

















































































































































































































Isolation should be limited to a section—audio, IF, converter—
instead of to a single stage. If the troubleshooter does isolate
the trouble to a specific stage by using all of the test points,
he should still remember that the trouble may actually be in
an adjacent stage.

Another rapid and convenient method of click testing, in
radios using transistor sockets instead of directly soldering the
leads into the circuit, is to pull the transistors and plug them
back in again while listening for a click. This is shown in
Fig. 3-20.

In radios containing two IF stages, the following transistors
will usually produce a click—the 1st audio (or driver), 1st IF,
and converter. The audio-driver click checks the audio stages;
the 1st IF transistor, the IF stages; and the converter transis-
tor, the converter stage (for noise only). The oscillator should
still be checked by one of the previous methods, such as listen-
ing on a nearby receiver or monitoring the bias while tuning
across the band.

Isolation by Signal Tracer

We have been talking about injecting a signal with a genera-
tor, or by using the click test, and listening for it in the speaker.
The test signal is amplified by one or more transistor stages in
the audio system before it reaches the speaker. That is why it
was important to check this system first.

Another type of test, called signal tracing, does not rely on
the audio system. It has its own audio amplifier and speaker,
which are used to check the radio at various points. The signal
tracer does not generate its own signal, but monitors whatever
is coming in on the radio being tested. This creates one of
the major differences between using a signal tracer and a signal
generator. When a tracer is used, the radio should be tuned to
a station frequency. This is not necessary when the signals are
injected.

Fig. 3-21 illustrates both instruments in use. The signal gen-
erator (Fig. 3-21A) is injecting a signal at the input of the 2nd
IF stage. The arrows show the path of the signal as it passes
through the 2nd IF, detector, audio-driver, and audio-output
stages. The signal tracer (Fig. 3-21B), however, is monitoring
a station to which the radio is tuned. The station signal enters
the radio antenna and goes through the converter and IF
stages. It is then picked up through the signal-tracer probe,
which usually contains a detector diode to detect the audio.
The signal goes into the tracer, which is a high-powered audio
amplifier. Here, it is amplified sufficiently to be heard in the
speaker of the tracer.
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One thing now becomes evident: The audio system of the
radio being checked could be dead, and a station still be heard
from the signal tracer in Fig. 3-21B. However, if the converter
or one of the IF stages were dead, nothing would be heard. In
other words, because the tracer has its own audio system, it
can be used near the front-end of the radio first. It is then
moved back toward the speaker, while we will listen for a point
where the signal stops coming through, indicating a defect
there. The station signal should become louder as the tracer
is moved toward the output, since more stages of amplification
are being added.

Test Points for Signal Tracers

Most signal tracers, unless designed for transistor radios, do
not work when used too far forward in the radio. That is, if
the tracer probe is placed on the antenna coil or converter
stage, probably nothing will be heard. The first chance to pick
up the signal should be at the collector of the 1st IF transistor,
and even here it may be quite weak. However, from the 2nd
IF collector to the speaker, a good signal can usually be heard.

One reason most signal tracers cannot be used too near the
front-end is that there is a mismatch between the tracer and
the transistor amplifiers in the radio. The tracer input has a
fairly high impedance, whereas transistor impedance is rela-
tively low. This makes it important to use the collector rather
than the base leads for signal tracing, because the base im-
pedance is usually much lower than the collector impedance.
So, although the match is not good at the collector terminals,
it is better than trying to pick up signals at the base ter-
minals.

This may seem to offer a severe disadvantage for most sig-
nal tracers. Actually, it doesn’t. Assume a radio is very weak.
A signal tracer is first applied at the collector, or output, of the
1st IF stage. The radio being checked is tuned to a local sta-
tion and is heard in the tracer as a weak signal. We know from
previous experiments with our signal tracer that this is a
normal output at this point. So we conclude that the converter
and first IF' stages are working properly. When the probe is
moved one more stage to the right—to the 2nd IF collector—
no improvement is noted. In fact, the station almost disappears
in the tracer speaker. It is obvious that our trouble must be
in the 2nd IF stage. Instead of an increase in signal here, we
got just the opposite.

The next question might be, “But what if no signal at all is
heard at the 1st IF stage? How can I tell whether the converter
or the 1st IF stage is at fault?”
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The answer is, “You can’t.” But by making an additional
test, you can quickly identify the defective stage. You have
two choices—either use a signal-injection test to determine
which stage does not pass the injected signal properly, or check
the converter to see if the oscillator is functioning. If it is,
chances are the converter is working properly.

So, to those who have had good luck with signal tracers,
don’t discard them. But we recommend learning the signal-
injection techniques, also, to supplement the signal tracer when
it does not give sufficient information. This would be especially
true in the front-end of a transistor radio.

Table 3-3 shows the test points where signal tracers can be
used in most transistor radios. The most often-used test points
are numbered 1 through 6. They are usually very easy to find
because points 1, 2, 4, and 5 are transistor collector leads and
6 is the speaker.

TABLE 3-3.
Major test points for signal tracers.
Test Point What To Expect
Converter Collector No Signal (unless tracer is specifi-
cally designed for transistor radios;
see text)
1. 1st IF Collector Weak Signal
2. 2nd IF Collector Louder Signal

NOTE: A detector probe is used for the above, but not for the fol-
lowing tests. Change tracer from “RF” to “Audio” position.

3. Detector Output or Weak Signal
Volume Control
4. Audio Driver Collector Louder Signal
5. Audio Output Collector Louder Signal
6. Speaker Terminal Slightly Weaker Signal

Using the Signal Tracer
The signal tracer is quite easy to use, the benefit derived
from it depending largely on the user’s familiarity with his
instrument. Signal tracers, like signal generators, vary con-
siderably from model to model. Knowing what to expect to
hear at each test point is the greatest aid in this type of trouble-
shooting.
The setting of the radio volume control will also affect the
amount of signal heard in the tracer—especially when the
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audio stages are being checked. A good rule is to set it about
halfway between minimum and maximum. Then use the gain
control on the signal tracer to adjust the amount of signal at
the tracer speaker. The reason for not turning the volume con-
trol to maximum is that distortion may be produced because
a stage is overdriven, and this could throw the troubleshooter
off the track.

Let us now take two sample problems to demonstrate the
use of the signal tracer. (We will assume the batteries have
already been checked.)

The radio is dead. We turn its volume control halfway up
and switch the tracer to the RF position. Then we use the
detector probe in the IF stages as shown in Fig. 3-22. As
the radio dial is tuned across the band, weak signals are
heard at point 1 and good ones at point 2, indicating no
trouble in the front-end or IF sections. We then switch the
tracer to receive audio, and connect the leads to points
4, 5, and 6, where a good signal is picked up at each point.
Now, we know the signal is getting all the way back to
the radio speaker. But, since nothing is heard from the
speaker, we can conclude that it is probably defective.

Now let’s assume a radio has distortion. Signal tracers can
be very useful in isolating distortion, as will be seen in the
following example.

We tune the radio to a station, and turn the volume con-
trol to about the normal listening level. A check at point
2 results in a clear, undistorted signal being heard in the
signal tracer. A check at point 4, the audio-driver collec-
tor lead, still gives us a clear signal in the speaker of the
tracer. However, when the tracer is moved to point 5, the
collector of the output stage, the distortion is picked up.
This means it is probably being produced in the output
stage, since this is the first point where it is heard. On the
other hand, if the distortion was not heard at any of the
test points, including point 6, we can conclude that
the radio speaker is at fault.

Signal-Tracer Summary

Some of the important points about signal tracers are:
1. They can be used to trace distortion, provided the output
stage is not overdriven by excessive volume.
2. They can be used for troubleshooting weak or dead radios.
3. The front-end of the radio must be checked before the
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audio system. This is the reverse of signal-injection tests,
where the audio section is always checked first.

. The signal tracer has certain limitations in the front-end

of a transistor receiver. Because of mismatch between the
tracer input impedance and the transistor output imped-
ance, signals usually cannot be heard in the converter
stage, and they may be weak in the lst IF stage.

. The tracer is usually used on transistor collector leads.
. The success of a signal tracer depends largely on how

familiar the operator is with his own instrument.



CHAPTER 4

Learning to Troubleshoot
AM-FM Transistor Radios

Now that you are familiar with AM transistor radios and
how signals pass through them, it is a simple matter to “chart
the same course” in radios in which the FM provision has
been added.

The basic circuits are almost the same—and the same prin-
ciples apply. That is, transistors are used as amplifier or oscil-
lator stages, and the circuits look very much like AM circuits
in most cases. The DC circuits are set up in much the same
manner, with a stabilizing resistor in the emitter, a voltage
divider in the base to obtain “bias,” and the collector returned
to battery negative (NPN) or positive (PNP). The main dif-
ference is that some of the tuned circuits which couple signals
in and out of each stage are wound with fewer turns to handle
the higher frequencies.

In most AM-FM radios, the same audio system, except for
the detector, is used for AM and FM. Since the purpose of
the AM audio amplifiers is to amplify changes in amplitude
(audio signals), and the purpose of the FM detector is to
change frequency variations into amplitude variations (audio
signals), the same audio amplifiers can be used. The amplifiers
are simply switched to receive the output of the AM detector
when listening to AM, or the FM detector when tuned to FM.
Both detectors produce small, audio signals which need am-
plification before they can drive a speaker.

As with AM signals, the FM signals must be amplified before
they can be detected. Most of the signal in any radio system is
lost while traveling between the station and the receiver. This
is especially true with FM because the signals are transmitted
at higher frequencies (88 me-108 me) which are not reflected
back to earth by the ionosphere. Only the direct (line of sight)
signals are received. Any obstacles such as buildings or hills
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between the transmitter and the FM radio will tend to block
the signal.

The section of the radio which builds up the FM signals re-
ceived at the antenna is called the “FM Tuner.” It employs
one or more transistors which work at higher frequencies than
AM transistors but are similar otherwise. The FM converter
(oscillator) and IF amplifiers also must operate at higher
frequencies.

As with the AM radio, after checking the batteries and
looking the set over thoroughly for visible defects, the next
step is to get out the schematic and become familiar with the
general layout of the set. This only takes a few seconds and
will save time in the long run.

SCHEMATIC FAMILIARIZATION

The schematic in Fig. 4-1 represents a typical AM-FM radio
less the audio system. In this chapter, we will get you familiar
enough with AM-FM radios, so that a quick glance at a sche-
matic will give you all the road map you need.

From this schematic, we learn that there are two stages in
the “FM tuner section” of the radio (the FM-RF amplifier
and the FM converter). The tuner section is followed by the
“IF strip,” consisting of three stages. The three IF amplifiers
are called dual purpose amplifiers, because they not only am-
plify the FM-IF signals, but they also amplify the AM signals.
Note that the 1st FM-IF stage doubles as the AM converter;
the 2nd FM-IF serves as the 1st AM-IF, and the 3rd FM-IF
serves as the 2nd AM-IF amplifier. The way that this is accom-
plished will be described later. The combining of the AM-
and FM-IF strips is quite common, since it saves transistors
and other parts. Only the more expensive units have a separate
converter and IF amplifier section for AM.

After IF amplification, the AM signals are detected by the
AM audio detector (Fig. 4-2), and the FM signals are detected
by the FM detector. They are then fed into the common audio
system.

The individual stages and their functions are:

1. FM RF Amp. Amplifies the FM signals.
2. FM Converter Changes the incoming FM signals
(88 mc-108 me) to an IF signal
(10.7 me).
3. 1st FM-IF Amplifies the 10.7-mc FM signal.
AM Converter Changes the AM-RF signals to IF

signals (455 kc).
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Fig. 4-1. Simplified AM-FM radio circuit (minus audio stages).




4. 2nd FM-IF Amplifies the 10.7-mc¢ FM signal.

1st AM-IF Amplifies the 455-kc¢ AM signal.
5. 3rd FM-IF Further amplifies the 10.7-mc sig-
nal.
2nd AM-IF Further amplifies the 455-kc sig-
nal.
6. FM detector Changes the FM signal to audio.
AM detector Separates the audio from the 455-
ke signal.
7. Audio Amp. Amplifies the audio.
8. Audio Amp. (driver) Further amplifies the audio.
9. Audio output Builds up sufficient audio power

to drive the speaker.

The block diagram (Fig. 4-2) shows the path the FM signal
takes in dotted lines, and the AM signal flow in solid lines.
Note that the AM portion of the radio is identical to the lay-
out previously studied in Chapter 3. The only differences are:
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Fig. 4-2. Block diagram of the AM-FM receiver in Fig. 4-1.

1. A two stage FM tuner has been added.

2. An FM detector has been added.

3. Transformers tuned to 10.7 mc have been added in the IF
stages to allow those stages to pass the FM-IF signal.

Circuit Description and Test Points

The circuits in Fig. 4-1 are almost identical to those in the
AM receiver previously studied. In this case, all transistors



happen to be PNP type, but many AM-FM receivers use NPN
transistors in some stages.

As previously stated the emitter lead (in PNP circuits) goes
through a stabilizing resistor to the positive side of the battery
and the collector goes to the negative pole through some sort
of “load.” This holds true in every stage of this receiver. Also,
the base lead of each transistor is connected to a voltage divider
for its bias. For example, in the FM-RF amplifier stage, R1
and R2 form the voltage divider. R3 is the emitter stabilizing
resistor and L2 is the collector load. In other words, the very
same DC circuit conditions are set up here as we had in the
basic amplifiers studied previously. This is important to re-
member when we start to troubleshoot this receiver.

But what about the AC circuits? By that, we mean the path
that the broadcast signals (which are actually AC voltages)
take as they pass through each stage. In the circuits studied in
previous chapters, we found that the signal was injected, or
inserted, in series with the base lead of each stage. That voltage
is then either added to, or subtracted from, the DC bias voltage,
depending on which half cycle it was on. This is where the first
two stages of our AM-FM receiver differ.

FM Tuner

FM signals enter the RF stage through antenna coil L1 and
coupling capacitor C1. Note that they are coupled to the emit-
ter, not to base. The base is bypassed by capacitor C2, which
holds it at ground potential and keeps it from varying with
the signal. The signal is developed across R3; thus it is in
series with the emitter lead instead of the base. This type of
circuit—known as a common (or grounded) base circuit—has
certain advantages in the FM tuner stages; it allows the tran-
sistors to operate efficiently at higher frequencies and provides
better voltage gain. When the signal is coupled into the base,
we call it a common (or grounded) emitter circuit. The latter
is more popular for most applications, because it gives greater
power gain.

When troubleshooting and injecting test signals into a stage,
it is very important to first check the schematic to see where
the signal is coupled in. If we pick the wrong point, it would
appear that the stage is dead, because the test signal would be
bypassed to ground. This would happen if we used the base of
the FM-RF amplifier; we should inject the signal into the emit-
ter where the regular FM signal enters (Fig. 4-1).

The FM converter is very similar to the AM converter dis-
cussed previously (See Fig. 3-1), except that the FM signal is
coupled into the emitter along with the oscillator signal from



L3. Oscillator coil L3 and its associated capacitor C3 are tuned
to a frequency which is 10.7 mc above the frequency of the FM
station being received (Fig. 4-3).

DIAL SETTING FM OSC. SIGNAL
AND STATION
SIGNAL §\ 108me

88mc 100 1o.7

10.7 m¢ DIFFERENCE

Fig. 4-3. The oscillator oscillates 10.7 mc above the incoming
station frequency.

Dual-Purpose IF Stages

If two tuned circuits which are resonant at greatly different
frequencies are connected in series and the same signal is fed
to both of them, the signal will only “see” the circuit to which
it is tuned. This is called electronic switching; it is accom-
plished automatically and no switches are needed in each
stage.

10.7mc FM SIGNAL 455kc AM SIGNAL

-
L
TS M
|

+6V | :‘j";’_ L +6V .
(A) With FM signals. (B) With AM signals.

Fig. 4-4. How the IF tuned circuits look to incoming signals.

Fig. 4-4A shows the collector circuit of one of the FM-IF
stages. Note that the 10.7-mc IF transformer and the 455-kc
IF transformer are in series. When the radio is tuned to an
FM station and the 10.7 mc signal is produced (in the FM
converter), L9 appears as a high resistance to the signal and
literally “captures” it. It is then sent to the next stage. Trans-
former L10, however, looks like a complete “short” to the
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signal, since it is tuned so far off the signal frequency. L10 acts
just like a piece of wire conductor (as shown in Fig. 4-4A).
Another way of looking at it is that the capacitor across L10
bypasses the signal around the coil, since the 10.7 mc signal
can pass through the capacitor very easily.

Now what happens when the radio is tuned to the broadcast
band and AM stations are being received? The AM converter
stage produces a 455-kc IF signal as shown in Fig. 4-4B. As the
signal passes through the IF stages for amplification, it “sees”
only the 455-kc transformer L10. Why? Because L10 acts like
a high resistance, while L9 is so far off frequency it acts like
a piece of wire. Actually, L9 is only a few turns of wire; there-
fore, it has a small inductance and doesn’t react to the rela-
tively low 455-kc frequency.

Thus, whichever type of signal being received is passed on
to the next stage after amplification by the transistor. After
passing through all IF stages, the signals are fed to one of the
detector stages for conversion to audio.

AM and FM Detection

Conversion from an amplitude modulated 455-ke signal to
audio is simple and is accomplished in the same manner as it
is in a straight AM receiver. A diode (X3 in Fig. 4-5) removes
one half of the envelope, and filters C33, C34, and R33 remove
the 455-kc frequency. This leaves pure audio, which is then
amplified by the audio system.

FM is different. Frequency shifts are present instead of am-
plitude variations. The FM detector must convert these fre-
quency changes to amplitude changes, or audio. Note that L11
in Fig. 4-5 is tuned to 10.7 mc. Assume that a signal of exactly
10.7 mc is fed to L11 (by a signal generator or unmodulated
FM station). The induced voltage in winding Z assists the
voltage in windings X and Y equally, causing diodes X1 and
X2 to conduct equal amounts of current (see arrows). This
causes two currents of equal magnitude to flow through load
resistor R1 in opposite directions, so no output voltage is de-
veloped across R1.

As the frequency shifts above 10.7T me (due to modulation),
a phase shift takes place, causing winding Z to assist winding
X more than it does winding Y. Diode D1 now conducts more
than diode D2, causing a positive voltage to be produced across
R1. When the frequency shifts below 10.7 me, winding Z as-
sists winding Y the most, causing X2 to conduct heavier than
X1. This causes a negative voltage to be developed across R1.
Since R2 actually represents the volume control, the pulsating
voltage is fed to the audio amplifiers. The voltage coupled via
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C1 and S1 to R2 is pulsating at the audio rate (in step with
the shifts in frequency) and an audio signal is heard.

Balancing the FM Detector

In order for the detector to work properly, it must be bal-
anced to make sure that 0 volts is obtained when exactly 10.7
mc is fed into the radio. Although a 10.7-mc IF signal can be
obtained when a station signal is tuned in perfectly (assuming
that the rest of the radio is aligned properly) there are too
many variables for this to be accurate. It is best to feed in a
10.7-mc signal from a crystal-controlled signal generator.

Balancing is then accomplished by adjusting the slug for
Coil X (detector transformer L11 secondary) for 0 volts on a
meter connected between points A and B (Fig. 4-5). This pre-
vents audio distortion by assuring a balanced plus and minus
voltage during station modulation.

ISOLATING TROUBLES

When troubleshooting an AM-FM radio, approach it as you
would a straight AM radio, by:

1. Checking batteries and battery current.

2. Looking the radio over carefully for obvious defects (bat-
teries in backwards, cracks in circuit board due to drop-
ping the radio, etc.).

3. Sectionalizing the radio, or getting an idea as to what
section the trouble is in.

4. Reading voltages to pinpoint the exact trouble spot.

Since Step 4 will be covered in detail later the remainder of
this chapter will be devoted to Step 3.

Listening Test

Usually by just listening to the AM-FM radio, you can tell
what area the trouble is in. This is true because there are
certain stages of the radio which function only when tuned
to FM, and some which function only when tuned to AM.
Other stages function during both AM and FM reception.

Once you have glanced at the schematic, think of it in terms
of a block diagram (Fig. 4-6). When the switch is in the FM
position, the FM tuner is in the circuit; during AM, it is not
functioning. The IF section functions on both bands, except
each tuned circuit is sensitive to only one frequency. Each de-
tector functions on its own band only, and the audio system
serves both bands.
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Let’s assume that the radio is dead on FM but works fine
on AM. The trouble is probably in the FM-tuner section or in
the FM detector. If the radio is dead on AM but performs all
right on FM, the AM detector or the oscillator portion of the
AM converter stage may be out (some radios have a separate
AM oscillator transistor).

T FM ANT.
L—I > -

Lol FM | 1 FM | FM IF FM IF FMIF
RF AMP Conv. ) AM CONV. AM IF AMIF
! M =
|
FM ;
AM ANT. SIA FM
Y AM TN FM DET.
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Fig. 4-6. Keeping the general layout in mind.

If the radio is dead on both AM and FM, the trouble is
probably in one of the stages which functions for both—the
IF or audio section. A weak radio may be due to a defective
or detuned antenna, tuner, or IF transformer. (See Table 4-1.)

TABLE 4-1,
Probable Causes of Defects in AM-FM Receivers
Indication Probable Trouble Area

FM Dead; AM OK FM Tuner or FM Detector

AM Dead; FM OK AM Detector or Oscillator

AM and FM Dead IF or Audio Section

FM Weak; AM OK FM Antenna, Tuner, or IF-Tuned Circuit

AM Weak; FM OK AM Antenna or Alignment

FM Distorted; AM OK | FM Detector, Detector Transformer, or
Alignment




Signal Injection

Signal injection can be used, as it was on straight AM re-
ceivers; however, there are some differences which will be
noted.

Since noise is amplitude modulation (AM), noise generators
will not work on FM. This is also true for “click” or shock tests.
Many technicians, however, use noise generators with the radio
in the AM position; this checks all the dual-purpose stages and
the AM detector.

Starting at the volume control, we can inject noise to see if
the audio stages are working. A noise generator can be used
for this test, but the radio probably has its own noise generator
located at that point—the volume control itself. After some
use, the control usually gets a little noisy. This noise is ampli-
fied by all of the audio stages if they are working. Put your
ear next to the speaker and turn the control back and forth
near the high-volume setting. If a little noise is heard, the
audio amplifiers are probably working.

If the audio stages are working, place a noise generator on
the base of the first AM-IF transistor. This checks the AM-IF
amplifiers and the AM detector. Next move to the AM con-
verter or antenna. A loss of signal at any point indicates
trouble. When this occurs, certain voltages, described in the
following chapter, should be read.

AM-FM radios have another “built-in” noise generator which
operates when the radio is switched to FM. The FM tuner pro-
duces a high-pitched hissing sound when the volume control
is turned up and the radio is tuned between stations. This hiss
is due to the increased noise level inherent in most high-
frequency transistors. Before this hiss is heard, however, all
of the FM-IF amplifiers must be working. Usually the FM
converter must also be working because very little hiss is
produced by the IF amplifiers.

If the FM-IF amplifiers and the FM converter are working,
there will usually be a mild hiss with volume control turned
all the way up. If the FM-IF amplifiers, FM converter, and
FM-RF stages are all working, a louder hiss level will be
heard. A loud hiss level but no audio usually points to a bad
FM-antenna or FM-oscillator circuit.

Using a Signal Generator

Signal generators are seldom used on AM-FM radios; the
trouble can usually be sectionalized by merely listening to
the radio (on both AM and FM), by a noise generator (on
AM), or by tuner noise (FM). FM signal generators, however,
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are often used for alignment of AM-FM auto radios. They re-
quire very precise alignment because it is difficult to obtain
passable FM performance in a moving vehicle. This will be
discussed in a later chapter.

Summary

Understanding how the AM-FM radio works and visualizing
a block diagram as you glance at the schematic saves consid-
erable time in localizing troubles. After checking batteries and
listening to the radio—on both AM and FM-—a pretty good
idea of the trouble area can be determined. Four types of
signals are available without even turning on a signal gen-
erator. They are:

1. Volume control “scratch” which can usually be heard with
ear next to speaker as control is rotated. Checks: Audio
amplifiers.

2. AM station signals. Checks: AM converter, IF amplifiers,
and AM detector.

3. FM station signals. Checks: FM tuner, IF amplifiers, and
and FM detector.

4. FM tuner hiss. Checks: Normal hiss with no FM signal
points to FM oscillator or antenna circuit trouble. Weaker
hiss with no FM signal points to FM-RF stage trouble.

In other words, we can automatically inject signals at the
following points in the radio by simply utilizing what is already
available to us: at the audio input (by rotating volume con-
trol); at the AM converter (by switching to AM stations); at
the FM-IF (by switching to FM tuner hiss between stations);
at the FM-RF (by tuning in FM stations).



CHAPTER 5

Normal Transistor Voltages

After isolating the trouble to a stage or section of the radio,
such as the IF, audio, or converter, we are ready to pinpoint
the actual cause. This can best be done by analyzing the volt-
ages at the transistor elements in that section.

It is easy to read the various voltages and compare them with
those on a schematic; but unless the troubleshooter knows
the meaning of each voltage, he will be unable to determine
anything from them. This chapter is devoted to normal tran-
sistor voltages—what they mean and how they are formed.
The following chapter deals with incorrect voltages and their
meanings.

The amount of voltage in the battery or power supply is one
factor which determines how much voltage will be found at
the various transistors.

This is why it is important to always check the battery volt-
age first, because if it is low, all transistor voltages will be low
also. They will not correspond to the voltages listed on the
schematic, since the later are almost always taken with fresh
batteries.

Also, weak batteries can cause all sorts of troubles, includ-
ing a weak, dead, or distorted radio, or even one with weird
oscillations or motorboating sounds.

COMPARISON OF TUBE AND TRANSISTOR ELEMENTS

The emitter in a transistor (Fig. 5-1A) emits current car-
riers; the cathode in a vacuum tube (Fig. 5-1B) emits current
carriers. Therefore, the emitter and cathode have a lot in
common—the same basic purpose.

The base element in the transistor controls the current flow
through the transistor, and the grid in the tube controls the
electron flow through the tube. Therefore, they, too, have
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something in common. The signal is fed in at this point in
most tube and transistor circuits.

The collector of the transistor collects the current carriers
sent out from the emitter. The plate in a vacuum tube has the
same function—to collect the electrons which come from the
cathode. The signal is usually taken off (coupled) from this
element and sent to the following stage.

COLLECTOR PLATE
BASE GRID
EMITTER CATHODE
(A) Transistor. (B) Vacuum tube.

Fig. 5-1. Comparison of the elements.

One of the major differences between tubes and transistors
is in the method of emitting current carriers from the cathode
or emitter. The tube has a filament to “boil” electrons out of
the cathode. But the transistor has no such filament. It uses a
small forward bias voltage between base and emitter to start
current flowing. This requirement in the transistor leads to
the second major difference, the much lower input resistance
in the transistor. The small forward bias voltage on the tran-
sistor causes a much lower resistance between base and emitter
than the tube has between. grid and cathode. Most tubes can
have zero voltage between grid and cathode—or even a nega-
tive bias—and still conduct, because the heater is continuously
“boiling” electrons out of the cathode. With this reversed
voltage on the grid, no grid current will flow and the input
resistance of the tube will be very high. In the transistor,
however, a small base current does flow in order to make the
current carriers start moving toward the collector; the input
resistance is quite low because of the presence of electrons in
the emitter to base region. A measurement of this low resist-
ance is one test we will make later when we talk about testing
transistors.

NPN TRANSISTORS

The basic NPN circuit is shown in Fig. 5-2A; Fig. 5-2B
shows a similar vacuum-tube circuit. In both examples, the
positive pole of the battery is connected to the element which
attracts and collects electrons, and the negative pole to the
one which emits them. In both examples, the electrons travel
out of the negative pole, up through the tube or transistor,
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and into the positive pole of the battery, making the complete
circular path shown by the arrows. Since the emitter is
grounded, there is no voltage on it with respect to ground (Fig.
5-3A). The +10 volt potential is applied directly to the collector,
and that’s what is being measured there.

A quick glance at the input circuit tells us there is a dif-
ference between the vacuum-tube (Fig. 5-3B) and transistor

NPN
TRANSISTOR

(A) NPN transistor circuit,

ELECTRON
I~ STARTER

(B) Equivalent vacuum-tube circuit.

usm-:/a!,

ELECTRON
STARTER
Fig. 5-2. The basic circuit.

circuits. The grid of the tube is tied directly to ground because
it needs no bias voltage to make it conduct. The transistor base
lead, however, is connected to a voltage divider which, in a
sense, replaces the filament the transistor doesn’t have. This
puts the base at a slightly positive voltage with respect to the
emitter; so a small base current flows. This base current is
usually so small it can be neglected for troubleshooting pur-
poses. But after being amplified by the transistor, a larger
readable collector current is produced.

Effect of Emitter Resistor

In Fig. 54A an emitter resistor, R1, similar to the cathode
resistor in a tube circuit, (Fig. 5-4B) has been added. Since
the output current travels through these resistors, a voltage
drop is produced across them. With the electrons flowing up
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through R1, as shown by the arrows, the bottom becomes nega-
tive and the top positive (Rule: the end where electrons enter
a resistance becomes negative with respect to the opposite
end.) This gives us a positive voltage on the emitter or cathode
when the meter is placed between that lead and ground. This is
nothing new, for we have often been able to tell whether a
tube is conducting by its cathode voltage (provided a resistor
is used in the cathode circuit). The next question is, “How
much voltage will there usually be across this resistor?” It
depends on how much current is flowing, and on the value of
the resistor. Ohm’s law states that the voltage across a resistor
is equal to the current flowing through it, multiplied by its
resistance, thus, if R1 remains constant, the voltage will
be directly proportional to the amount of current flowing
through it.

When the current increases, so will the voltage across R1.
If no current is flowing in the circuit, there will be no voltage
across R1.

Effect of Collector Resistor

In Fig. 5-5A, collector resistor R2 has been added. In Fig.
5-5B, a plate resistor of the same value is connected in series
with the plate lead. It has been common practice in vacuum-
tube circuits to judge the plate current by the voltage across
the plate resistor, R2, or by a comparison of plate and battery
voltages. In Fig. 5-5B, electrons travel from cathode to plate
in the tube, down through resistor R2, and the battery, and up
through cathode resistor R1 as they make their way back to
their “home base,” the cathode. This means that although the
electrons traveled up through R1, they flow down through R2,
producing a negative voltage across R2. The 1.0-volt drop
across R2 is subtracted from the battery voltage, leaving only
9 volts on the plate. This is another indication that plate cur-
rent is flowing. Otherwise, the plate voltage would be 10 volts
because, with no current flowing through R2, no voltage will
be dropped across it (voltage drop equals current times re-
sistor value, which would be zero times 1,000, or zero). This
method of estimating DC output current works fine except
for one hitch—in low-voltage circuits, the plate resistor is
usually a coil with insufficient resistance to cause a noticeable
voltage drop.

The same principles hold true in Fig. 5-5A, the only differ-
ence being that the electrons are flowing through a transistor
instead of a tube. This makes no difference as far as the re-
sistors are concerned—if the same current flows, the same
voltages will be produced.
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Electrons leave the emitter, travel through the transistor
to the collector, then go down through R2, and the battery,
and up through Rl to the emitter, as shown by the arrows.
This produces, across R2, a negative voltage which is sub-
tracted from the battery voltage to leave 9 volts at the col-
lector. If no collector current were flowing, there would be no
voltage across R2 and the collector would read the full 10 volts.

VoLTS

(A) The circuit.

(B) Equivalent vacuum-tube circuit.

Fig. 5-5. Adding a collector resistor.

Since we know that all voltage drops in a series circuit must
add up to the battery voltage, one might wonder where the
other 8 volts are. There is 1 volt across R1 and 1 volt across
R2; the remaining 8 volts are found across the transistor, from
emitter to collector. A voltmeter placed between the emitter
and collector in Fig. 5-5A would read 8 volts. The voltage be-
tween emitter and base would read about 0.2 volt, the base
voltage being set primarily by voltage divider R3-R4.

Estimating Collector Current

It was previously stated that the voltage drop across R1 and
R2 depends on the amount of current flowing through them—
the more the current, the greater the voltage drop. Thus, cur-
rent is directly proportional to the voltage produced. We also
know that the higher the resistance is in a circuit, the lower
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the current will be for a given battery voltage. This means the
current is inversely proportional to the resistance.

Now let’s figure the value of the collector current in Fig.
5-5A. The current through R1 is equal to 1 volt divided by
1,000 ohms, or .001 amp. To convert amps to milliamperes,
move the decimal three places to the right; so the answer is
1 milliampere. The same figures hold true for the current
through resistor R2, because its resistance and the voltage
across it are the same. (A very small base current flows
through emitter resistor R1, but it is too small to add any
noticeable voltage across R1.)

{A) In a transistor circuit.

(B) In a vacuum-tube circuit.

Fig. 5-6. Replacing R2 with a transformer.

As in vacuum-tube circuits, a very low-resistance trans-
former is sometimes used in place of R2. If so, very little volt-
age will be found across the transformer.

Effect of Collector Transformer

Fig. 5-6A shows a circuit where the collector or plate re-
sistor (R2) has been replaced by a transformer. Assuming the
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same current of 1 milliampere (.001 ampere) is flowing in the
circuit, there will be no readable voltage across the trans-
former because this multiplies out to only .01 volt—so small
it can be considered as zero. The collector and plate voltages
now read essentially the full 10 volts because there is no notice-
able drop in the positive battery lead.

Note also that the value of the emitter resistor in Fig. 5-6A
and the cathode resistor in Fig. 5-6B have been changed.
Assuming the collector current is adjusted to about the same
as before, or 1 milliampere, the voltage drop across R1 will
now decrease to half of what it was before. This is true be-
cause the voltage across Rl is equal to the current times the
resistance of R1; if the resistance goes down and current re-
mains the same, voltage is bound to go down. Emitter resistors
vary in size, depending on the circuit design and the amount of
stabilization needed. Common values are from 100 to 2,200
ohms in low-power transistor circuits. Transformer resistances
also vary widely. Audio transformers usually have sufficient
resistance to produce a voltage drop in the collector circuit,
whereas RF and IF coils do not.

The addition of a transformer coil in the base lead has no
affect on any of the voltages because the coil usually has a
very low resistance (0.7 ohm for the one in Fig. 5-6) and there
is practically no current flowing through it.

Voltages Between Elements

In most instances the voltages from one transistor lead to
another mean more than the ones to ground, as will be seen
in the next chapter. The difference between base and emitter,
which we know as the transistor “bias voltage,” is extremely
important. The transistor cannot operate properly without it
(except in some converter, oscillator, detector, and special
push-pull circuits).

Fig. 5-7 shows the normal element-to-element voltage rela-
tionship found in most amplifier circuits. If the transistor is
an NPN unit, the negative lead of the voltmeter is placed on
the emitter; and the positive lead is touched first to the base
and then to the collector lead. In other words, first the voltage
between base and emitter is checked, and then the one between
collector and emitter. Since the base-to-emitter voltage, or bias,
is usually quite small, it should be read on the low-voltage DC
scale. Notice that the bias for a germanium transistor (Fig.
5-TA) is less than that for a silicon transistor (Fig. 5-7B).
The collector-to-emitter voltage should be larger, its value
depending on the battery voltage, the resistance in the emitter
and collector circuits, and the amount of collector current.
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Assuming the NPN transistor is in a typical amplifier cir-
cuit, with a small forward bias between base and emitter, the
base voltage will be slightly positive with respect to the emit-
ter; the collector voltage will be much more positive. In both
instances, the emitter is used as a reference instead of ground.
Here is an easy way to remember which meter lead to place
on the emitter—it is the same as the first letter in the tran-
sistor type, NPN. We will find out later that, in PNP circuits,
the positive meter lead is placed on the emitter—corresponding,
of course, to the first letter in PNP.

NPN NPN

C (LARGER
VOLTAGE)

C (LARGER

VOLTAGE)

y LA 7 & [/]
( woirs( (L. _YOU VOLTS
' n : = | [y |
| LN ) el ? i [T \ il
} I | 1 N |
1ouTs) VoLt |
L-te__8r- L-ti__&#--~NEG. LEAD
(SMALL VOLTAGE) (SMALL VOLTAGE)
(A) Germanium transistor. (B) Silicon transistor.
Fig. 5-7. Typical el t-to-el t voltage relationship in a basic transistor

amplifier circvit.

When troubleshooting a stage, the first step is to determine
if the transistor is conducting (by checking for voltage across
the emitter or collector resistor). If not, the bias should be
checked to see if the transistor is being “told” to conduct.
This will be described in more detail in later chapters.

NPN Circuit with Positive Ground

So far all circuits have had a negative ground; that is, the
negative side of the battery has been grounded. If the posi-
tive side is grounded instead, all voltage will read negative
with respect to ground, as shown in Fig. 5-8A.

The circuit in Fig. 5-8B shows the basic NPN amplifier
before any resistances have been added in the emitter or col-
lector circuits. The battery is therefore connected directly
across the transistor, and it is easy to see that the collector
voltage will be zero with respect to ground. The emitter volt-
age will be —10 volts since it is tied directly to the negative
side of the 10-volt battery. The circuit in Fig. 5-8A has re-
sistances added in series with all leads to the transistor. The
10-ohm transformer winding in the collector lead does not
produce a noticeable voltage drop, so the collector voltage re-
mains at zero.
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Emitter resistor R1 in Fig. 5-8A is 500 ohms and there is
0.5 volt across it. Since the electrons are flowing up through R1,
the voltage across R1 will be negative at the lower end and
postive at the top. In other words, this voltage opposes the
battery voltage, so it subtracts from the latter, leaving only
—9.5 volts between emitter and ground.

The base voltage is set by voltage divider R3-R4, so it is
about 0.2 volt positive with respect to the emitter. This makes
the base voltage —9.3 volts with respect to ground.

]

&

(A) Complete circuit.

(B) Basic circuit.

Fig. 5-8. A positive-ground NPN circuit.

The important thing to note in Fig. 5-8 is that the voltages,
if measured between elements, are the same as they were in
the negative ground system. In other words, the rules that
applied in Fig. 5-7 still hold true: When the negative voltmeter
lead is placed on the emitter, all voltages will read positive.
The base voltage will read about 0.2 volt (for a germanium
transistor), compared to that of the emitter, and the collector
voltage will be 9.5 volts. Thus, the fact that a positive ground
is used will not change circuit operation nor the voltages when
read with respect to the emitter.

Actual Radio Voltages

All the principles we have learned so far about voltages in
NPN circuits will now be applied to an actual radio schematic.
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The 1st and 2nd IF stages of a typical transistor portable using
NPN transistors is shown in Fig. 5-9. A 9-volt battery with
negative ground is used. The full battery voltage is applied to
the audio-output stage, but the voltage to the other stages is
dropped to 8.3 volts by a 220-ohm resistor, R18 in the “A”
line.

The 2N253 transistor has a 100-ohm resistor, R5, in its
emitter lead; 0.1 volt is produced across this resistor by the
collector current. The collector of the 2N253 is connected to a
7.5-ohm IF transformer winding, which produces no noticeable
voltage drop. However, there is also a 1,000-ohm resistor (R6)
in series with the collector lead, and 0.8 volt is dropped across
it, leaving 7.5 volts on the collector. It is important to note
that sufficient resistance values and collector current flow pro-
duce voltage drops across the emitter and collector resistors.

The 2N254 transistor (2nd IF) in Fig. 5-9 has more resistance
in the emitter circuit, but less in the collector lead. Emitter
resistor R9 is 470 ohms, and 0.2 volt is developed across it by
the flow of collector current. The collector lead has no resist-
ance except the 7.5-ohm IF coil, so essentially the full 8.3 volts
from the “A” line reach the collector. The base voltage is set
by a voltage divider, R7-R8, in the usual manner. The base
voltage of the 2N253 (1st IF') transistor is varied slightly by the
AGC voltage, which in turn varies the collector current of
that stage. This will change all voltages if the radio is tuned
to a strong station; thus, voltages should always be measured
with the radio tuned “off station.” If this is done, the AGC
system need not be disabled.

The 2N253 transistor in Fig. 5-9 is drawing about one milli-
ampere, and the 2N254 transistor is drawing slightly less than
half this much.

PNP TRANSISTORS

The basic PNP circuit is shown in Fig. 5-10. The emitter
voltage now becomes the most positive, because the battery
has been turned around—the positive pole connected to the
emitter and the negative pole to the collector.

If a vacuum tube were turned around so the electrons had
to flow in the opposite direction from normal, the battery
would have to be turned around also. In other words, for the
electrons to be pumped counterclockwise, around the circuit,
the battery must be connected as shown in Fig. 5-10. Since
PNP transistors are designed to pass electrons from collector
to emitter, the battery must be connected to send electrons
into the collector, through the transistor, and then out of the



emitter as shown by the arrows. This is why, in PNP transistor
circuits, the emitter is usually connected to the most positive
voltage.

If there are no resistances in the emitter and collector cir-
cuits, the full battery voltage will be found across the tran-

PNP
oV

o

Fig. 5-10. The basic PNP transistor circvit.
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sistor, from emitter to collector. The base voltage is usually
maintained by a voltage divider, R3-R4, at a slightly less posi-
tive voltage than that of the emitter.

Effect of Emitter and Collector Resistors

In Fig. 5-11, the same circuit is shown, except emitter and
collector resistors have been added. The flow of electrons

Fig. 5-11. Voltage distribution in the PNP transistor circvit.

through these resistors causes voltage drops of the polarities
shown.

Now, when the collector voltage is measured with respect
to ground, the meter is actually being placed across collector
resistor R2. This means that if the transistor is conducting, a
voltage will be read at the collector; but if not, the collector
voltage will read zero because R2 does not have a voltage drop
across it.
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The emitter reads 9.5 volts because the same current also
makes a circular path and passes through emitter resistor R1.
The voltage drop across Rl is subtracted from the battery
voltage, leaving 9.5 volts at the emitter. A base current will
also pass through R1, but it is usually so small it does not add
significantly to the voltage drop across the resistor.

The voltage drops across R1, R2, and the transistor add up
to the battery voltage. This follows the rule for series circuits
(0.5 volt plus 0.5 volt plus 9 volts = 10 volts).

Effect of Coupling Transformers

As with NPN transistors, transformers often do not cause a
readable voltage drop. This is especially true of IF trans-
formers, where the resistance and the collector current are
rather small.

‘E_ ‘ v

Fig. 5-12. A noticeable voltage drop occurs when there is an
audio transformer in the collector circuit.

Audio transformers often do produce a noticeable voltage
drop. The collector transformer winding in Fig. 5-12 has a
DC resistance of 300 ohms; a current of only 1 milliampere
would cause the collector voltage to rise to 0.3 volt. The same
current, as it passes through emitter resistor R1, causes a little
larger voltage drop there because R1 has a little more resist-
ance than the collector winding. The fact that the emitter
voltage is not 10 volts and the collector voltage is not zero indi-
cates the transistor is conducting in that circuit.

Base voltage is not affected by the transformer winding in
the base lead because that winding usually has such a low
resistance and base current is so small that no significant volt-
age is dropped there.

Estimating Collector Current

Usually the troubleshooter only wants to know whether or
not the transistor is conducting—the exact amount of current
is not too important. In some audio amplifiers, however, the
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value of the collector current is important, and a potentiometer
may even be provided in the base circuit so the current can
be adjusted.

The current in Fig. 5-12 can be figured from Ohm’s law, by
dividing the voltage drop across a resistance by the value of
that resistance. We know the voltage across the collector trans-
former is 0.3 volt and the resistance is 300 ohms, so collector
current must be 1 milliampere.

Collector current is sometimes adjusted by using the col-
lector voltage as an indication. When the voltage is right, the
current will also be about right. This makes it unnecessary to
break any leads to measure current. In those circuits where
the collector current is adjustable, R4 will usually be a vari-
able instead of a fixed resistor.

Voltages Between Elements

The voltage the transistor sees is the one between its ele-
ments, and this is what it operates on.

Most PNP transistors will have the most positive voltage
applied to the emitter; therefore, when the emitter is used as

Fig. 5-13. Voltages measured with re-
spect to emitter in a PNP transistor r~J
circuit.
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a reference, the base and collector will be negative. This means
that if the positive meter lead is placed on the emitter and the
negative lead is used as a probe, as shown in Fig. 5-13, the
voltages will usually read up the scale. Exceptions are some-
times found in certain converter, detector, and push-pull out-
put stages, where the base-to-emitter voltage may be zero or
even reversed in polarity. In converter circuits, the oscillator
signal may reverse the bias, but this is normal if the voltages
are listed that way on the schematic.

PNP Circuit with Positive Ground

As with NPN circuits, a positive ground may be used on
some sets. When checked with respect to ground, all voltages
will then be negative.
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In Fig. 5-14, the emitter is the least negative because it is
nearest to ground. The only reason any voltage is read on the
emitter is that there is a voltage drop across emitter resistor
R1; otherwise, the emitter voltage would be zero.

Collector voltage reads —10 volts because it is almost directly
connected to the negative pole of the battery (collector trans-
former resistance is quite low). Voltage divider R3-R4 keeps
the base slightly more negative than the emitter. The impor-

Fig. 5-14. A typical positive-ground PNP circuit.

tant point is that the transistor elements still see the same
voltage polarities with respect to the emitter.

Actual Radio Voltages

In Fig. 5-15 the 2N252 converter has a 4,700-ohm resistor,
R4, in the lead between the emitter and the 8.3-volt “A” line.
Collector current flowing through the resistor causes a drop
of 1.3 volts across R4, leaving 7 volts on the emitter. If the
2N252 transistor were not conducting, no voltage would be
dropped across R4 and the emitter reading would be con-
siderably higher.

Voltage divider R2-R3 keeps the base voltage about 0.2 volt
less positive than the emitter, as is customary for most PNP
circuits. As mentioned previously, however, some PNP con-
verter circuits operate with the bias reversed—that is, the
base may appear to be more positive than the emitter as long
as the oscillator is oscillating. If the schematic calls for a re-
versed bias between base and emitter, that is one way to tell
if the oscillator is oscillating. The only reason for a bias re-
versal in this type of circuit is that the oscillator signal is
sometimes strong enough to reduce the emitter voltage below
normal. If the oscillations are stopped, the bias will return to
a normal forward bias. The oscillator tank circuit sends its
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Fig. 5-15. Normal voltage distribution in typical PNP converter and driver stages.
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signal voltage to the emitter through a 1,000-mmf capacitor,
C6, where the signal is detected by the emitter diode. In Fig.
5-15, however, the oscillator does not cause a bias reversal.

The collector circuit contains two transformer windings—the
1.2-ohm oscillator feedback winding and the 7.5-ohm IF pri-
mary. Neither coil has sufficient resistance to cause any notice-
able voltage drop, so the collector voltage reads zero.

Fig. 5-15 also shows the audio driver stage, which employs
a 2N403 transistor. The collector has an audio transformer
winding with a DC resistance of 440 ohms; thus, a voltage drop
of 0.4 volt is produced as the collector current passes through
that winding. This causes the collector voltage to read 0.4 volt
positive with respect to ground.

The emitter of the driver transistor is tied to the 8.3-volt “A”
line through R14, and 7.5 volts are measured at the emitter.
Base resistors R12 and R13 keep the base slightly negative with
respect to the emitter.

SUMMARY

Schematics show normal voltage readings between each
transistor element and ground but these are not the most
important voltages in a transistor radio. Although it is impor-
tant to understand what produces those voltages, the readings
which mean the most in troubleshooting are:

1. The battery voltage under load (radio on).

2. The voltage across the emitter resistor, which tells if the
transistor is conducting or drawing current. (In some cir-
cuits, this voltage may be measured across the collector
resistor or coil.)

3. The bias, or voltage between base and emitter, which
“tells” the transistor to conduct by pulling current car-
riers out of the emitter.

These three voltage checks (Fig. 5-16) are the first ones
made when searching for trouble in a stage. After we learn
all we can from those checks, voltages to ground may be read,
but they are made only to confirm what we already suspect
the trouble to be.

The reason the “conduction test” is so important is that it
tells so much about the condition of the stage. By this one
simple test we can learn if anything is open in the collector
current path—resistors, coils, leads, or the transistor itself. It
even tells us more than that, for if any of the leads, resistors,
or coils in the base circuit are open, the bias would not be
normal. And the collector current will be upset. So, by this
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Fig. 5-16. Normal voltages usually indi that DC conducting
components are OK.

one check we can tell about the condition of all components
which pass DC, whether they be in the collector circuit, the
base circuit, or the transistor itself. This saves much time over
what it would take to check all of those components individ-
ually.

If conduction is normal and the stage still won’t pass a signal
properly, a capacitor may be open or a coil detuned. But, by
making the voltage checks, we at least know where to look
for the trouble. This system, along with the method of isolating
the trouble to one section of the radio saves an incalculable
amount of time. Systematic troubleshooting makes a lot more
sense (and cents!) than the old “hunt and poke” technique
ever did.

The next question is, “What happens to the conduction, bias,
and other voltages when certain components open or short?”
How can we tell which component is defective by making these
measurements? The next chapter is designed to give you a feel
for this. It will probably be the greatest aid in diagnosing trou-
bles we could possibly give you.
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CHAPTER 6

Defective Voltages

and Their Meanings

Voltages can usually pinpoint the trouble to one particular
part of the circuit, provided they are read carefully and their
meanings interpreted properly. This can save still more time,
because the technician can often go directly from the voltage
readings to the defective part or conductor.

Some defects affect only one voltage in a stage, whereas
others cause more than one to be wrong. Some defects will
cause a loss of collector current, but others can cause it to be
much higher than normal. The base-to-emitter voltage, or bias,
will go to zero in some cases, or it may reverse in polarity.
Other troubles cause the bias to increase until it is higher than
normal, but at the same time cause a loss of collector current
flow instead of the expected increase. All these conditions mean
something to the alert technician, leading him directly to the
trouble area in a minimum of time.

Naturally the voltage change for each defect will depend on
the type of circuit and the value of the components. However,
if the popular common-emitter types of amplifier and oscillator
circuits shown previously are studied, the basic principles can
be learned and applied to almost any transistor circuit en-
countered. Troubles will be placed in the circuits and the volt-
ages noted for each type of trouble. The drawings and charts
in this chapter will serve as a handy reference when a radio
with defective voltages is encountered in the shop. Later, after
enough experience has been gained in measuring and analyzing
transistor voltages, this will also become routine.

CAUSES OF VOLTAGE ERRORS

The first part of this chapter will show various voltage errors
and the troubles which can cause them to be that way. The
second part will discuss various components and show what
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happens to the signal and the voltages when each component
becomes defective.

We will always assume the battery voltage and current have
already been checked, so no trouble can exist from a defective
battery. Voltages are read by a meter with a resistance of
20,000 ohms per volt or higher, and the radio is tuned off the
station frequencies to prevent signals from entering it.

(B) In a PNP circuit.

+1ov 110V
Fig. 6-1. Normal DC voltages.

Before any defects occur, we’ll assume the voltages in the
NPN circuit (Fig. 6-1A) and the PNP circuit (Fig. 6-1B) read
as shown.

Wrong Base Voltage

Very few defects will cause the base voltage to be far from
normal when measured with respect to ground, except those
in the base circuit itself. The reason is that the base voltage
is usually obtained from a voltage divider; and unless the base
is disconnected from this divider, or the divider itself is de-
fective, the base voltage cannot change by a very large amount.
Small variations in base voltage do not usually cause the cir-
cuit to be inoperative, provided the base-to-emitter current is

normal.
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In Fig. 6-2A the NPN transistor has lost its base voltage, and
also its bias between base and emitter. When the base voltage
is lost in an NPN transistor, the transistor no longer conducts.
Current ceases to flow through emitter resistor R1; so there

"l-"\ SHORTED?

(B) In a PNP circuit.

Fig. 6-2. Open base circuit.

is no longer any voltage drop across R1. Current through L2
and R2 will also stop flowing, causing the collector voltage to
read the same as the positive supply voltage fed to that stage.
In other words, a loss of base voltage in an NPN circuit causes
loss of conduction, which can also affect the emitter and col-
lector voltages. Possible defects which can cause these condi-
tions are an open conductor in the base circuit, open coil L1,
open base resistor R4, or shorted capacitor C3.

If the base lead should open in the PNP circuit in Fig. 6-2B,
the base voltage will go more positive instead of negative. The
reason is that the emitter has 10 volts on it and the resistance
inside the transistor is very small between the base and emitter.
The base, therefore, goes to the emitter voltage when it loses
connection with its own voltage divider R3-R4. The base “as-
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sumes” the emitter instead of collector voltage because the
internal resistance between base and collector is quite high.

The loss of base-to-emitter bias voltage in Fig. 6-2B causes
the current through R1, R2, and L2 to stop. The voltage drop
across the resistors therefore disappears, causing the emitter to
go to 10 volts and the collector to zero or ground. This set of
conditions is due to the open base conductor, open transformer
L1, or open voltage-divider resistor R4. The base voltage to
ground may not actually read the full 10 volts as shown be-

(A) In an NPN circuit.

(B) In a PNP circuit.

+10V

Fig. 6-3. Open emitter circuit.

cause of the voltmeter resistance, but it will not be normal.
The lack of conduction, the loss of bias, and the wrong base
voltage point to trouble in the base circuit.

Loss of Base-to-Emitter Bias

The loss of normal voltage between base and emitter can
be due to another defect—namely, an open in the emitter cir-
cuit. This is shown in Fig. 6-3, where emitter resistor R1 or
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one of its connections has opened. The results are very similar
to the open base circuit, except the base voltage now is nearer
normal when measured with respect to ground.

In the NPN circuit (Fig. 6-3A) the base voltage remains very
close to normal, rising only slightly because the base current
has stopped flowing. The floating emitter now takes on, or as-
sumes, the neighboring base voltage of about 0.8 volt. Again
this is due to the very low internal resistance between base
and emitter, which tends to keep the voltages very close to-
gether on those two elements. Actually, when placed between
base and emitter to measure the bias, the voltmeter will read
zero or very slightly negative on the base with respect to the
emitter. Normally, of course, it is slightly positive.

The transistor cannot possibly conduct while the emitter cir-
cuits are open, so no voltage is dropped across collector coil
L2 or collector resistor R2. By looking at emitter voltage only,
one might assume the transistor is conducting. But here the
floating emitter is getting its voltage from the base. This is why
it is important to read all voltages on a transistor, including its
bias, before making any conclusions about the stage.

In the PNP circuit (Fig. 6-3B) the emitter resistor has also
opened. As might be expected, the floating emitter element
takes on the neighboring base voltage through the low internal
resistance in the base-emitter diode. The base voltage to ground
stays fairly close to normal, since the base is still attached
to its voltage-divider resistors R3 and R4. There may be a
slight variation in base voltage because no base current is
flowing, but it would appear to be well within normal limits
to the troubleshooter. The emitter voltage to ground might also
be considered within normal limits. But when the meter is
placed between the base and emitter, the bias will read zero
or slightly reversed from normal. Collector voltage to ground
reads zero because there is no collector current; therefore, no
voltage is produced across L2 or R2.

An open emitter resistor is a quite common defect in power-
output stages, where the resistor also serves as a fuse for the
transistor.

Remember, when checking the resistance of a resistor or coil
in a transistor circuit, that the ohmmeter has an internal bat-
tery which will affect the resistance of the transistor diodes.
The latter resistance will therefore shunt the resistance being
measured. However, whenever a transistor is reverse-biased,
its resistance becomes very high. So, when the resistance of
the coil or resistor is measured, and the ohmmeter leads are
then reversed and the resistance measured again, the resistance
reading probably will change. The higher reading will be the



one least affected by the transistor. It is therefore the more
accurate one.

Loss of Emitter-to-Collector Voltage

The loss of voltage between the emitter and collector leads
is very easy to spot because all elements appear to have about
the same voltage on them. This condition is shown in Fig. 6-4,
where the collector circuit has opened.

In the NPN circuit (Fig. 6-4A) with an open collector lead,
the collector voltage drops to a very low value. This acts like
a vacuum-tube circuit with an open plate lead, where the plate
voltage drops to zero. In the transistor circuit, however, the
collector voltage may not drop all the way to ground because

OPEN

(A) In an NPN circuit.

BASE

(B) In a PNP circuit. CURRENT

+ 10V

Fig. 6-4. Open collector circuit.

the emitter may still have a slight voltage on it. Collector cur-
rent, of course, stops flowing. But because electrons cannot
flow into the collector circuit, more of them flow into the base
circuit and cause an increase in base current. This base current
flows through emitter resistor R1, and may now cause a read-
able voltage drop across R1—in this instance, 0.1 volt.
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What happens next is quite interesting. As the collector volt-
age drops below the base voltage, the transistor becomes a low
resistance between base and collector. (The collector diode is
now forward biased.) The base-to-emitter diode already had
a low resistance; so now the resistance across the whole tran-
sistor, from emitter to collector, becomes very low. The collec-
tor will take on, or assume, whatever voltage is on the emitter,
leaving no difference between those two elements. This condi-
tion could be caused by open collector transformer L2, open
collector resistor R2, or an open connection in the collector
circuit.

LARGE

BIAS

®

(A) In an NPN circuit.

(B) In a PNP circuit.

+10V
Fig. 6-5. Open emitter lead within the transistor.

The PNP circuit in Fig. 6-4B has a similar defect, causing
all voltages to read almost the same in that stage. However,
since the positive side of the battery is connected to the emitter
through R1, all voltages go in a positive instead of negative
direction.

The emitter voltage goes up slightly because less voltage is
dropped across R1, and the base voltage does likewise because
the base current increases (see the arrows). The collector volt-
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age assumes the emitter voltage because of the low internal
resistance between the emitter and collector elements. Thus,
there is no voltage difference between emitter and collector,
making this a very easy trouble to spot.

Open Lead Inside the Transistor

So far we have learned what happens to voltages when either
the base, emitter, or collector circuits are opened, either by a
defective part or by a broken conductor. A different set of
voltages will be read, however, if one of the leads inside the
transistor should open.

In Fig. 6-5 the emitter lead has opened in the transistor.
The effect of this on the NPN transistor circuit (Fig. 6-5A)
will be studied first. The flow of current through the transistor
stops because the transistor has become an open circuit. Since
the voltage at the emitter was produced by the normal current
flow through emitter resistor R1, the emitter voltage will now
drop to zero. Also, since collector current stopped flowing
through L2 and R2 in the collector circuit, there will be no
voltage drop across them. Collector voltage rises to the full
battery voltage of 10 volts. The base voltage is not affected
much because it is still connected to its voltage divider R3-R4.
This causes a very odd-looking situation; namely, the tran-
sistor has a very high forward bias (0.8 volt) between base and
emitter, but shows no sign of drawing any collector current.
This is very unusual, indeed, because we would normally ex-
pect the transistor to conduct very well with such a large bias.
This leads us to suspect an open lead within the transistor.

The PNP circuit (Fig. 6-5B) demonstrates a similar defect.
The base voltage remains very close to normal because it is
still connected to its voltage divider R3-R4. When the tran-
sistor is open, however, collector current does not flow; so
the voltage drops that were present across the emitter and
collector resistors disappear. This puts the emitter at the same
potential as the supply voltage, or 10 volts. The collector,
grounded through L2 and R2, goes to ground or zero volts.
The important point is that the forward bias measured be-
tween base and emitter is unusually good (0.8 volt); yet the
transistor does not conduct. The reason, of course, is that a
lead is open inside the transistor.

The emitter lead is not necessarily the only one that can
open, although it seems to do so more than the others. If the
base lead opens internally, the indications will be the same as
seen for the emitter. If the collector lead opens, conduction is
low, bias is normal, and the collector voltage goes to its source
potential.



Review of Open Circuits

We have shown what happens to voltages when a lead opens
in either the external circuit or the transistor itself. Now let’s
review these interesting situations.

Fig. 6-6 shows a summary of the most important voltage
changes that took place with each defect. These changes will
tip the troubleshooter off to the part of the circuit where the
trouble probably lies.

WRONG

[

VOLTS
$ o

(A) Open base circuit. (B) Open emitter circuit,

(C) Open collector circuit. (D) Open element within the transistor.

Fig. 6-6. Results of open conditions in a transistor circuit.

When the base circuit opened (Fig. 6-6A), the base element
lost its connection to the voltage divider. This caused an error
in the base voltage when measured’to ground. Also, since the
internal resistance between base and emitter is relatively low
inside the transistor, the floating base element goes very close
to the emitter voltage. This will show up when the voltages
between elements are measured using the emitter as a refer-
ence. The base-to-emitter voltage will read zero. With no bias,
the transistor cannot conduct, which will affect the emitter
and collector voltages. There will be no voltage drops across
the emitter and collector resistors.

The open emitter circuit (Fig. 6-6B) caused a similar set
of conditions, except the base voltage to ground was fairly
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normal. The floating emitter lead, however, takes on the base
voltage because of the low internal resistance inside the tran-
sistor. This causes the bias, when measured between base and
emitter, to read zero, or even slightly reversed from normal in
some instances. (The meter may actually go slightly below
zero when it should be reading upscale.) This condition also
causes the collector current to stop flowing.

The open collector circuit (Fig. 6-6C) caused the biggest
change in collector voltage. In fact, the collector voltage
changed so drastically that the internal resistance of the col-
lector diode (collector-to-base) became very low. This caused
a very low resistance all the way through the transistor, and
the collector and emitter both went to the same voltage. When
the collector voltage is measured with respect to the emitter
voltage, this will show up as a zero difference. Such a condi-
tion is easy to spot because it is so far from normal. Usually,
the collector-to-emitter voltage is the largest one between any
two leads of the transistor. Another condition which will cause
the emitter and collector to have the same voltage is a shorted
transistor. This is a common trouble in power transistor out-
put stages. It will be discussed in a later chapter.

The open lead inside the transistor (Fig. 6-6D) caused a
larger-than-normal voltage between base and emitter, but a
complete loss of collector current. These two conditions show
that something is wrong, because a large bias should normally
produce plenty of current. The lack of collector current will be
evident by the lack of a voltage drop across the emitter and
collector resistors.

Several rules might be made from these observations:

1. If there is a loss of conduction, zero bias, and wrong base
voltage, trouble is in the base circuit.

2. If there is “0” bias with normal base voltage, check for
open emitter resistor (CAUTION: In many oscillator or
converter circuits, it is normal for the bias to be zero or
reversed).

3. If there is no difference between the collector and emitter
voltages, the trouble may be an open in the collector cir-
cuit (or a complete short between emitter and collector;
this usually happens to high-power transistors).

4. If a transistor has a better-than-normal bias voltage but
no conduction, check for an open within the transistor.

Most of these defects had one thing in common—they pro-
duced a decrease in collector current. The next question is,
“What could cause an increase in collector current, and how
will that defect change the voltages?”
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Leaky Transistor

A transistor which develops a partial short between emitter
and collector is commonly called a leaky transistor. It could
be due to a partial breakdown in the transistor, or to excessive
moisture or other contamination trapped inside.

INCREASED
CURRENT

@ (A) NPN circuit.

(B) PNP circuit.

+10V

Fig. 6-7. Effect of a leaky transistor on the circuit.

This is demonstrated in Fig. 6-7. The NPN transistor (Fig.
6-7A) has developed a partial short, causing the collector cur-
rent to increase. The high collector current produces larger-
than-normal voltage drops across the collector and emitter re-
sistors, causing a decreased collector and an increased emitter
voltage. The base, which is tied to its voltage divider, remains
fairly constant. This means the emitter voltage may rise above
the base voltage, causing a reversed bias between base and
emitter. The transistor should be cut off; however, collector
current continues to flow through the leakage path between
emitter and collector.

A signal fed into the stage will be lost because of the wrong
bias polarity between base and emitter, and because the col-
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lector current cannot be controlled. The increased collector
current, without proper bias, leads us to suspect a leaky
transistor.

In the PNP circuit (Fig. 6-7B) a similar defect has occurred.
The partial short between emitter and collector causes in-
creased current and the resulting increase in voltage drops
across R1 and R2. This makes the collector voltages more
positive and causes the emitter voltage to go down. In fact, the
emitter voltage may even swing less positive than the base
voltage and put a reversed bias between base and emitter. The
wrong bias polarity, in conjunction with the increased collector
current, causes us to be suspicious of the transistor.

High leakage is probably the most common defect in small
transistors. Large power transistors usually go ahead and com-
pletely short, once they start to become leaky. Small transis-
tors, on the other hand, very rarely develop a complete short.

Leaky transistors will not always produce a reversed bias
voltage. Mild cases of leakage may cause only a reduction in
the normal bias between base and emitter and in the stage gain.

Short in Base Circuit

Transformers have been known to short between primary
and secondary. Although not a common defect, it has occurred
several times in transistor radios. When it does happen, an
unusual set of voltages is produced.

In Fig. 6-8 for example, the transformer in the base circuit
has shorted. The base voltage of this stage and the collector
voltage of the preceding one go to the same voltage, since they
are shorted together. In our NPN circuit (Fig. 6-8A), this
caused the base voltage to go very high. As a result, the tran-
sistor conducts very heavily. When the collector current goes
up, so does the emitter voltage; meanwhile, the collector volt-
age drops way down from normal. In some circuits the emitter
resistor may open because of the increased current through it.
In most low-power circuits, this will not happen. The signal,
of course, will be lost.

The PNP transistor with shorted base transformer (Fig.
6-8B) will also conduct very heavily if its base voltage is
lowered. Reducing the base voltage on a PNP transistor is like
increasing the base voltage on an NPN transistor—the forward
bias and conduction will increase. This makes all the elements
go closer to the same voltage. In this respect, it somewhat re-
sembles the open in the collector circuit discussed previously.
With an open collector circuit, however, the base voltage re-
mained fairly near normal, whereas now it is far from normal,
indicating trouble in the base circuit.
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Table 6-1 lists some of the typical circuit defects and what
effect they have on the voltages.

The second column in Table 6-1 shows the effect of each
trouble on the transistor current flow (conduction). Note that

SAME
VOLTAGE

(A) In an NPN circuit.

+i0v

INCREASED
CURRENT

(B) In a PNP circuit.

Fig. 6-8. Results of a short between the primary and secondary winding of a coupling
transformer.

all problems except open capacitors or detuned coils upset the
collector current. This change in conduction is a tip-off that
something is wrong in the DC circuit (transistor, coils, resis-
tors, or connections).
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TABLE 6-1.

Common Defects and Their Effects on Voltages

Transistor Bias
Defect Current (B to E) | Other Indications
Open Base Circuit 0 0 Base voltage not
normal
Open Emitter Circuit 0* 0
Open Collector Circuit Low Normal Voltage between
C&Eis0
Open Transistor (173 Hight
Leaky Transistor High Low or
Reversed
Detuned IF Coil Normal |Normal All DC voltages OK
Open Capacitor Normal |Normal All DC voltages OK

* If emitter resistor is open there will be a voltage across it, but voltage
across collector resistor will be zero.

T When base or emitter is open internally. See text for open collector.

The second column shows what happens to the voltage meas-
ured directly between base and emitter (bias). To see the bias,
it is always best to measure directly between those two ele-
ments, not from element to ground. This allows you to use a
lower meter range and to see the voltage more clearly. The bias
measurement tells us whether the transistor is being “told”
to conduct. In the first check (conduction), we learned whether
the transistor was conducting. Now, we are finding out if it is
being “told” to conduct, because transistor conduction depends
on normal bias.

This gives us a new, more complete set of rules which will
be invaluable in troubleshooting transistor amplifiers:

RULE 1—A transistor which is not conducting and not being
“told” to conduct is not at fault, so look for trouble in the
base or emitter circuit. (Examples: See open base circuit
or open emitter circuit in Table 6-1.)

RULE 2—A transistor which is not conducting but is being
strongly “told” to conduct, is probably defective. (Ex-
ample: See open transistor. Check for open emitter diode.)

RULE 3—A transistor which is conducting too heavily and
has low or reversed bias is probably leaky. (Example: See
leaky transistor.)

RULE 4—A transistor which has lower than normal conduc-
tion and normal bias should have voltage between emitter
and collector checked. If zero, collector circuit is open (see
open collector circuit). If E to C voltage is normal or
slightly high, the collector diode of the transistor may be
open (see chapter on Transistor Testing).
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RULE 5—A transistor stage which has all normal DC con-
duction but doesn’t amplify properly, probably has an
open capacitor or detuned coil.

Open Capacitors and Defective IF's

Open capacitors and detuned coils generally have no affect
on the DC voltages, as discussed in the last chapter. Hence,
once the trouble has been isolated to a stage, and if the voltages
all check normal, it would be well to suspect a detuned coil
or open capacitor. IF coils which change the radio volume
when tapped or heated, or those which do not peak properly,
should be replaced. Likewise, if the volume is increased when
a capacitor is bridged with a good capacitor, the bridged capaci-
tor should be replaced.

Shorted Capacitors

The effect of a shorted capacitor depends on its location in
the circuit. Leaky or shorted “A” line electrolytics usually
decrease all stage voltages and greatly increase the battery
current drain. They also may cause motorboating or fluttering
and a slight dip in “A” voltage with each flutter.

Electrolytic coupling capacitors, which couple the signal
from one stage to another, can usually be spotted easily if they
short. Since they are usually connected into the base circuit
of a stage, the base voltage will be thrown way off when they
short. Also, the voltage across the capacitor will measure zero,
or much less than it should.

Other bypass capacitors, such as emitter and collector by-
passes, seldom short. Most shorted capacitors are confined to
the electrolytic type. However, a shorted capacitor in the emit-
ter or collector circuit would be very easy to spot because of
the voltage reading there.

SAMPLE DEFECTS IN ACTUAL CIRCUITS

Now it is time to apply all of this information to an actual
radio circuit. The ones we will discuss are taken from a typical
transistor radio containing both NPN and PNP circuits.

NPN Stage Defects

Trouble examples in the NPN stages will be discussed first.
These stages were shown in Fig. 5-9.

Trouble: Shorted 1st IF base capacitor C2 (10 mfd).
Result: Base and emitter voltages drop to zero, and the
2N253 transistor stops conducting. This causes the



collector voltage to rise. The stage is very weak or
is dead because there is no bias.
Trouble: Open emitter resistor R5 (100 ohms).

Result: The stage is dead because no current can flow. The
emitter voltage rises to the base voltage or slightly
above, resulting in no forward bias between the
base and emitter. The collector voltage rises be-
cause the collector current has stopped.

Trouble: Open printed wiring between the 2N253 collector
and the 7.5-ohm IF coil winding in L4.

Result: Collector current stops flowing. The emitter volt-
age therefore drops to an unreadable value near
zero. The collector voltage drops to the same value
as the emitter voltage, and there is no difference
between collector and emitter. The base voltage
remains near normal. The stage is dead.

Trouble: “Leaky” 2N254 transistor in the second IF stage.

Result: The collector current goes up, and the emitter
voltage rises accordingly. The emitter voltage may
rise above the base voltage, since the latter stays
fairly constant. The collector voltage drops only
slightly because the resistors in series with the col-
lector are small (7.5 ohms in coil L5 and 220 ohms
in resistor R18). The collector voltage will decrease
by about 0.2 volt for each 1 milliampere of in-
creased current. The stage will be either weak or
dead, depending on how leaky the transistor be-
comes.

Trouble: Open capacitor across primary of IF coil L5.

Result: Very weak second IF stage, with no change in
voltages. The slug in IF coil L5 will not peak the
IF. Also, if this is an intermittent open capacitor,
the radio will probably kick in when the IF can
is moved or tapped, or when its lugs are heated
with a small iron.

Trouble: Open secondary lead in IF coil L4, between the
2N254 base connection and voltage divider R7-R8.

Result: The 2N254 base voltage reads zero, the collector
current decreases, and the emitter voltage reads
zero. The collector voltage increases only slightly,
not enough to be noticeable (about 0.1 volt). Be-
cause of the loss of bias, the signal is lost.

PNP Stage Defects

The next group of troubles refers to the PNP circuits, which
were shown in Fig. 5-15.
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Trouble:

Result:

Trouble:
Result:

Trouble:

Result:

Trouble:

Result:

Trouble:

Result:

Open connection at the 1.2-ohm oscillator feedback
coil, causing the collector circuit of the 2N252 con-
verter to open.

The collector voltage rises to assume the emitter
voltage, which also rises. Conduction is low and
zero voltage is read between collector and emitter.
The base voltage also rises a little because of the
increased base current (but it would still be con-
sidered within normal limits). The stage is dead,
and the oscillator fails to oscillate.

Open 7.2-ohm oscillator-coil winding.

The oscillator does not oscillate and cannot be
heard in a nearby receiver. The voltages on the
2N252 converter read mormal, except when the
following test is made: When a voltmeter is set
on the lowest DC scale and connected across the
base and emitter leads, the 0.2-volt bias will not
change as the variable capacitor is tuned across
the band. The radio stage will pass noise signals
easily, but no station signals will be heard.

Open base lead inside the 2N252 converter tran-
sistor.

The base voltage (at the transistor socket or solder
terminal) will be fairly normal. The emitter volt-
age will be high (probably above 8 volts) because
of loss of conduction through emitter resistor R4.
This makes a very high forward bias voltage when
measured between base and emitter. The collector
voltage stays at zero. The stage is dead for all sig-
nals, and the oscillator does not oscillate.
1,000-ohm resistor R14 in the 2N403 driver stage
has a poor solder joint, making it effectively open.
The base voltage reads about 7 volts. The floating
emitter in the transistor “assumes” about the same
voltage through the relatively low internal resist-
ance of the emitter diodes, resulting in a loss of
bias. With no collector current flowing through the
440-ohm transformer winding, the collector voltage
goes to zero or ground. Audio signal is lost.
Shorted emitter bypass C4 (40 mfd) in the driver
stage.

The 2N403 emitter voltage drops to zero, the tran-
sistor cuts off, and the collector voltage therefore
drops to zero also. The shorted capacitor causes
about nine more milliamperes of current to be
drawn through resistors R14 and R18 and, as a re-
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sult, an additional voltage drop of about two volts
across R18. Since R18 is in the “A” line, the 8.3
volts on this line is reduced to roughly 6.3 volts.
This makes the voltages in some of the other stages
appear low, and also points out the advantage of
properly isolating the trouble in the beginning.
The big tipoff here is that the battery current will
read 16 or 17 milliamperes, instead of the normal
7 or 8 for this radio. This would lead us to suspect
a shorted electrolytic in the very beginning, and
the inability of the stage to pass an audio signal
would steer us to the audio section.

AM-FM Stage Defects

The same principles apply when checking AM-FM circuits;
for example (refer to Fig. 4-1):

Trouble: Intermittent RF transistor in the FM tuner.

Result:

Trouble:

Result:

In most cases, transistors which cause a radio to
cut out intermittently have a bad connection on
one of the leads internally, usually the emitter. This
would cause the conduction to stop, and zero volt-
age across emitter resistor R3. Also, bias would be
higher than normal. Since only the FM signals
are affected when this happens (AM is normal),
this leads you to suspect the FM tuner section of
the radio.

Special Note: Transistors which exhibit this type
of defect are often sensitive to a small amount of
heat. The heat from a portable hair dryer (about
140°F) is safe, but do not use a soldering iron.
Open IF transformer (either AM or FM) in one of
the dual purpose stages.

Since the AM and FM-IF transformers are con-
nected in series, if either one opens the radio will
be dead on both bands. After checking the audio
system and finding it normal, conduction is checked
in each of the dual purpose IF stages. The open coil
will cause the conduction reading to be either low
or zero, depending on which side of the coil is
open. If a primary winding is open, one of the tran-
sistors will have an open collector circuit. (Low
conduction, normal bias, and no voltage between
emitter and collector.) If a secondary winding is
open, an open base circuit for one of the transistors
will result (zero conduction, no bias).



CHAPTER 7

Testing Transistors

There are many types of transistor tests. Transistor testing
actually begins with stage isolation and voltage checks, because
a high percentage of defective transistors will cause one or
more faulty voltages in the stage.

By defective transistor we mean one far enough from its
normal ratings to cause the customer to complain. Since this is
a practical manual we are not concerned with borderline cases
—where a transistor has lost a db or two of its gain, but the
effect in the receiver cannot be heard. To find such defects
requires laboratory-type equipment, and they are not of in-
terest to the average service technician anyway. Thus, the
use of a common ohmmeter for transistor testing will be
stressed in this chapter.

Transistor tests can be either dynamic or static—that is,
made under actual operating conditions, where AC signals
are fed in and the results measured; or strictly DC tests, which
measure the ability of the transistor to respond to a simple
battery current.

One form of AC signal test is substitution, where the sus-
pected transistor is replaced in an effort to determine if the
new transistor does a better job. In this test the station signal
is the test signal: if it shows an improvement in the speaker,
the original transistor is assumed to be defective. There are
several disadvantages to the substitution test, especially if the
transistor is soldered into the circuit and hard to reach. There
is also the increasingly difficult problem of having each type
of transistor available in the shop, plus the “detuning” action
that a new transistor might have on a tuned circuit because
of the difference in internal impedance. This detuning action
on an IF transformer is not usually too serious if, for example,
only one transistor is changed. But when substitution is being

129



tried in several stages in the receiver, the tendency is to leave
the new transistor in the radio and put the old one back in
stock. If this is done in two or three stages before the defect
is found, several circuits may be detuned, resulting in sub-
standard sensitivity and performance.

So, if the substitution method is to be used, there is a great
advantage in isolating the trouble to the proper stage first.
Voltages should also be measured in the suspected stage or
stages to make certain the trouble is not due to another de-
fective component or to a poor connection.

Another form of dynamic, or AC, test is to remove the
transistor from the receiver and place it in a dynamic tester.
This type of tester usually contains a transistor amplifier or
oscillator circuit into which a prescribed amount of signal in-
put is fed. The transistor is then plugged into the tester and
its characteristics noted by the output produced. This type of
test, of course, is most accurate if the circuit in the tester
is the same as the one in the receiver. Also, for a more accu-
rate test the input signal used with the tester should be nearly
the same as the signal fed to the tranmsistor in the radio.
Because this tester is usually quite expensive, it is generally
used only with design work in the laboratory.

DC TESTS

Testing transistors by simple DC tests is the more popular
method. Although not always perfect, the DC test does catch
a high percentage of the defects occurring in transistors after
they reach the field.

DC testing can be done in several ways. There are fairly
inexpensive testers on the market. One of the first ones, in-
troduced several years ago, tested only small, low-power tran-
sistors, principally the RF and IF types. Later, provisions were
added for testing power transistors. Most DC testers read leak-
age and DC gain. They consist of a current meter, plus some
resistors and self-contained batteries. The transistor usually
must be removed from the circuit before it can be tested.

Almost every electronics technician owns one piece of equip-
ment which contains a current meter and some resistors and
self-contained batteries. In fact, it is usually the first piece of
test equipment purchased for all-around shop use. We are re-
ferring, of course, to the popular VOM (volt-ohm-milliam-
meter) which has several voltage, current, and resistance
ranges. The ochmmeter is actually a battery and ammeter in
series, with several values of resistors for selecting the vari-
ous multiplier ranges. Here, then, is an excellent DC tran-
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sistor tester, provided it is used properly and its limitations
are understood.

So those who have said to themselves, “I can’t test transis-
tors because I don’t have a tester,” may have had one staring
them in the face and didn’t know it. Most modern VOM’s or
VIVM’s (vacuum-tube voltmeters) can be used for making
several DC checks of the transistor.

This does not mean regular transistor testers are not recom-
mended; on the contrary, they are usually quite convenient.
But since instructions are furnished with these instruments,
it would serve little purpose to cover their operation in detail
here. On the other hand, little has been written about transis-
tor testing by ohmmeter. Moreover, existing shop equipment
should be employed whenever possible.

TESTING TRANSISTORS WITH AN OHMMETER

Several tests can be made with an chmmeter. The one used
in our tests had 1.5 volts at the ohmmeter leads (measured
with a separate voltmeter).

Possible tests include one for open leads, a check of both
diodes, and a leakage, gain, and transistor identification test.
The last test simply tells whether the transistor is a PNP or
an NPN unit.

Since they are all DC tests, the gain checks will have very
little meaning for RF and IF transistors, which operate at the
higher frequencies. The audio gain test, however, will give an

Fig. 7-1. Checking a transistor with an ohmmeter.
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indication of the amplifying ability of audio transistors, be-
cause these operate at lower frequencies, which are closer to
the DC end of the spectrum.

Most tests must be performed with the transistor removed
from the circuit, as shown in Fig. 7-1, except when checking
for open internal leads.

Ohmmeters used to gather data for this book were VIVM’s
containing a 1.5-volt battery, or VOM’s in the 20,000-ochms-per-
volt class. Older VOM'’s rated at less than 20,000-ohms-per-volt
may not be satisfactory.

Most VOM’s have an R X 10,000 range, usually their highest
ohms range. Depending on the make of the meter, from 7.5 to
30 volts can be switched into the circuit on the R X 10,000
range. Needless to say, voltages above its maximum voltage
rating could immediately damage the transistor. Therefore, this
range should not be used.

On the lowest ohms range, such as the R X 1, it is current,
not voltage, that must be considered. Most ohmmeters are
capable of sending out 100 milliamperes of current on that
range. To check, simply turn the chmmeter to the R X 1 range
and connect a separate milliammeter across the ohmmeter
leads. The current will probably read 100 mils. This means a
transistor with a very low diode resistance might draw close
to 100 mils when being checked on the ochmmeter. Therefore,
the R X 1 scale should not be used for checking RF and IF
transistors. This scale is reserved for audio power and some-
times for audio driver transistors, as will be discussed later.

Except for these precautions, the ohmmeter is a very safe
instrument for most transistor devices.

IN-CIRCUIT TESTS

Checking for Open Leads

One of the few ohmmeter tests that can be made with the
transistor still mounted in the circuit is for an open lead in
the transistor.

If the voltages at its elements indicate that the transistor
may have an open lead, the radio is turned off and the ohm-
meter is used. We know that NPN and PNP junction tran-
sistors contain two diodes, as shown in Fig. 7-2A. The base
element in the center is common to both the emitter and the
collector diodes.

We also know that if the ohmmeter leads are placed across
a diode in one direction, a relatively low resistance will be
read, whereas in the other direction the resistance will be
higher. This is true if the diode is functioning properly and one
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of the leads is not open internally. However, will this check
still work with the transistor mounted in the circuit? The an-
swer is yes, it will still work in most circuits, although the
front-to-back ratio (the difference between the low and the
high reading) will not be as great. The low reading, obtained
when the ohmmeter biases the diode forward, should still be
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Fig. 7-2. An in-circuit test for an open emitter.

low even though the transistor is in the circuit. But the high
reading, which represents the reverse (back) bias, probably
will not be as high as normal because of the resistors in the
circuit.

This can be clearly seen from Fig. 7-2B. The ohmmeter is
measuring the resistance of the emitter diode, but note that
L1 and R3 are also connected across the ohmmeter. Depend-
ing on their values, the high reading will be reduced from what
it would be if the transistor had been removed. However, if
the proper scale is used, the resistance should change somewhat
when the ohmmeter leads are reversed. The R X 100 scale is
suitable for most small transistors, and the R X 1 scale, for
large power transistors.

Let’s assume the transistor in Fig. 7-2B is good and is
mounted in an IF stage. On the R X 100 range, the chmmeter
probably will read 300 to 500 ohms in one direction and over
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2,000 ohms in the reverse direction, depending on the value
of R3. The exact readings are not important, as long as they
are fairly low in one direction, and are higher when the ohm-
meter is reversed. For a germanium transistor the low reading
should be under 500 ohms; for a silicon transistor, it should
be under 1,000 ohms. The high reading in most circuits should
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Fig. 7-3. An in-circvit test for an open collector.

be at least twice the low reading. Had the base or emitter lead
in Fig. 7-2 been open in the transistor, the reading would prob-
ably be above 2,000 ohms in both directions (assuming R3 is
at least 2,000 ohms). Failure to get a fairly low reading (less
than 1,000 ohms) in one direction would lead us to suspect
an open lead.

In Fig. 7-3 the same check is being made on the collector
diode. The meter is placed between base and collector, and
the reading is noted. Then the meter leads are reversed and
again connected between the base and collector. There will be
a noticeable change in resistance if the transistor leads are
not open and the proper chmmeter range is used. All but high-
power transistors are generally checked on the R X 100 scale,
as before. As in checking for an open emitter, the low reading
for a germanium transistor will be under 500 chms and the high
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reading at least twice the low reading. For a silicon trans-
istor, the low reading should be under 1,000 chms.

There are exceptions when this test will not work with the
transistor mounted in the circuit. In some portable-radio out-
put stages, for example, the emitter diode may show a low
reading in both directions of the ohmmeter leads. Also, power
transistors in audio-radio output stages will show very low
resistances because of the shunting effect of circuit resistors,
even on the R X 1 scale. However, as long as these exceptions
are kept in mind, there should be no confusion. The fact that
both readings are not high usually indicates the transistor leads
are not open.

Checking for Leakage and Shorts

Ohmmeter tests for emitter-to-collector leakage cannot be
made with the transistor mounted in the circuit because all
transistors will appear leaky or partially shorted. They can
be checked for complete shorts; however, there are very few
“zero ohm” shorts except when a power transistor fails. In
checking for a complete short, the same scales are used—R
X 100 on small transistors and R X 1 on power transistors.
When connected into an output stage, power transistors will
normally read very low in resistance. Even on the R X 1 scale,
it will be as low as 2 to 5 ohms in some circuits. A complete
short, of course, will produce zero ohms in both directions of
the ohmmeter leads.

One might ask, “How can I check for partial shorts between
the emitter and collector without removing the transistor from
the circuit?” The best method is to read the voltages and to
thoroughly understand what produces them. (See Chapters 5
and 6.) Leaky transistors will probably draw excessive col-
lector current, and this will affect the emitter and collector
voltages. If the voltage readings are taken before the transis-
tors are removed, much time can be saved.

OUT-OF-CIRCUIT TESTS

Checking a Transistor Diode

Checking for diode action with the transistor removed from
the circuit is quite simple. It is performed in the same manner
as before, except that no circuit resistances are involved.
Therefore, a much higher front-to-back ratio is obtained.

The back, or reverse, reading is generally very high when
read on the recommended range of the ohmmeter. The front,
or forward, resistance reading is generally about the same as
when the reading was taken in the circuit.
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Selecting the Proper Range

To perform this test, first set the chmmeter on the proper
range. For small, low-power transistors like those in RF, IF,
or converter stages, the R X 100 range is recommended. (If
the ohmmeter does not have an R X 100 scale, R X 1,000 can
be used for out-of-circuit checks. On in-circuit tests, the R
X 1,000 range makes the resistance read too low.)

For small audio transistors, such as the driver or output
transistors in portable radios and the driver transistor in auto-
mobile radios, the R X 100 scale is also recommended for the
diode check.

Large power transistors like those in the output stage of
automobile radios or hi-fi amplifiers can be checked on the
R X 10 or R X 100 scale, but never on a higher one. Higher
scales make the diode appear shorted. Remember that we are
now assuming the transistor being checked has been removed
from the circuit. Power transistors must also be allowed to
cool to room temperature before being checked.

Here is a summary of the recommended ohmmeter ranges
for checking transistor diodes which have been removed from
the circuit:

Low-power RF and IF types—R X 100

(or R X 1,000 if R X 100 is not available.)
Small audio driver types—Same as above
Large power transistors—R X 10 or R X 100.

FRONT TO
BACK RATIO

Rx100
JOHMS

(A) Between the base and emitter.

FRONT TO
BACK RATIO

(B Between the base and collector. Rx 100
o OHMS ¢

Fig. 7-4. Checking the front-to-back resistance ratio of a transistor.
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Performing the Diode Test

After removing the transistor from the circuit and selecting
the proper scale, connect the ohmmeter leads between the base
and emitter, as shown in Fig. 7-4A. Observe the reading, and
then reverse the meter leads, placing them across the same two
transistor leads. Again observe the reading. One reading should
be rather high and the other fairly low, indicating a good front-
to-back ratio.

The same test is then performed on the other diode section
by placing the leads between the base and collector, as shown
in Fig. 7-4B. The base lead, of course, is common to both diodes,
so it is used during both tests. In Fig. 7-4A the emitter diode
of a small RF or IF transistor is being checked, and in Fig.
7-4B the collector. Note that the R X 100 scale is used.
Note also that the highest reading on both diodes is completely
at the high-resistance end of the scale. This is quite typical
for small transistors, which should have a very high reading
on each diode in the reverse direction. In fact, don't be
surprised if the meter needle doesn’t budge from the high-
resistance end of the scale—it does not mean the diode is open.
However, when the ohmmeter polarity is again reversed, the
resistance should be much lower. If a low reading cannot be
obtained in one direction of the ohmmeter leads, then it is
safe to assume one of the transistor leads is open.

Small transistors, including RF, IF, and audio driver types,
usually show a very high reverse diode reading and a forward
reading of less than 1,000 ohms (less than 500 ohms for
germanium).

Large power transistors usually have a reverse reading of
5,000 ohms or higher and a forward reading of less than 100
ohms for each diode.

A summary of these normal transistor diode readings is
shown in Table 7-1.

Ohmmeter Battery Polarity and Voltage
The common, or ground, lead of some ochmmeters does not
always have negative voltage on it. The ground may actually
be positive and the probe lead negative because of the way the
internal battery is connected when the meter is switched to
read ohms. However, this makes no difference in our tests
because we are simply checking for a resistance change when
the lead polarity is reversed. This is mentioned at this point
merely because some technicians may purposely connect their
meter in the forward direction across a diode—plus lead to
P-type and ground lead to N-type material-—and expect to get
137



TABLE 7-1.

Normal Transistor Diode Readings

Forward Reverse
Transistor Type Scale Used Ohms Ohms
RF, IF, Audio Driver R x 100 Below 1,000 | Very High*
(Silicon)
RF, IF, Audio Driver R X 100 Below 500 Very High*
(Germanium)
Large Power Unit RXx10 Below 100 Over 5,000
or
R x 100

* It is not necessary to read the actual value of ohms. The highest range
of VOM’s is not used because from 7.5 to 30 volts may appear across the
leads on that range.

a low reading. The reading will depend on the meter design
and whether the plus lead actually is positive.

Those interested in finding out which way their ochmmeter
is designed can simply connect it to a separate voltmeter, the
two common and two probe leads being connected together as

VOLTS OHMS )
z + tRug Fig. 7-5. Checking the ohmmeter lead

p
polarity.
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shown in Fig. 7-5. If the voltmeter reads upscale, the positive
lead is actually positive and the common lead is negative. If
the voltmeter reads below zero, however, the chmmeter is of
the opposite polarity. (This would be a good time to find out
if your chmmeter has the conventional 1.5 volts when switched
to the R X 1 range.)

Checking the Emitter-to-Collector Leakage

The resistance between emitter and collector is often re-
ferred to as the leakage resistance.

The leakage test is made with the transistor disconnected
from the circuit and the chmmeter connected between emitter
and collector; the base lead is not used and is therefore left
open. Because the base lead isn’t connected to anything, this is
sometimes called an open-base test—a confusing term because
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it sounds as if the transistor is being checked for an open lead,
which isn’t true. Open leads are found by checking the tran-
sistor diodes, as discussed previously.

The amount of resistance between emitter and collector de-
pends on the following:

(1) Transistor Type—In this book we are concerned only
with junction transistors. However, there are many
different processes used to build junction transistors,
making the leakage resistances vary tremendously.

(2) Gain—Has less effect on the leakage reading than the
transistor type. However, it does have some effect, which
is one reason a definite leakage value cannot be assigned
to each transistor.

(3) Amount of Contamination—The more a transistor is
contaminated by moisture or other unwanted impurities,
the poorer the showing on the leakage test, compared
to other transistors of the same type and gain.

(4) Condition of Base Area Between Emitter and Collector
—If subjected to too much current, the transistor may
have a broken-down area between the emitter and col-
lector. The leakage test will therefore be very poor
because the transistor will appear totally or partially
shorted.

(5) Transistor Temperature—The hotter the transistor, the
lower its resistance between emitter and collector. There-
fore, the leakage test should be performed only at room
temperature, when the transistor is cool to the touch.

(6) Type of Ohmmeter—OQur checks were taken with ohm-
meters employing a 1.5-volt battery,

Selecting the Ohmmeter Range

When checking the transistor for leakage, be sure to use the
proper range.

Since power transistors normally have the lowest resistance,
the R X 1 scale must be used with them. Even then, the tran-
sistor may appear to be almost shorted unless it is disconnected
from the circuit and cooled to room temperature.

With RF and IF types, the R X 100 or R X 1,000 scale can
be used. Audio driver and other small transistors are checked
on the R X 10 or R X 100 range.

In summary:

Low-power RF-IF types—R X 100 or R x 1,000
Audio driver types—R X 10 or R X 100
Large power transistors—R X 1
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Performing the Leaokage Test

The leakage test is a very simple one. After removing the
transistor from the circuit and letting it cool, place the ohm-
meter between the emitter and collector, as shown in Fig. 7-6.
(The base lead is left open and is not used during the test.)

Note the reading; then reverse the ohmmeter leads and read
the leakage resistance again. We are not interested in finding
the front-to-back ratio. In fact, the resistance does not have
to change at all. The important thing is that the resistance must
not be “0,” because that would indicate a shorted transistor
provided the proper chmmeter range was used. The mistake
most often made is to measure a power transistor on some
range other than R X 1. This will make a good unit appear to
be shorted. '

If the transistor is not shorted, the next most important
consideration is whether the reading is fairly steady or not.
This is more important than the actual value of resistance.
For normal units, the leakage resistance will hold fairly steady
and will not “drift” quickly after the meter is connected. A very
slow, steady drift which covers a period of several minutes is
not to be concerned about, since it is probably due to tempera-
ture changes within the transistor.

Typical Leakage Readings

In the foregoing tests it is assumed that the transistor is
removed from the circuit. In the circuit, you can check for a
dead short between emitter and collector, but that is all. Out of
the circuit, small transistors measure anywhere from 100 ohms
to almost infinity, depending on the particular transistor. Some
of them measure so high on the R X 100 range that they appear
to be “open,” but don’t worry about this. Assuming that the
transistor has passed the “diode” checks, it cannot be open.

TRANSISTORS REMOVED
/ FROM CIRCUIT \

c
@ - ° &/
Rx | OHMS
'.OHMS' ° Rxl P

(A) RF-IF type. (B) High-power audio type.
(Over 100 ohms.) (Over 10 ohms.)
Fig. 7-6. Testing a transistor for leakag
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Typical power transistors will measure anywhere from 10 ohms
to 500 ohms between emitter and collector, on the R X 1 range.

Summary of Leakage Tests

When the resistance between emitter and collector is “0,” or
when it changes or “drifts” quickly after the ohmmeter is
applied, the transistor is considered to be defective.

The limits are difficult to set because so many things influ-
ence the readings. But by using the “guide-lines” given here,
the troubleshooter can quickly confirm what he already sus-
pects from the conduction, bias, and other voltage readings.

Power transistors generally measure lower leakage resist-
ances than small transistors and must be measured on the
R X 1 range.

CHECKING TRANSISTOR GAIN

DC gain tests, such as with an chmmeter, mean very little
for RF and IF transistors. For audio units, however, a fairly
good estimate of their amplifying ability can easily be made.
We will begin, therefore, with the audio gain test.

Even this test is not used too often. Experience has shown
that transistors which suffer gain breakdowns will almost
always have a bad diode or suffer from a leakage defect; so
they will be caught during previous tests. Very seldom does a
transistor have a noticeable gain problem without one of the
other defects, assuming it at one time worked normally.

Our simple gain test will mean little if the transistor is leaky
or has bad diodes. Hence, these tests should always be made
first.

For gain checks, it is important to know the voltage and
polarity on the chmmeter leads. As stated before, the common
lead is actually connected to the positive side of the internal
battery in some ohmmeters.

Audio Gain Test

To check the gain of a PNP power transistor, set the ohm-
meter on the R X 1 scale. Connect the lead which has the
negative voltage on it to the collector, and the positive lead
to the emitter (Fig. 7-TA). (This is the polarity used on a
PNP transistor when in the circuit.) The amount of leakage
should be well over 10 ohms, as described in the leakage test
instructions.

Now connect a 1,000-ohm resistor in series with a switch,
between the base lead and the collector or case of the tran-
sistor, as shown in Fig. 7-7B.
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When the switch is closed, the resistor brings a small nega-
tive bias to the base lead from the ohmmeter battery, causing
the transistor to conduct more heavily. As a result, the
resistance decreases between the emitter and collector. This

LEAKAGE
T3¢ :
e \) (A) The leakage test.
\\ OHMS (Above 10 ohms at room temperature.)
» Rxl o

LEAKAGE

GAIN

(B) The gain test.
(Should cause a decrease in resistance.)

Fig. 7-7. Testing the gain of an audio transistor.

decrease, which is read on the ohmmeter, means more current
is being conducted. In general, the lower the resistance reading
after the 1,000-ohm resistor is switched into the circuit, the
higher the transistor gain. Typical resistance readings for power
transistors are from 5 to 40 ohms.

One major precaution when performing the test in Fig. 7-7B
—if the ohmmeter does not show a lower resistance after the
1,000-ohm resistor has been connected, reverse the chmmeter
leads and try again. Reversing the leads will prevent any con-
fusion due to the wrong ohmmeter lead polarity. (The wrong
polarity will not put the proper bias on the transistor base.)

Although, a transistor which measures 7 to 15 ohms prob-
ably has a higher gain than one which reads 30 ohms, it will
not necessarily work any better in the circuit. A circuit de-
signed for a lower-gain transistor may be unstable, and may
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even oscillate or motorboat if an extremely high-gain unit is
substituted.

Small audio driver transistors may be checked for DC gain
in a similar manner. However, they should have a maximum
power rating of at least 75 milliwatts; otherwise, the transistor
may be damaged. Also, the ohmmeter being used should not
have more than 1.5 volts at the leads.

Audio transistors which read over 50 chms on the gain test
are usually very low-gain units, but this does not mean they
will not work in certain circuits. Transistors in power supplies
or switching circuits, for example, are often purposely pro-
duced with very low gain.

Two different audio transistors which measure very close
to the same resistance during the leakage test (and also during
the gain test) are usually pretty well matched. If both tran-
sistors measure within 209 of each other, the match is very
good, and 30% is usually passable.

RF-IF Gain Test

As stated previously, the RF-IF gain test means very little
and therefore is seldom used. RF and IF transistors often per-
form in a completely different manner in the circuit than they
did during the DC gain test.

The R X 100 scale is used, and the transistor is first checked
for leakage and a good diode ratio. Then the same procedure
described for the audio gain test is used, except the meter is
left on the R X 100 range, and the 1,000-ohm resistor is re-
placed with a 10,000-ohm resistor.

If the transistor is a PNP type, connect the negative lead to
the collector and the positive lead to the emitter. Then connect
the 10,000-ohm resistor between the base and collector. The
resistance on the ohmmeter should immediately decrease. If
it doesn’t, reverse the ochmmeter leads, which may have been
of the wrong polarity. NPN units require a positive voltage
on the collector and a negative one on the emitter.

The resistance read on the chmmeter will almost always be
less than 5,000 ohms—typical values being from 500 to 4,000
ohms. Although the low values mean a high DC gain, the
signal-amplifying ability will not necessarily be high.

IDENTIFYING TRANSISTOR TYPES

If the polarity of the ohmmeter battery is known, the tran-
sistor can be identified as an NPN or PNP unit. Place one lead
of the meter on the collector and the other on the base (Fig.
7-8A), using the same range as for checking the front-to-back
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ration of a diode. Then reverse the ohmmeter leads and check
the collector diode again, noting which lead polarity gave the
lower reading.

The lowest resistance will be obtained when the ochmmeter
lead polarity matches the internal polarity of the transistor.
In other words, when the Negative voltage is placed on the N
material and the Positive voltage on the P material, a low

["Cow |

READING
—_
OHMS
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(A) Connections indicating NPN type.

(B) Connections indicating PNP type.

Fig. 7-8. Method of determining the transistor type.

reading will be obtained. So, for an NPN transistor (Fig. 7-8A),
the low reading will be obtained when the negative lead is on
the collector and the positive lead is on the base. For a PNP
transistor (Fig. 7-8B), just the opposite is true.

The same check could be made on the emitter diode, between
the base and emitter.

Another way of stating this makes it easy to remember:
When either diode is biased forward, the polarity connected to
the base lead is the middle letter in the transistor type, such
as NPN or PNP. So, a glance at the meter leads will tell which
type the transistor is.

But remember that some meters are actually plus on the
common lead and minus on the positive lead because of the
internal battery connections. One example of this “reversed”
polarity is the Triplett Model 630.

SUMMARY OF OHMMETER TESTS

Several transistor tests can be made with an ohmmeter.
These are not foolproof tests, but they will help to confirm
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what is already suspected by the conduction and bias voltage
checks.

Transistors can be checked for:

L
2.
3.
4.
5.

Open leads

Shorts

Low-frequency gain

Polarity type (NPN or PNP)
Construction type (germanium or silicon)

Important points to remember when using the ochmmeter to
check transistors are:

1.

2.

Ohmmeter Range (small units)—Use the R X 100 range
for most tests on small transistors.

Ohmmeter Range (large units)—Use the R X 1 range for
most tests on power transistors.

. Temperature—Power transistors will appear shorted if

checked when hot. Allow to cool to room temperature.

. Transistor Diodes—When checking between the base and

one of the other elements, a low reading should be ob-
tained with one direction of the meter leads (below 500
ohms for germanium units; below 1000 ohms for silicon
units). Also, the ratio between the low reading and the
high reading should be at least 2:1.

. Transistor Leakage—The resistance between the emitter

and collector is called the “leakage” resistance. This re-
sistance varies considerably because of the different manu-
facturing processes; no definite limits can be given. Watch
for complete shorts and a quick drift toward a short as
the meter is applied.
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CHAPTER 8

Troubleshooting AM
Automobile Radios

Transistors are ideally suited for auto radios. The low-voltage
DC power supply (car battery) is already present, and because
transistor radios draw less current than tube sets, the drain on
the battery is kept to a minimum.

Transistors did not replace tubes in these radios all at once.
Instead, it was a gradual process. The part-tube, part-transistor
radios were called “hybrid” sets. The power output tube was
first replaced by a power transistor, and millions of these 4-tube,
1 transistor radios were produced in the late 1950’s and early
1960’s. Actually, three engineering achievements teamed to-
gether to provide a perfect blend between tubes and transistors:
(1) the development of the transistor itself, (2) the change from
a 6-volt to a 12-volt automobile ignition system, and (3) the
design of a vacuum tube which required only 12-volts on the
plate for efficient operation.

With these developments, it was possible to eliminate the
high voltage power supply and its troublesome and bulky
components—rectifier tube, vibrator, and power transformer.
The cost saving permitted the use of a power transistor, even
though transistors were much more expensive than tubes at
that time. Then, in 1962, more efficient and moderately priced
RF transistors were available, so most auto radios became all-
transistor sets. By 1963, practically no tube models were being
produced. Troubleshooting the transistor car radio follows the
same principles learned previously. The problem is first local-
ized to one section of the radio, then certain voltages are read
to pinpoint the defect.

SCHEMATIC FAMILIARIZATION

A typical auto radio diagram is shown in Fig. 8-1. For study
purposes, some of the bypass capacitors have been eliminated,
but a complete auto radio schematic will be shown later.
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What do you notice about this schematic? First of all, it is
very similar to the first transistor radio schematic studied (see
Chapter 3). One additional stage—the RF stage—has been
added, but otherwise, the auto radio contains the same num-
ber and type of stages.

There is one other difference in the way the car radio is
tuned. Notice the three dotted lines and arrows shown with
coils L1, L2, and L3. They represent tuning cores, or slugs,
which are located inside each coil. The slugs are all mounted
on a common bar, which moves as the radio is tuned. This
changes the inductance of the coils and tunes the auto radio.
Formerly, tuning was done by variable capacitors (as in home
and portable radios) but, due to vibrations experienced in
automobiles, the more stable inductive tuning has been prac-
tically universally adopted in auto radios. Small trimmer (or
padder) capacitors are connected across each coil for align-
ment purposes.

Again, the radio should be mentally divided into blocks
(Fig. 8-2) for troubleshooting purposes. Each block represents

ANT.

3 SPEAKER
I
!
AUDIO
RF [ CONV. IF ORIVER [ ouTPUT

Fig. 8-2. Block diagram of the receiver in Fig. 8-1.

a transistor or diode and its associated components (resistors,
coils, and capacitors).

What else can we determine about this radio by a quick
glance at its schematic?

1. That the radio uses all PNP transistors.

2. That all transistors are of the germanium type (germa-
nium amplifiers require .2 volt bias, silicon amplifiers .6
volt, except converters).

. That the IF frequency is 262 kec.

. That the audio stages are transformer coupled.

. That the radio requires an 8 to 10-ohm speaker.

. That the radio operates on a car battery voltage of 12 volts
(14 volts with generator running).

7. That the RF and IF stages are controlled by AGC (auto-

matic gain control).

8. We can also see how to check the conduction (current

flow) of each transistor.

(=23 )
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Since Step 8 is the most important test available to the
troubleshooter (along with bias), it will be stressed as we get
into pinpointing the troubles. But first, let’s turn this radio on
and see if we can localize the trouble with our listening checks
and expert personal observation.

TRACKING DOWN THE TROUBLES

Naturally, we want to find out as much as we can from the
owner as to how the radio acted and what he doesn’t like
about it. Unfortunately, this is quite difficult in many cases,
especially when the radio is sent by the car dealer, and the
owner is not personally contacted. This makes it ever so im-
portant to use all of our senses and keen observations as we
tackle the auto radio.

Testing Procedure in the Car

In some cases, the radio will still be in the car when first
seen. Let’s assume this is the case for our first example. It must
first be determined whether the fuse, antenna, speaker, or radio
is at fault.

First turn the radio on and listen for a slight “thump” in
the speaker as power is applied. . . .

If no thump occurred, see if the radio picks up stations. . .

If no stations are heard, check the antenna before removing
the radio to check all stages between antenna and output stage.
Fig. 8-3 shows how to make continuity and leakage tests of
the antenna.

Best ways to check:

Fuse—by ohmmeter or substitution.

Speaker—by substitution; or place chmmeter on R X 1
range and tap on and off the case (collector) of output
transistor. The radio is turned off and negative lead of
ohmmeter grounded during this test. A scratching noise
should be produced by the battery in the ohmmeter, indi-
cating speaker is “alive” and plugged into radio.

Antenna—By substitution (plugging in good antenna and
holding it out the window); by an ohmmeter, or an an-
tenna tester.

Special Note About Antennas: If the antenna is not
mounted tightly on the fender, or lead-in is not screwed
tightly on to the base of antenna, the shield on the an-
tenna lead will not be grounded well. This can result in
motor noise pick-up, or turn signal flasher noise in the
speaker of the radio.
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Fig. 8-3. Ohmmeter tests for an auto radio antenna.

Also, if the antenna is not matched to the radio, sta-
tion fading, mixing, and excessive whistles will be heard.
An antenna trimmer capacitor is accessible on the out-
side of all auto radios for this purpose (Fig. 8-4). It
should be peaked for maximum volume while tuned to
a weak station or noise near 1400 kc. This adjustment
is much more critical on transistor than tube radios.

Isolating Troubles in the Radio

Assuming that the trouble is in the radio, we must quickly
determine what section it is in, and then track it down to the
exact stage and component. When the chassis is removed, first
take time to look it over carefully. Become familiar with the
location of the various stages. Fig. 8-5 shows a typical all-
transistor auto radio and the location of the transistors. A sche-

(A) Behind tuning knob. (B) At side of chassis.

Fig. 8-4. Location of antenna trimmers.
151



matic of this same unit is given in Fig. 8-6. By looking over
the circuit and coordinating it with the chassis layout, you
will know where to look for the various sections and have a
mental block diagram of the unit.

Important points to remember when checking an auto radio
on the bench are:

AUDIO OUTPUT

®

RFAMP  CONV. Ist IF IFAMP AF AMP 2nd IF
TRANSFORMER TRANSFORMER

Fig. 8-5. Top view of a typical auto radio.

. Make sure the polarity of the supply voltage is correct.

. Make sure the speaker is connected properly.

. Make sure the rated input voltage is used while measur-
ing voltages; but vary the input above and below that
voltage before releasing radio to owner (car voltages do
not remain constant).

4. Make sure radio is tapped and vibrated all over to test
for intermittents (cars are in constant motion, causing
all components to be jarred). Sometimes heat supplied
by a hair dryer while the voltage is increased and the
chassis tapped (Fig. 8-7) will cause intermittents to
show up.
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Checking the Audio System

The audio system is checked first. If it is working properly,
it will produce the normal thump when turned on, the output
transistor will have normal collector voltage, and a good noise
will be heard when injected at the volume control. If radio
fails any of these tests, proceed as follows.

Troubleshooting the Output Stage

As the radio is turned on, the surge of output current in most
models causes the speaker cone to move and a slight thump
is produced. This is not true in push-pull output circuits, where
the idling current is small.

The lack of thump in radios which normally have it can
be caused by (1) the speaker not being connected, (2) an open
fuse resistor, (3) a defective power transistor, (4) a short in
the insulator between output transistor and its heat sink, or
(5) any defect which prevents the output transistor from con-
ducting current.

Fig. 8-8 shows how to make certain that the speaker, output
transformer, and transistor insulator are all right. Set the ohm-
meter on the R X 1 range and clip one lead to chassis. Tap or
rub the other lead on the case (collector) of the output tran-
sistor. If a popping or scratching sound is heard, you can free
your mind of everything between collector and speaker.

Things which can prevent the pop are: (1) open speaker,
(2) shorted interlock switch (used on older models), (3)
shorted transistor insulator, (4) shorted collector bypass ca-
pacitor (if present), and (5) shorted output transformer.

Let’s assume that a radio produces no thump when turned
on, but the above ohmmeter test causes a noise. The trouble
must be somewhere before the collector circuit, such as an
open fuse resistor (emitter circuit), or shorted transistor and
open fuse resistor (Fig. 8-9). In both cases, the collector volt-
age of the DS-501 is zero, because no current can flow through
output transformer L3. However, in Fig. 8-9A the emitter
voltage is 12 volts and in Fig. 8-9B, it has zero voltage.

Adjusting the Transistor Bias

Assume now that the trouble turns out to be a shorted power
transistor (emitter to collector short), and an open fuse re-
sistor (Fig. 8-9B). These are the most common problems in
power output stages.

After replacing the parts, the collector voltage of the output
transistor should be checked. If it doesn’t read what the sche-
matic specifies, the transistor bias control, R4, must be adjusted
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Fig. 8-7. Tapping the chassis, applying heat from hair dryer, and increasing input
voltage to help locate intermittents.

until proper collector voltage is obtained. This sets the tran-
sistor at the proper operating point for minimum distortion.
It must be adjusted with the speaker connected, and the rated
supply voltage applied to the radio (see schematic of indi-
vidual radio).

A word of caution: If the bias control cannot bring the col-
lector voltage down to the value listed on the schematic, check
the bias resistors. The shorted transistor often causes R3 to
increase in value, so that the new transistor can’t be set prop-
erly. If this happens, R3 must be changed to prevent a repeat
failure. Also, always replace the fuse resistor with the exact

Fig. 8-8. Checking speaker and output transformer (and connections) by tapping
ohmmeter (R )X 1 range) on case of output transistor.
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Fig. 8-9. The most frequent

manufacturer’s replacement. Do not substitute, as damage to
components and even fire can result. Fuse resistors are not
only fusable resistors, but they also provide temperature com-
pensation—the value varies with temperature to prevent tran-
sistor “run-away.”

Troubleshooting the Driver Stage

Now let’s assume that a “thump” was produced when the
radio was first turned on, but no signal is heard when injected
at the volume control by a noise generator. This tells us that
the trouble probably lies in the audio driver stage. Before
checking the driver, however, make a quick check of the out-
put stage collector voltage, just to be sure that all is well there.
If all right, proceed as follows.

Fig. 8-10 shows two popular drivers—NPN and PNP. In the
PNP circuit (Fig. 8-10A), transistor conduction or idling cur-
rent can be checked two ways. The quickest is to measure
collector voltage to ground. If .5 volt is found, conduction is
probably normal. The other method is to measure voltage
across the 680-ohm emitter resistor. If about 1.0 volt is found,
conduction is normal. This can be used as a confirming test or
a “double check” of conduction.

If conduction is mormal, chances are all DC components
(transistor, resistors, and transformer winding) are good, and
the trouble is probably an open capacitor.

If conduction is low, measure the bias to determine if the
trouble is in transistor or circuit. (Low conduction with good
bias usually means transistor trouble; low conduction with
zero bias usually means base or emitter circuit trouble.)
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If the conduction is high, measure the bias to determine if
trouble is in transistor or circuit. (High conduction with good
bias usually means circuit trouble; high conduction with low
or reversed bias usually means the transistor is leaky or
shorted.)

The NPN driver in Fig. 8-10B is checked in the same manner,
with two minor differences: (1) Conduction can only be
checked by measuring from collector to the 9.2 volt line, since
there is no emitter resistor, and (2) the normal bias is .6 volt
instead of .2 volt, because the transistor is a silicon unit.

It is important to notice that the same basic rules that we
learned for other transistor radios are used for auto radios.
First, a general idea of the trouble area is obtained, then tran-
sistor conduction and biases are checked. This quickly gets
you down to one part of a circuit, where individual components
can easily be checked.

Direct-Coupled Audio Systems

In recent years, direct coupling from one audio stage to
another has become popular. This eliminates the need for
interstage transformers but makes troubleshooting a little
more difficult, because the conduction of each stage in the
system is dependent on the other stages.

Fig. 8-11 shows a typical schematic. Driver AF-1 is a PNP
transistor, and AF-2 is an NPN unit. This is typical of Ford
circuits. General Motors radios use NPN transistors in both
driver stages.

The conduction of transistor AF-1 through R4 produces .6
volt across that resistor. Since R4 is connected between the
base and emitter of AF-2, this provides the proper bias for
AF-2. The conduction of AF-2 through R6 produces .2 volt,
which is the bias for the 2N1227 output transistor. Thus, each
transistor is dependent on the previous one for its bias and
conduction. While this has some disadvantages in troubleshoot-
ing, it also has a definite advantage. The DC condition of all
audio stages can be checked by measuring one voltage—the
output transistor collector voltage. Normal conduction there
means that the two drivers are also conducting properly.

What if the conduction is not normal? Check the conduction
and bias of each stage, beginning with AF-1, to see where the
trouble is located. Shorted or open transistors can easily be
located. Silicon drivers seldom fail, but when they do, they
almost always go completely open or shorted between two
elements.

If noise is produced by a direct-coupled circuit (high hiss
or squeal), bridge each electrolytic capacitor in the audio
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system and power supply with a good capacitor of the same
value. If this doesn’t locate the defective part and AF-1 is a
PNP transistor, replace AF-2 (NPN unit).

Checking the “Front End”

If the audio system is working properly, turn the volume
control up and see if the radio has the normal “background”
hiss. Since most of the noise is produced in the RF stage, this
test will tell you how much of front end is working. If the IF
or converter stages are malfunctioning, there will probably be
no hiss level at all. If the RF stage is not operating properly,
there may be a small hiss level present.

A typical auto radio front end is shown in Fig. 8-12. The
most important check to determine the condition of each stage
is the emitter voltage drop (conduction). Some manufacturers
are even showing the voltage across each emitter resistor on
their schematics. If conduction of one of the stages is not near
normal, check the bias to see if the transistor is being “told”
to conduct.

As in previous transistor amplifiers, normal DC conduction
eliminates the transistor, resistors, coil windings, and connec-
tions to each of those parts. This checks practically all com-
ponents in that stage except the capacitors and tuned circuits
which, of course, do not affect the DC conduction of the stage.
The best way to illustrate how this knowledge will help you
locate troubles is to take some examples and show how the
troubles were found.

Locating Troubles Which Affect Conduction

Assume that the audio stages were found to be performing
perfectly and that turning the volume control up produces no
hiss level—the front end is completely dead. Conduction of the
IF stage is checked by measuring the voltage drop across R3.
This voltage measures zero (instead of 1.2 volts). No signal
is produced when a noise generator is touched to the IF base.
The bias measures .9 volt (instead of .2 volt). Thus, the bias
is high, but the transistor isn’t drawing current. By using an
ohmmeter on the R X 100 range, we find that the emitter diode
(between B and E) reads 2000 ohms in one direction, and
higher when the ohmmeter polarity is reversed.

Conclusion—The IF transistor is open.

Let’s take another example. The radio is very weak. Con-
duction of the RF transistor (measured across R1) is 1.5 volts
(instead of .5 volt). Bias is very low (near 0). Thus, the tran-
sistor is being told not to conduct, but it is conducting heavier
than normal. A new transistor is tried, and the radio is normal.
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Conclusion—The RF transistor was leaky. A word of
caution, however. Note that the base circuit of the RF stage
is connected to the AGC (automatic gain control) system
to control its gain. An open AGC diode can also cause high
conduction of the RF transistor. In that case, however, con-
duction will be high, but bias will be normal or slightly high
because AGC diodes X1 and X2 form one leg of the voltage
divider for the RF base circuit (R4 completes the divider
circuit).

Locating Troubles Which Don’t Affect Conduction

Let’s assume that a radio is received which cuts out. The
audio system checks good. All conductions are normal in the
RF, converter, and IF stages. The circuit board and all compo-
nents are tapped. When the 2nd IF coil is wiggled from side to
side, the radio cuts out, but the IF conduction stays normal (1.2
volts). Since conduction stays normal, the trouble is probably
an open capacitor or detuned coil.

Conclusion—The IF coil is suspected and changed—the radio

is then O.K. The mica capacitor inside the IF can was

cracked, causing the coil to detune.

Another radio cuts out intermittently, and sometimes sta-
tions “drift” toward the left end of the dial. This indicates
oscillator (converter stage) trouble, but all conductions and
voltages check normal. When tapping components, it is found
that the oscillator trimmer adjustment screw is very sensitive,
sometimes causing the radio to cut out.

Conclusion—The oscillator trimmer is defective. Replacing

and aligning it cures the trouble. (This was the most com-

mon defect in 1963 GM car radios. The trimmer was rede-
signed with silver contacts internally, to prevent the capacity
from shifting value.)

Short-Cut Test of “Front End”

There is a short cut test of the front end, similar to the direct-
coupled audio test. You will recall that because all audio
stages are coupled together in some radios, the conduction
check on the output stage checks the DC circuits in the entire
audio system.

In one way, the front end stages of most auto radios are
also “tied together”—by the AGC system. The AGC samples
the output of the IF stage, rectifies the signals present there,
and feeds a DC voltage back to the base of the RF transistor.
The DC voltage reduces the forward bias on the RF stage,
causing it to conduct less and reducing its gain. The stronger
the station, the stronger the AGC voltage. This cuts off the RF
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stage to prevent the radio from “blocking” or distorting on
strong stations.

If all three stages in the front end are working properly,
the output at the IF will be good. This will cause a reduced
forward bias on the RF transistor and reduced conduction only
when tuned to strong stations. So, by measuring conduction of
the RF stage while tuning through strong stations, a check of
the whole front end is made. If the conduction goes to almost
zero, the entire system is functioning. Chances are the conduc-
tion as well as tuned circuits in all stages are functioning, with
possible exception of the 2nd IF coil secondary which this
method does not check.

TROUBLESHOOTING SUMMARY

The most important aid in troubleshooting is to use a system-
atic procedure. Follow a set procedure on every radio. The hunt
and poke method is time-wasting and strictly taboo.

Conduction checks are recommended before signal injection
because the latter will sometimes shock intermittent troubles
back into operation. Where conduction checks do not reveal
the trouble, use a noise generator to isolate the defective stage.
Fig. 8-13 shows what to expect when the noise generator is
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Fig. 8-13. Noise generator checks.

used at the various points in the circuit. Merely touch the
noise generator to the various points on the printed circuit
board (Fig. 8-14) and listen to the output. The results expected
at each point are summarized in Table 8-1. The volume control
should be turned all the way up when making tests.
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Fig. 8-14. Touching noise generator to printed board.

TABLE 8-1.
Noise Generator Tests

Test Point Results Expected Checks
Volume Control Loud Signal Audio System
Audio Detector Loud Signal Volume Control

(Audio Side)
Audio Detector Weak Signal Detector Diode

(IF Side)
IF' Base Weak Signal IF Stage
Converter Base Louder Signal Converter Stage
RF Base About Same as Above RF Stage
Antenna Socket About Same as Above Antenna Circuit

Basic Procedure

The following procedure, taken in the order given will
quickly lead you to the cause of any trouble in auto radios.

1. TURN RADIO ON, OBSERVING SPEAKER CONE
MOVEMENT. If no speaker action, check speaker con-
nections. Ohmmeter (on R X 1) should produce scratch-
ing noise at collector of output transistor.

2. TRY ALL CONTROLS. Volume, tone, manual, push-
buttons.

3. REMOVE TOP COVER AND LOOK RADIO OVER
CAREFULLY.

4. MEASURE COLLECTOR VOLTAGE OF OUTPUT
TRANSISTOR. This checks audio amplifier, driver, and
power output stages (except capacitors) in direct-coupled
systems.
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5. MEASURE CONDUCTION OF RF TRANSISTOR:
WHEN TUNING THROUGH STRONG STATION FRE-
QUENCIES, VOLTAGE SHOULD DIP TO A LOW
VALUE. This checks RF, Converter, and IF Stages, and
the AGC diodes. If no dip is obtained, measure current
flow of each stage.

6. INJECT SIGNAL (Table 8-1).



CHAPTER 9

Troubleshooting AM-FM

Automobile Radios

FM is not ideally suited for automobiles, but it is becoming
very popular because of the excellent programming, fidelity,
and noise-free reception. It does offer considerable relief from
the overcrowded AM band, but the range is definitely limited.

The FM band (88-108 mc) is actually between Channel 6
and 7 TV channels. Proof of this can be easily seen in areas
which have a channel-6 TV station. The audio can be heard
just below 88 mc on many FM receivers.

Broadcasts in this frequency range are “line of sight”—the
receiving antenna must “see” the transmitting antenna. In
homes where the antenna is on the roof, it is possible to obtain
range from high powered stations of 100 miles or more. In
automobiles, a different situation exists where the antenna is
virtually half a rabbit ears operating close to the ground. The
range from a typical 50,000-watt station is 25 miles (Fig. 9-1).
Beyond this distance, flutter can be expected. Lower-power
stations exhibit flutter at less distance.
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Fig. 9-1. Range versus FM station power for average condition
in flat terrain.
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The length of the car antenna is very important when lis-
tening to FM. To obtain maximum signal pick-up, it should
be extended to exactly 30 inches above the fender. This 30-
inch length is ¥ wavelength at the center of the FM band.
This matches the antenna to the radio, since the AM antenna
trimmer is switched out of the circuit and has no effect on
FM signals. Failure to use the proper antenna height increases
the flutter effect.

Other causes of flutter are terrain (hills, etc.) and buildings
(Fig. 9-2). Not only do they block the signal as the car moves

STRONG ADJACENT STATION
93.tme

/ / ‘SQBURBAN STATION

/ =

o
!///\ WEAK SIGNAL AREAS
1 FOR SUBURBAN STATION

Fig. 9-2. How low antenna height, buildings, etc. limit FM range.

by, but they cause multipath reception. That is, signals from
the station are reflected by the buildings and arrive at the car
antenna a fraction of a second later than the direct signal.
If the two arrive in phase (depending on the position of the
car), they add, but when the car moves and they arrive out
of phase, they cancel each other. This is flutter—a momentary
drop out, or loss, of signal.

SCHEMATIC FAMILIARIZATION

AM-FM auto radio circuits are very similar to the household
AM-FM radios described earlier. For this reason, the circuits
should look familiar and will only be discussed briefly.

Fig. 9-3 shows a simplified AM-FM auto radio schematic.
At the top of the schematic are three tuner stages—the FM-
RF amplifier, FM oscillator, and FM mixer. Power is switched
to the tuner when the band switch is in the FM position, and,
at the same time, the antenna is connected to the FM-RF
input. The station signal is amplified and sent to the FM mixer,
where it meets the signal generated by the FM oscillator.
The difference of those two signals is 10.7 me.



The 10.7 mc IF signal is coupled to the 1st FM-IF stage,
which is a dual purpose amplifier (it doubles as the AM-RF
amplifier) . After amplification by two other dual purpose stages
and the 4th FM-IF, it is sent to the FM detector and three
direct coupled audio amplifiers: AF-1, AF-2, and the power
output stage.

The individual stages and their functions are:

FM-RF Amplifier
FM Oscillator

FM Mixer

1st FM-IF
AM-RF Amplifier

AM Oscillator

2nd FM-IF Amplifier
AM Mixer

3rd FM-IF Amplifier
AM-IF Amplifier

4th FM-IF
FM Detector
AM Detector

AF-1
AF-2
Output

Amplifies the FM signals.

Generates a signal 10.7 mc higher
than the station signal.

Produces the 10.7-mc IF signal.

Amplifies the 10.7-mc signal.
Amplifies the AM signals.

Generates a signal 262 ke higher
than the AM station signal.

Amplifies the 10.7-mc signal.
Changes the AM signals to IF
(262 kc) (assisted by AM osc.)

Amplifies the 10.7-mc signal.
Amplifies the 262-kc signal.

Amplifies the 10.7-mc signal.
Changes the FM signal to audio.

Separates the audio from the 262-
ke signal.

Amplifies the audio.
Further amplifies the audio.
Builds sufficient audio power to

drive the speaker.

The block diagram in Fig. 9-4 shows the path the signal takes
through each stage. Keeping the block diagram in mind is most
helpful in troubleshooting.

TROUBLESHOOTING THE RADIO

All that has been learned in previous chapters can be applied
to this radio. All of the tools for localizing the trouble to one
section of the radio and measuring conduction and bias of
transistors in that section should be used in troubleshooting
AM-FM auto radios.

169



(74}

neweyds pegduws g6 ‘Bi3

>

FM RF AMP -L

FM 0SC :I: FM MIXER

A
FM
AM
;é | +8v
4’ 3 % FM
L 1 10 AGC _ ) 4]
107mec  IStFMIFAMP  10.7mc 2nd FMIFAMP 574, 3rd FMIF AMP 10.7 me

AMRF AMP [~777777777

e —————

®

¢

[ SUIpNIGNISVIN EOEPIER, W)

AM MIXER  ~—-=- —_——— | AM |F AMP e ————

262
ke




‘opes ojne Wi-WY ue jo

141

1

R ——

e ——————

VOLUME
CONTROL

QUTPUT




If the radio is in the car, the trouble should first be isolated
to the radio or one of its supporting components before it is
removed.

FM TUNER
FM RF M
—4
™ Fw AMP MIXER
™
0SC.
L Ist FM IF AMP andFMFAMP [, 3rd P F AP
4th FM IF AMP
AM RF AMP AMMXER [} AMIF amp -‘
AM 0SC
AM DET FMDET
4 am
I N

AF-1 AF-2 OUTPUT. ~Uq

Fig. 9-4. Block diagram of a typical AM-FM auto radio.

Checking the Radio in the Car

The antenna, fuse, and speaker can be checked in the same
manner as the straight AM auto radio discussed in the previous
chapter was checked.

Important Points to Remember:

1. The antenna height should be adjusted for 30 inches.
Reason: To minimize flutter on FM.

2. The antenna trimmer should be adjusted for maximum
volume while listening to a weak AM station or noise
near 1400 ke. Reason: To minimize fading, station mixing,
and whistles on AM.

3. No “thump” when power is applied indicates an open
fuse, defective speaker, or defective audio system.

4, Owners who have FM in their home and complain of
FM flutter when operating their car radio may not under-
stand the normal range limitations of automobile instal-
lations. Take a test ride and compare with other FM
car radios.
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Checking the Radio on the Bench

The following are important points to remember when check-
ing any AM-FM auto radio on the bench:

1
2.

Use the “thump” test to check the audio system.
Listen to the radio on both AM and FM.

If the FM only is dead, trouble is probably in one of
the stages which operates during FM only (FM tuner,
4th FM-IF amplifier, or FM detector).

If AM only is dead, the trouble is probably in one of
the stages which operates during AM only (AM oscillator
or AM detector).

If AM and FM are dead, the trouble is probably in one
of the dual-IF stages or the audio system.

. Noise generators work on AM only. If set is dead on both

bands, troubleshoot on AM.

. Conduction checks are made with no signal entering the

radio (antenna disconnected). To check conduction, meas-
ure the voltage across emitter resistor; except, in output
stage use collector voltage to ground.

. Normal transistor bias is .2 volt for PNP germanium units

and .6 volt for NPN silicon uints (except oscillators, which
vary with tuning).

Locating Troubles Which Affect Conduction

Let’s take some typical troubles and see how they make the
radio react and how we track them down.

Note how the indications lead you right to the trouble, pro-
vided the basic tools of troubleshooting are employed.

If the fuse resistor in the output stage is open:

1. The radio will be dead on both AM and FM.
2.
3. There will be no noise whatever as the volume control

There will be no thump as the radio is turned on.

is rotated.

. There will be no voltage at the output collector (conduc-

tion test).

. There will be little, if any, bias on the output transistor

(pointing to trouble in base or emitter circuit).

. The resistance of fuse resistor will measure very high in

one direction of ohmmeter (R X 1).*

* If the ohmmeter leads are reversed, the reading will be low due to
the low resistance of the transistor diode. This shows the importance of
always taking two readings in transistor circuits.
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If the AM oscillator transistor is open:

The radio will be OK on FM; dead on AM.

It will have the normal “turn-on thump.”

When switched to AM, a noise generator will work all
the way back to the AM antenna.

No whistle (oscillator signal) will be heard in a nearby
radio when this radio is tuned.

1
2,
3.

4.

. There will be no voltage across the AM oscillator emitter

resistor (conduction test).

. The bias of AM oscillator will be 1.1 volt (high).
. The emitter diode resistance will be high in both direc-

tions of meter (R X 100 range).

If the 3rd FM-IF' amplifier (AM-IF amplifier) transistor is

leaky:

1
2.

3.

4.

The radio will be weak on AM and FM.

It will have the normal “turn-on thump,” and the out-
put collector voltage will be normal.

The voltage across all IF emitter resistors will be nor-
mal, except the AM-IF amplifier stage, which is above
normal.

The bias on the AM-IF amplifier will be low or reversed
(depending on how leaky the transistor is).

Locating Troubles Which Don’t Affect Conduction
If the audio coupling capacitor C1 is open:

4,
5.

6.

1. The radio will be dead on AM and FM.
2.
3. The collector voltage of the output stage (conduction)

It will have the normal “turn-on thump.”

will be normal.

There will be no volume control noise.

No output will be obtained when the noise generator
is placed at the volume control.

A loud output will be obtained when the noise generator
is placed at the AF-1 base.

If one of the diodes in the FM detector is open:
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1
2.
3.

4.

The radio will be distorted on FM; AM OK

It will have the normal “turn-on thump.”

The collector voltage of the output stage (conduction)
will be normal.

All conductions and biases will be normal.



5. The voltage between points X and Y will not be zero,
as it should be in a balanced detector.*

If the 10.7-mc IF' capacitor C2 is open:

1. The radio will be dead or very weak on FM; AM OK

2. All audio checks will be good.

3. With volume control turned up, there will be no “FM
hiss.”

4. All transistor conductions, biases, and other voltages
will be normal.

5. An FM signal injected at the 1st FM-IF amplifier col-
lector will be dead or very weak.

6. An FM signal injected at the 2nd IF amplifier collector
will be loud.

7. The IF coil connected across C2 cannot be aligned.

From the foregoing, it can be seen that an FM signal gener-
ator comes in handy when troubleshooting AM-FM radios,
especially when FM reception is weak. Also, it is sometimes
necessary to make a good, sharp alignment of the FM auto
radio to minimize flutter. The radio needs all of the sensitivity
it can get to help overcome the poor reception conditions in
the car.

ALIGNING AM-FM RADIOS

Since alignment of individual models is deseribed in service
manuals and other books, it will only be discussed very briefly
here. There are some things peculiar to AM-FM auto radios
which should be mentioned.

Fig. 9-5 shows the usual hook-up for alignment. The FM
signal generator should be crystal controlled (such as the
Heath Model FMO-1 or equivalent) and is generally connected
at the antenna of the radio. The output meter is connected to
one side of the ratio detector output.

Difficulties often encountered are:

1. The IF peaks are not sharp.
Solution—keep the signal level of the FM generator low
(so that the output meter in Fig. 9-5 reads about .5 volt).
2. When attempting to align the tuner, the FM generator
output cannot be attenuated, resulting in broad peaks
or no peaks at all.

*Other faults in the FM detector circuit will cause an unbalanced con-
dition and distortion; for example, an open or detuned ratio detector coil.
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Solution—change one of the generator crystals to 9 me.
and use its harmonics (90 mc, 99 mc, 108 me) for tuner
alignment. A generator with two crystals (9 mc for
tuner alignment and 10.7 mc for IF alignment) makes
an excellent instrument.
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CHAPTER 10

Case Histories of
Actual Troubles

Now it is time for a practice session, where all you have
learned can be applied to solving actual problems. All case
histories were written from actual experience; they were not
simply “armchaired” from theory.

The experiences are described step by step, beginning with
the customer complaint and ending with the method of repair.
The troubles described will not necessarily be those most often
encountered; instead, they are ones which can cause the most
difficulty.

The following troubles are described to demonstrate the
testing procedures in this book, and to assist you with some of
the more ellusive troubles encountered in transistor radios.

CASE HISTORY NO. 1—THE DEAD PORTABLE

Type of Radio: Transistor AM portable

Transistors: 6

Stages: Converter, 1st IF, 2nd IF, driver, push-pull output
Customer Complaint: “The radio doesn’t play.”

Test Procedure:

1. The radio was turned on and the batteries checked.
Result—Normal voltage and current drain.
Meaning—The batteries are good, and the electro-
lytics are not shorted.

2. The radio was observed closely.

Result—It was completely dead, except for a slight
pop as it was turned on and off. There were no obvious
loose connections or broken conductors.
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Meaning—The speaker was probably all right, and the
circuit board apparently was not broken.

3. The volume control was turned to its maximum position,
and the audio system was checked by the body click test.
That is, with one hand on the chassis and the other holding
a metal probe, the probe was used to tap the base lead of
the driver transistor. The body resistance thus prevented
the transistor from being grounded directly.

Result—A click was heard.
Meaning—The audio system was functioning.

4. The same procedure was applied to the 1st IF base lead
and the converter collector lead.

Result—Nothing was heard at either point.
Meaning—The trouble was in one of the IF stages,
since no signal could be sent through them.

2ND IF
NPN 4oy

(NORMALLY
4.6V.)

v
O.K.

oV
%RE\?IE?'\‘SSED oA LY

FROM IST To
|F STAGE DRIVER
STAGE

R

A+ I - I 5.2V

Fig. 10-1. Abnormal voltages in this stage are caused by a leaky transistor.

5. Voltages were read on the IF transistors.

Result—The 1st IF stage measured all right, but the
2nd IF transistor had incorrect conduction and bias
voltages (see Fig. 10-1).

Meaning—The transistor was drawing a lot of collec-
tor current, but the bias voltage was reversed from
normal. This meant the transistor must be partially
shorted between emitter and collector.

6. The transistor was removed from the radio and checked.
Result—The leakage resistance between emitter and
collector (with base floating) dived rapidly toward
zero.

Meaning—The transistor was very leaky.



Conclusion

When some very simple procedures were followed, this case
was solved in a few minutes. Systematic stage isolation plus
voltage readings paid off.

A minimum of test equipment was used—the eyes and ears,
a small probe, and an ohmmeter.

CASE HISTORY NO. 2—THE DROPPED RADIO

Type of Radio: Transistor AM portable

Transistors: 6

Stages: Converter, 1st IF, 2nd IF, driver, push-pull output
Customer Complaint: “The radio is dead—it was dropped.”

Test Procedure:

1. The radio was turned on and given a listening test.
Result—Nothing was heard.

Meaning—Not conclusive.

2. The batteries were checked.

Result—Battery voltage normal; battery current nor-
mal or slightly below.

Meaning—The batteries were good, and no filters
were shorted.

3. The radio was given a good visual check. The printed
side of the board was pointed downward and soldered to
the front plate. The transistors were on top, however, and
easily accessible.

Result—No cracks or other obvious faults were noted.
Meaning—Not conclusive.

4. The base lead of the audio driver transistor was given the

click test.
Result—No click was heard.
Meaning—The audio system was not working,

5. Voltage readings were taken on the audio transistors.
Result—All driver transistor voltages read about the
same (see Fig. 10-2). The collector voltage was very
high.

Meaning—The collector lead may be open, allowing
the collector to assume the emitter potential.

6. The radio was given another careful visual check in the

area of the driver transistor.
Result—A small crack was observed which extended
through to the copper conductor, between the driver
collector lead and the collector transformer.
Meaning—The collector circuit was open.



Conclusion

Close visual observation is very valuable; but when the de-
fect cannot be seen, routine isolation and voltage checks should
be made.

TO PNP(NORMALLY

DETECTOR 1V)
(NORMALLY 7.9V)

TO
OUTPUT
& STAGE

+9V

= +9vV
Fig. 102, Improper voltages resulting from an open in the collector circuit.

CASE HISTORY NO. 3—INTERMITTENT AND
WEAK OUTPUT

Type of Radio: Transistor AM portable

Transistors: 9

Stages: RF, oscillator, mixer, 1st IF, 2nd IF, AGC, audio driver,
and push-pull output.

Customer Complaint: “The radio fades at times.”

Test Procedure:

1. The radio was turned on.
Result—Normal reception.
Meaning—Not conclusive.

2. The radio was jarred to see if it would fade.
Result—The signal suddenly became weaker.
Meaning—The radio was intermittently weak.

3. The battery voltage and current were checked.
Result—Normal voltage and current.
Meaning—The batteries weren’t weak or making poor
connection; the electrolytics weren’t shorted.

4. The circuit board was tapped at various spots, and so were

the components.

Result—The radio seemed to be sensitive to jarring
around the IF section.
Meaning—The IF section should be checked.
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5. A close observation was made of that area.
Result—Nothing was found.
Meaning—No loose connections were visible.
6. The radio was jarred again until its output became very
weak. Gain checks were then made.
Result—The IF section was very weak.
Meaning—Further check should be made in that sec-
tion.
7. Voltage were read in the IF stages.
Result—All were normal.
Meaning—DC conduction was normal.
8. A pencil soldering iron was applied to the IF transformer
terminals.
Result—The last IF' was very sensitive to heat, and
the sensitivity became normal when the radio was
touched.
Meaning—The transformer was intermittent.

Conclusion

An intermittent open capacitor in the base of an IF trans-
former does not usually cause the development of an incorrect
voltage. This goes back to the rule that if all voltages are
normal, the defect is probably an open capacitor or a detuned
circuit. In this instance we had both because the capacitor was
part of a tuned circuit. So, when it opened, it detuned the
transformer. The result was an extremely weak radio, but no
incorrect voltages!

CASE HISTORY NO. 4—THE HIGH-DRAIN PORTABLE

Type of Radio: Transistor AM portable

Transistors: 6

Stages: Converter, 1st IF, 2nd IF, audio driver, push-pull out-
put.

Customer Complaint: “The radio is dead.”

Test Procedure:

1. The radio was turned on.
Result—It was dead.
Meaning—Not conclusive.

2. The battery voltage was checked with the radio turned on.
Result—It was 1.2 volts (instead of 9).
Meaning—It was much too low.

3. The battery current was checked.
Result—It was 60 milliamperes (instead of 6).
Meaning—There was a short on the “A+” line.
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4. The printed circuit was closely observed for a solder
short.
Result—Nothing unusual was noted.
Meaning—No apparent short in the circuit.
5. The electrolytic was checked with an ochmmeter on the
R X1 scale.
Result—It was 40 ohms.
Meaning—It was much too low.
6. The electrolytic was disconnected and checked again.
Result—It was still about 40 ohms.
Meaning—The capacitor was defective.

Conclusion

Much time was saved by checking the battery voltage and
current first.

CASE HISTORY NO. 5—CASE OF THE UNUSUAL SHORT

Type of Radio: Transistor AM portable.

Transistors: 9

Stages: RF, oscillator, mixer, 1st IF, 2nd IF, AGC, audio driver,
push-pull output

Customer Complaint: “Dead radio.”

Test Procedure:

1. The radio was turned on.

Result—It was completely dead—not even a “hiss.”
Meaning—Not conclusive.

2. The battery voltage and current were checked.
Result—Both were within normal limits.
Meaning—Batteries O.K.; electrolytic not shorted.

3. Stage gains were checked with a noise generator.
Result—At the base of the audio driver—good signal.
At the base of the 1st IF—no signal. At the base of
the mixer—extremely weak signal.

Meaning—The trouble is in the IF section, because a
good signal normally is heard at the 1st IF base.

4. Voltages were checked in the IF stages.

Result—The 2nd IF voltages were normal, but the
1st IF voltages were not (see Fig. 10-3).
Meaning—There was a defect in the 1st IF base cir-
cuit, because the base voltage was much too high.

5. On a hunch, we checked the collector voltage of the pre-

ceding stage.
Result—The mixer collector and the 1st IF base volt-
ages (Fig. 10-3) checked the same.
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Meaning—1st IF transformer T1 was shorted between
the primary and secondary.

Conclusion

An ohmmeter confirmed the defect. The base voltage was
much too high because of the shorted transformer, and thus

(NORMALLY ISTF  (NOoRMALLY
MXER  a9v) TI ¢
NPN 3V
SHORT
CONDUCTION
HIGH
-+
+5.2v +5.2V +5.2V

Fig. 10-3. Voltages caused by a short between the primary and secondary
windings of the 1st IF transformer.

caused the lst transistor to conduct much too heavily. As a
result, the collector voltage dropped, and the emitter voltage
rose because of the voltages produced by the current flow
through R1 and R2.

By isolating the trouble to the IF section and then properly
analyzing the voltages, we rapidly found the cause. (We also
could have isolated the trouble by click testing.)

CASE HISTORY NO. 6—AM-FM WITH NO AM

Type of Radio: AM-FM table model

Transistors: 11

Stages: FM RF, FM mixer, FM osc., AM osc., 3 dual-purpose
FM IF amps, audio amplifier, audio driver, push-pull out-
put.

Customer Complaint: “Dead on AM, O.K. on FM.”

Test Procedure:

1. The radio was turned on.
Result—AM dead, FM O.K.
Meaning-—-The audio system is working, and so is FM
tuner. Trouble must be in one of the dual stages or
AM oscillator.
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2. On a hunch, another radio was placed next to the defective
one, and tuned to a station near 1600 kc. The defective
radio was ‘“Rocked” between 1000 kc and 1400 ke.

Result—The oscillator “beat” signal, or “birdie” was
not heard.

Meaning—The AM oscillator was probably not work-
ing. (Further checks revealed that the bias on the
oscillator was high, and did not change when the radio
was tuned. A new AM oscillator transistor was tried
and set returned to normal.)

Conclusion

By careful inspection and listening to both bands, it is easy
to isolate most troubles rapidly in AM-FM radios.

CASE HISTORY NO. 7—THE FADER FIXED FAST

Type of Radio: AM auto radio

Transistors: 6

Stages: RF, converter, IF, AF amp, driver, output.

Customer Complaint: “Radio fades when I get out of town or
near buildings.”

Test Procedure:
1. The radio was still in the car. It seemed weak on out of
town stations; locals O.K.
Meaning—The antenna trimmer could be off “Peak.”
2. The radio was tuned to a very weak station near 1400 ke.
The trimmer was rocked back and forth until the station
was loudest.
Result—The sensitivity improved tremendously.

Conclusion

On a weak or fading auto radio complaint, always check the
antenna trimmer before removing the radio from the car. (If
AM-FM radios, make sure antenna height is 30 inches above
fender for best FM reception). The antenna trimmer is only
adjusted on AM; it is not in the circuit on FM.
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Index

A

AGC, 36-38
Alignment, AM-FM auto radio,
175-177
AM-FM, auto radio, 167-177
receiver, circuits, 80-87
comparison with AM, 79-80
test points, 82-87
stage defects, 128
Antenna, checking of, 150
trimmer, 151
Audio, direct coupled, 159-161
Audio gain test, 141-143
Audio system, checking of, 153-161
Auto, testing radio in, 150-151
antenna, checking of, 150
Auto radio
alignment of, 175-177
AM, 147-166
AM-FM, 167-177
checking in car, 172
checking on bench, 173-175
Automatic gain control; see AGC

Base lead, open, 118
Base-to-emitter bias, loss of, 114~
116
Base voltage, wrong, cause of, 112-
114
Basic transistor-circuit limitations,
21-26
Battery
current measurement, 46, 47
eliminator, use of, 47
voltage check, 45, 46
importance of, 79
weak, effect of, 79
Bench check, auto radio, 173-175
Bias
adjustment of, 153, 156-157
battery elimination, 26-32
effect on transistor current, 22-25
loss of, 114-116
variable, 36-38

Capacitor
open, 125
shorted, 125
Case histories of actual receiver
troubles, 179-186
Circuit board, component-location
method, 58-59
Circuit components and their func-
tions, 21-39
Click test, 67-72
performance of, 71
test point for, 70
using body resistance to protect
transistor, 67, 68
Collector lead, open, 118
Common defects and their effects
on voltages, 124
Comparison of tube and transistor
elements, 91-92
Conduction, transistor
factors affecting, 7
test, 108-109
Crystal impurities, 8
Crystal material, 8

DC tests, 130-131
DC transistor testers, use of, 130
Defective IF, 125
Defective NPN stage, 125-126
Defective PNP stage, 126-128
Defective stage isolation, 41-78
Defective voltages and their mean-
ings, 111-128
Degeneration, 34-35
Detection, AM-FM, 85-87
Diode
action of, 8-16
caused by connecting ohm-
meter across, 10-11
current carriers, 9-16
in transistor, 8-16
adding current carriers to, 8-9
construction, 8
material used for, 8
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Diode (cont’d)

nonconducting, 9-10

test, performance of, 137

use of, 8
Direct-coupled audio stage, 159-161
Direct current test; see DC test
Driver stage, troubleshooting of,

157, 159

Dynamic test, transistor, 130

Eliminating the bias battery, 26-32
biasing by voltage driver, 27-31

Eliminator, battery, use of, 47

Emitter lead, open, 118

Emitter-to-collector leakage, 138-
141

Emitter-to-collector voltage, loss
of, 116-118

Errors, voltage, cause of, 111-125

Familiarization, schematic, 43-45

FM tuner section, 80, 83-84

Forward biasing the NPN transis-
tor, 13-14

Front end, checking of, 161-164

Fuse, checking of, 150

G

Gain, transistor, checking of, 141-
143
Gain test
audio, 141-143
RF-IF, 143
Generator, noise
advantages of, 67
summary, 66~67
test points, 59, 63-64, 65-66
Generator, signal
setting controls, 55-58
test points, 52-55

H
Heat sink, 26

Identifying transistor
elements, 16
leads, 58
type, 143-144

Idling current, transistor, 17
IF amplifier, defective, 125
dual purpose, 84-85
In-circuit transistor tests, 132-135
checking for leakage and shorts,
135
checking for open leads, 132-135
Injection, simplified signal, 67-72
click test, 67-72
Input and output transformers, 32~
35
Isolating
defective stage, 41-78
Isolation by
noise test, 59-67
noise-generator summary, 66-

67
test point for noise generator,
59, 63-64, 65-66

personal observation, 48-50
signal injection, 50-59
locating test points, 58-59
setting generator test points,
52-55
signal-generator test points,
52-55
signal tracer, 72-78
summary, 76-78
test points, 74-76
Isolation of troubles, 87-30

L

Leads, transistor, identification of,
58
Leakage and shorts test, transistor,
135, 140-141
Leakage test, 140-141
Leaky transistor, 121-122
Listening checks, 48-50, 87-88
Local oscillator, checking operation
of, 69-70
Locating
components on circuit board, 58-
59
test points, 58-59
Loss of
bias, 114-116
emitter-to-collector voltage, 116-
118

M

Maximum current ratings, transis-
tor, 18-19

Measuring battery current, 46, 47

Mosquito noise generator, 59, 63



N

Network, voltage-divider, 27-31
Noise generator
advantages of, 67
Mosquito, 59-63
small, use of, 59
summary, 66-67
test points, 59, 63-64, 65-66
use of, 164-165
Noise test, isolation by, 59-67
Nonconducting diode, 9-10
Normal transistor diode readings,
125
Normal voltages, transistor, 91-109
NPN stage defects, 125-126
NPN transistor, 11-14, 81, 88; also
see Transistor, NPN
adding forward bias, 13-14
basic circuit of, 93
circuit, positive ground, 100
schematic symbol for, 12

o

Ohmmeter
lead polarity, checking of, 137-138
testing transistors with, 131-132
Ohm’s law, application of, 95, 105
Open
capacitors, 126
circuits, review of, 119-120
leads, testing for, 132-135
Oscillator
checking operation of, 69-70
feedback, 38-39
frequency, FM, 83-84
Out-of-circuit transistor tests, 135-
141
Output and input transformers, 32-
35
Qutput stage, 153

P

Personal observation
audible check, 48-50
visual checks, 50
PNP stage defects, 126-128
PNP transistor, 14-16, 94; also see
Transistor, PNP
circuit, positive ground, 106
comparison with NPN type, 14
forward bias, 15
Points, test, location of, 58-59
Polarity of ohmmeter leads, check-
ing of, 137-138

Power supply, 45-47
load and no-load voltages, 45-46
voltage and current measure-
ments, 45-46, 47
Power transistors, special test for,
144-145

Radio troubles, actual case his-
tories, 179-186
Range, 167-168
Receiver, transistor
block diagram of, 43
schematic of, 42
Receiver power supply, 45-47
Recommended ochmmeter ranges
for testing transistors, 136
Resistance polarity rule, 93, 95
Resistor, stabilizing, 22-26
RF-IF gain test, 143
Rules, troubleshooting, 124-125

S

Schematic familiarization, 43-45
AM-FM, 80-87
auto radio, 147-150
Setting signal-generator controls,
55-58
Shock injection; see Click test
Shorted capacitors, 125
Signal degeneration, 34-35
Signal generator, 89-90
controls, setting of, 55-58
settings when audio section is
being tested, 56
test points, 52-55
Signal injection
AM-FM receiver, 89-91
isolation method, 50-59
locating test points, 58-59
setting signal-generator con-
trols, 55-58
signal-generator test points,
52-55
simplified, 67-72
click test, 67-72
test points, locating, 57, 58-59
Signal tracer
isolation method, 72-78
summary, 76-78
test points, 74-76.
major test points for, 75
summary, 76-78
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Signal tracer (cont’d)
test points, 74-76
Signal-tracing test-point sequence,
77
Simplified signal injection, 67-72
click test, 67-72
Speaker, checking of, 150
Special test for power transistors,
133-134
Stabilizing resistors, 22-26
Stage defects
AM-FM, 128
NPN, 125-126
PNP, 126-128
Stage isolation methods, 47-78
noise test, 59-67
test points for generator, 59, 63-
64, 65-66
personal observation, 48-50
listening checks, 48-50
visual checks, 50
signal injection, 50-59
locating test points, 58-59
setting generator controls, 55-
58
signal-generator test points,
52-55
signal tracer, 72-78
summary, 76-78
test points, 74-76
simplified signal injection, 67-72
click test, 67-72
Stages, AM-FM receiver, 80-82
Static test, transistor, 129-130
Summary
noise generator, 66-67
signal generator, 76-78
Supply, power, checking of, 45-47

T

Temperature, effect on transistor
current, 22-25
Temperature, transistor, 139
Test points
AM-FM receiver, 82-87
locating of, 58-59
noise generator, 59, 63-64, 65-66
signal generator, 52-55
signal injection, §7
signal tracer, 74-76
Test, types of
direct current; see DC tests
in-circuit, 132-135
for leakage and shorts, 135
for open leads, 132-135
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Test, types of (cont’d)
out of circuit, 135~141
checking the transistor diodes,

135
selecting the proper ohmmeter
range, 136

Testing transistors, 129-145

Testing procedure, in car, 150-151

Thermistor, 26

Tracer, signal, isolation method, 72-
78

signal-tracer summary, 76-78
signal-tracer test points, 74-76
Transformer coupling, comparison
with resistance coupling,
33-35
Transformers, input and output,
32-35
Transistor
advantages of, 7-8
basic circuit limitations, 21-26
basic function of, 7-16
bias, adjusting of, 153, 156-157
checking emitter-to-collector
leakage, 138-141
circuit components, 21-39
circuits, sample defects in, 125-
128
conduction, factors affecting, 7
current stabilization of, 21-26
diode action, 8-16
effect of operating temperature
and bias on current, 22-25
element, comparison with vac-
uum tube, 91-92
element identification, 16
example of, 17
gain, checking of, 141-143
heat sink, 26
identification of type, 143-144
idling current, 17
lead identification, 58
leakage-test, 140-141
leaky, 121-122
normal voltages, 91-109
NPN, 11-14
adding forward bias, 13-14
schematic symbol, 12
NPN circuit, 92-102
actual radio voltages, 100-102
effect of collector resistor, 95-96
effect of collector transformer,
97-98
effect of emitter resistor, 93-95
estimating collector current,
96-97



Transistor (cont’d)
NPN circuit
voltages between elements, 98-
99
open lead, 118
oscillator, 38-39
circuit, 38
operation, 38-39
PNP, 14-18
comparison with NPN type, 14
forward biasing, 15
PNP circuit, 102-109
actual radio voltages, 106-109
effect of coupling transformer,
104
effect of emitter and collector
resistor, 103-104
estimating collector current,
104-105
voltages between elements, 105
rating chart, interpreting of, 18-
19
receiver
block diagram of, 43
current drain, 47
schematic, 42
typical IF section, 101
short in base circuit, 122-125
stabilizing resistor, 22-26
in collector lead, 25-26
in emitter lead, 23-25
substitution, 129-130
temperature, 139
testing of, 129-145
audio gain, 141-143
dynamic and static, 129-130
in circuit, 132-135
leakage and shorts, 135
open leads, 132-135
out of circuit, 135-141
RF and IF, 143
special, for power transistors,
144-145
substitution, 129-130
with an ohmmeter, 131-132
voltage, effect of defects on
leaky transistor, 111-112

Transistor (cont’d)
voltage
open capacitor and defective
IF, 125
open lead within transistor, 118
short in base circuit, 122-124
shorted capacitors, 125
theory of, 7-19
tube-element comparison, 91-92
types, 16-19
understanding, 7-19
importance of, 7
voltage and current ratings, 18-19
Trouble, isolation of, 87-90, 150-164
Troubleshooting, AM-FM auto
radio, 169-175
driver stage, 157, 159
rules, 124-125
Tuned circuits, AM-FM, 84-85
Tuner, FM, 80, 83-84
Typical transistors, 7

U
Understanding the transistor, 7-19

\4

Variable bias, 36-38
Visual checks, 50
Voltage, battery, checking of, 45, 46
Voltage checks, 108
Voltage-divider network, 27-31
Voltage errors, causes of, 111-125
Voltage measurements, meter used
for, 112
Voltages
defective, and their meanings,
111-128
effects of defects on, 124
expected, when lead is open in
transistor, 118
importance of checking, 111

z

Zero bias, causes of, 120

191



