apparent
defeet. This is due to the fact that
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the coil may absorb moisture and this
in turn results in what is called a
low Q. The Q of a coil is simply a
figure that tells you whether or not
the coil is any good. If the coil has
a high Q it is a good coil, but if it
has a low Q it usually will not work
in an oscillator circuit. Thus when
the oscillator in a receiver fails to
operate and all the parts in the
oscillator circuit appear to be good,
it is usually worth while to try a new
oscillator coil in the set.

Loops. An open loop is usually
quite easy to spot because it causes
considerable hum when the receiver
is tuned to a local station. When you
find this type of defect, you should
consider the possibility of a defective
loop. This is not the only defect that
can cause this trouble, but it is cer-
tainly one of the more common. An
open in the loop circuit might be in
the wires of the loop themselves, but
usually it is in one of the leads con-
necting the loop to the receiver. The
loop ecan be checked for continuity
with an ohmmeter.

CAPACITORS

Tuning Capacitors. Tuning capa-
citors used in modern superhetero-
dyne receivers are almost trouble-
free. However, sometimes the rotor
plates accidentally touch the stator
plates. If this happens, the receiver
will not operate. Usually when the
rotor plates short to the stator plates,
the trouble is noticeable over only
part of the band. Therefore, as vou
tune across the broadeast band, you’ll
notice that the receiver plays over
part of the band, but suddenly you
hear a noise or scraping sound and
then the receiver is dead. This is
usually an indication that the plates
of the tuning capacitor are shorting.
On examining the plates you can
usually find where they are touching,

and then by carefully bending them
with a knife or a screwdriver you
can eliminate the short, and the re-
ceiver will operate again.

Trimmer Capacitors. Trimmer
capacitors seldom cause trouble, al-
though sometimes the plates short to-
gether or the adjusting secrew may
short to the stator plates. When this
happens, the receiver will not
operate. If you find that the receiver
operates when the adjusting screw is
loosened, but goes completely dead
when the serew is tightened, it is
usually an indication that the trim-
mer capacitor plates are shorting
together or that the stator is shorting
to the adjusting screw.

Filter Capacitors. Sometimes the
filter capacitor will short. When this
happens, the rectifier tube, which in
this receiver is the 35W4, will soon
burn out. Filter capacitors may also
open or lose capacity. When this
happens there will be a noticeable
hum in the receiver, and frequently
the set will fail to operate or will
operate poorly because of the fact that
the operating voltages throughout the
receiver are somewhat lower than
they should be.

A defective filter capacitor is
probably the most common defect,
other than tube failure, in an ac-de
receiver. The filter capacitor usually
fails in about 2 or 3 years of normal
operation because the heat that
occurs in this type of part causes
gradual deterioration.

RESISTORS

Volume Controls. Sometimes the
switch on the volume control fails to
work. Sometimes it cannot be turned
on; sometimes it cannot be turned off.
If the receiver fails to go off when
you turn the switch to the off position,
the trouble is usually due to a defec-
tive on-off switch. If the set does
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not go on, the on-off switch can be
checked by unplugging the receiver
from the power line and turning the
switch to the on position and then
checking directly across the switch
with the ohmmeter. You should ob-
tain a resistance reading of practi-
cally zero ohms.

The volume control part of the
potentiometer frequently  becomes
noisy so that if you change the
volume control setting there will be
considerable noise in the receiver.
Occasionally you will find that at cer-
tain settings of the volume control
the receiver cuts off and on. This is
usually due to dirt inside the control.
Sometimes the control can be cleaned
by squirting a cleaning fluid inside
of the control, but usually it is
simpler and better to replace the
control.

Fixed Resistors. Several small
fixed resistors are used in the re-
ceiver. When a resistor is overloaded,
it usually changes color. Sometimes
the resistor will actually break in
two. It is usually not too difficult to
spot a resistor that has been over-
loaded. If the resistor has recently
been overloaded, you can generally
detect a rather strong unpleasant
odor coming from the set.

COUPLATES

Couplates seldom burn out, but
when they do, you can sometimes
overcome this difficulty simply by
connecting a good part across the de-
fective section. For example, if the
.006-mfd capacitor connected between
terminals 1 and 2 of the couplate
shown in Fig. 26B were to open, you
could restore operation of the receiver
simply by obtaining a separate .006-
mfd capacitor and connecting it
directly between terminals 1 and 2
of the couplate. However, if the
capacitor in the couplate shorted,



FIG. 32. A break in a copper lead on a

printed circuit board can be repaired by

carefully soldering a piece of wire across
the open circuit.

then you would have to cut the leads
from terminals 1 and 2 of the couplate
loose and then connect a capacitor
into the circuit. You will learn more
about how to handle this type of re-
pair later. Actually this presents
little or no problem to an experi-
enced technician.

PRINTED WIRING

It is unlikely that anything will
happen to the printed wiring as long
as the receiver continues to operate.
However, sometimes in the process of
replacing a defective part you may
damage the printed wiring. This can
be repaired by carefully soldering a
piece of wire across the break. An
example of a printed wiring board
that has been repaired is shown in
Fig. 32. Notice here that a piece of
wire has been soldered onto the board.
Originally, the printed wiring joined
the two points together, but the
printed wiring has been damaged and
then repaired simply by soldering a
short piece of wire across the break
in the copper strip.

A great deal of trouble with printed
boards can be avoided by using a
small soldering iron whenever it is
necessary to remove or replace any
parts in a receiver using this type of
wiring. Small pencil-type irons hav-
ing a wattage rating of about 25 watts
are useful when working on this type
of circuit. These irons can be pur-
chased from any radio-TV parts

supplier. Avoid using large soldering
irons sold by hardware stores for
radio work. They are too large and
often get so hot that you may damage
the equipment by using one.

LOOKING AHEAD

In this lesson you have been intro-
duced to a large number of the parts
found in a typical radio receiver.
You’ve also been introduced to effect-
to-cause reasoning, which is a system-
atic procedure used to isolate defects
in electronic equipment first to one
section, then to one stage, then to one
circuit, and finally to the defective
part. By this time you can probably
see how important it is to understand
how the various parts in a radio re-
ceiver operate; you must know what
each part is supposed to do and once
you’'ve learned how the part is sup-
posed to work you can learn what to
expect when one breaks down.

You can probably see the impor-
tance of developing a systematic serv-
icing technique so that defects can be
quickly isolated in a systematic man-
ner to the defective part. Trying to
service a piece of electronic equip-
ment simply by checking one part
after another may be successful when
you are working on a simple piece of
equipment, but it’s an almost hopeless
task on complex equipment.

In the following lessons you’ll be-
gin to study the individual parts used
in electronic equipment. You’ll study
these parts in detail and learn how
they are used together to make up
complete circuits. The lessons you are
about to begin are perhaps the most
important lessons in your entire
course. Make sure that you under-
stand these lessons before leaving
them and going on to more advanced
lessons.
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Lesson Questions

Be sure to number your Answer Sheet 4B.
Place your Student Number on every Answer Sheet.

Most students want to know their grade as soon as possible, so they

mail their set of answers immediately. Others, knowing they will finish
the next lesson within a few days, send in two sets of answers at a time.
Either practice is acceptable to us. However, don’t hold your answers too
long; you may lose them. Don’t hold answers to send in more than two
sets at a time or you may run out of lessons before new ones can reach you.

1.

10.

What is the big advantage of the superheterodyne receiver compared to
the trf receiver?

. Draw a block diagram of a modern 5-tube ac-de superheterodyne receiver.
. Draw the schematic symbol of a dual diode-triode tube.

. Give two advantages of a transistor over a vacuum tube for use in a

portable receiver.

Which one of the following three tubes would you expect to find between
the two i-f transformers: the output tube; the mizer tube; the i-f tube?

. Draw the schematic symbol of an i-f transformer.

. If in servicing a receiver you notice distortion, particularly on low-

frequency notes, what type of defect would you suspect?

If you are going to check the secondary of an output transformer with
an ohmmeter because you suspect that the secondary is open, what must
you do before you make the check?

. If you are servicing a receiver that operates over part of the broadcast

band, but as you tune toward the low end of the broadcast band you
suddenly hear a scraping sound and the set goes dead, what part would
you suspect is defective?

If the 35W4 tube burns out almost as soon as an ac-de receiver is turned
on, what part may be defective and causing the trouble?
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THE VALUE OF COURTESY

A recent survey showed that people complain more
about discourteous clerks than about any other fault
a business could have. In fact, many people pay
extra at higher-priced stores just to get the courtesy
and respect they feel entitled to.

Regardless of whether you work for someone else
or have a radio business of your own, plain ordinary
courtesy can bring many extra dollars to you.

Courtesy becomes a habit if practiced long enough.
Be courteous to everyone—to members of your
family, to those who don’t buy from you, even to
the very lowest persons who serve you—then you
can be sure you’ll be courteous when it really counts.

Give your courtesy with a smile. There is an old
Chinese proverb which says, “A man who doesn’t
smile shouldn’t keep a shop.” And you’re keeping
a “shop” even if you are selling only your ability
and knowledge to an employer. A friendly smile is
itself courtesy of the highest type, bringing you un-
expected returns in actual money as well as friend-
ship.
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