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Preface

This book was prepared with the professional technician (particularly the
neophyte) in mind. The coverage includes both solid-state and tube-type re-
ceivers, and concentrates on troubleshooting and repair of a-m receivers.
Trouble localization is explained in detail throughout, and many notes concern-
ing the use of test instruments are included. The book is functionally divided
into the various receiver sections, and subdivided according to symptoms.
Most of the possible causes for each symptom are listed, and those troubles
most frequently encountered are analyzed. Common variations in circuitry are
noted in order to make the troubleshooting procedures as general as possible.

The first chapter explains general troubleshooting and isolating procedures
and describes in progressively greater detail how trouble situations are ap-
proached and analyzed until the defective component or condition has been
pinpointed. Next, a comprehensive coverage of troubles in the rf and mixer
stages is given in Chapter 2. Both transistor and tube-type front ends are con-
sidered. Considerable attention is given to functional illustration. In Chapter 3,
the intermediate-frequency amplifier is analyzed in detail. An explanation of
modern integrated circuitry is included. The FET is also discussed. Misalign-
ment conditions causing trouble symptoms are covered, but the reader is re-
ferred to the receiver service data for the alignment procedures required by a
particular receiver.

Troubles in the audio section (including the detector) are analyzed in the
fourth chapter. Both voltage and current detection are given attention, and
detector arrangements in the older tube-type receivers are included, as well as
those in modern solid-state receivers. Since ave (or age) can present problems
in routine bench work, this subject is allotted a complete chapter. Some of the
more elaborate ave and squelch arrangements found in communications re-
ceivers are included. Noise-limiter sections are noted also. A complete chapter
deals with power supplies, because there is a definite trend to increased com-
plexity in this section of solid-state receivers. Regulated power supplies are
much more common now than they were in the past. This chapter also includes
practical noise-suppression techniques for auto-radio installations.

The final chapter, which deals with a rare avocation, gives practical pointers
on restoring antique radio receivers. Topics include cabinets, audio-transformer
problems, tube problems, coil restoration, coherer repair, restoration of carbon
detectors, troubleshooting carbon amplifiers, panel repair and replacement,



mineral detector problems, and battery requirements. This is a rather special-
ized field, because many of the components used in antique radios are not recog-
nized by modern technicians. This area of servicing is comparatively high-paid,
since there are very few qualified technicians who can meet the demands of
collectors throughout the country.

It is my firm belief and sincerest hope that this book will be a valuable addi-
tion to the libraries of all present and future professional radio technicians.

RoBerT G. MIDDLETON



Chapter 1

General Troubleshooting and

Isolating Procedures

There is no single procedure for troubleshooting
all of the different kinds of receiver failure. How-
ever, it is possible to set up a general procedure for
each category of receiver trouble. That is, after the
nature of the trouble has been determined, the tech-
nician can select an appropriate procedure. A good
timesaving troubleshooting approach is shown in
Fig. 1-1. The first five blocks are concerned with
localization of the defect. The last two blocks are
steps used in repairing a defect and restoring the
circuit to normal operation. In many cases, you will
be able to skip some of the first five steps. For ex-
ample, you may be able to localize the defect without
going through Steps 3, 4, and 5. The arrows indicate
how some of the localization steps may be skipped.
Always employ the last two steps.

GENERAL REQUIREMENTS

Among the basic bench timesavers, the first re-
quirement is a good understanding of electrical and
electronic action in the circuit that is being analyzed.
Functional block diagrams are very helpful in the
analysis of receiver sections. After isolation to a spe-
cific block, reference should be made to actual cir-
cuits. The next important requirement is a good
understanding of the test equipment used on the job.
It is as essential to recognize the limitations of a test
instrument as it is to know its capabilities. For ex-
ample, we should know whether a given VOM,

VTVM, or TVM will seriously load a high-frequency
oscillator circuit and give a false voltage reading.

Logical Thinking
To be most effective and profitable, troubleshoot-
ing must be accurate and swift. Therefore, logical

thinking, combined with ingenuity, common sense,
and good practices, is required. In most cases, the

TRY TO LOCATE THE TROUBLE BY OBSERVING FAULTY
OPERATION OF THE CIRCUIT

—

TRY TO LOCATE THE TROUBLE
BY US ING EYES AND NOSE

LOCALIZE THE TROUBLE AT THE FAULTY 3
SECTION BY TESTING TECHNIQUES

LOCALIZE THE TROUBLE AT THE FAULTY 4
STAGE BY TEST ING TECHNIQUES

LOCALIZE THE TROUBLE AT THE FAULTY
CIRCUIT OR PART BY TESTING TECHN IQUES

REPLACE OR REPAIR THE DEFECTIVE PART 6

TEST THE OPERATION OF THE CIRCUIT
READJUST THE CIRCU IT

Fig. 1-1. Basic approach to a troubleshooting job.
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technician must think for himself and do his job
without assistance. Thus, basic maintenance prac-
tices are an essential part of the technician’s back-
ground. Competence is an outgrowth of knowledge
and experience. It is a hard fact that competence is
not acquired overnight. A technician with experi-
ence is professionally limited if he has had no train-
ing in theory. Similarly, a “pure theory man” is
seriously handicapped if he has had no practical
experience. Practical experience can be gained only
by working with equipment over considerable
lengths of time. In summary, to be a good trouble-
shooter requires a happy combination of practical
experience and pure circuit theory.

Fig. 1-2. Practical analysis of this circuit requires a
logical approach.

Let us consider an example of logical thinking on
the job. With reference to Fig. 1-2, the audio-output
stage becomes suspect when we fail to hear a
“thump” as an auto radio is switched on. In a typical
case history, the trouble was caused by a burnt base
resistor. An ohmmeter check was inconclusive, be-
cause of the parallel path through the transistor to
ground. Therefore, to insure a correct check of the
base resistor, one leg of the resistor was disconnected
from the printed-circuit board or chassis tie point
to make the resistance measurement. In the example
of Fig. 1-2, the base resistor should measure 3.7
ohms; however, it often increases greatly in value or
opens up in case the transistor shorts. Since this is
a defect that may not show up on visual inspection,
logical analysis is our follow-up analytical tool. Note
that the base or emitter resistor in this stage of an
auto radio is often listed as a fuse.

Necessity for Service Data

It is probably true that very few technicians know
everything about the various radio receivers that
cross their bench for repair. Although we are all
familiar with the general block diagram for a super-
heterodyne receiver, there is much more to be

known. A block diagram assists us at the outset, but
there are circuit details that require additional
knowledge if we are to analyze trouble symptoms
rapidly and correctly. To get this additional knowl-
edge, we consult the receiver service data. It is our
source of information which describes the receiver
in full technical detail. The circuit diagram is sup-
plemented by tube socket voltages, resistance charts,
and the resistances of transformers and coils. It also
shows pictorially the location of each component
part and lists acceptable replacements. Component
localization is particularly needed in the case of
printed-circuit boards.

BASIC TROUBLESHOOTING PROCEDURE

Both tube-type and solid-state radio receivers are
serviced in most shops. Let us start by considering
the basic troubleshooting procedure for tube-type
sets—this procedure also applies to the tube sections
in hybrid receivers. Before testing the tubes, look to
see whether any of the heaters are glowing. Next,
check to see whether B+ voltage is present. In case
the supply voltages are all right, proceed to check
the tubes. Either a tube tester (Fig. 1-3) or the tube-
substitution method may be used. If a tube tester is
available, first turn off the power and then remove
and test the tubes one at a time. Substitute new
tubes only for those that test defective. If a tube is
suspected of being intermittent, it should be tapped
lightly while being checked, to help show up the
intermittent condition.

00""
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Courtesy Hickok Electrical Instrument Co.
Fig. 1-3. Typical tube tester.
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If the tubes are being checked by substitution, and
the set begins to operate normally, discard the last
tube removed and return the other original tubes to
their sockets. Some circuits, such as oscillators in
short-wave sets, might operate with one good tube,
but not with another. (See Fig. 1-4.) This can hap-
pen because of the difference in the interelectrode
capacitance of the tubes, which may play a large
part in determining the oscillating frequency. There-
fore, if a tube does not operate in a high-frequency
oscillator circuit, do not discard it until it is known
to be definitely bad. Beginners should note that by
rocking or rotating a tube, the pins may be bent, the
weld wire may be broken where the pin enters the
glass, or even if the weld is not broken, a high-resist-
ance joint may be produced.

0SC.
TRIMMER COIL

0SC.
- TUBE

Fig. 1-4. View of oscillator coil, trimmer, and tube in 108-136
MH1z receiver.

In case a replacement tube becomes defective im-
mediately, we must check the component parts in the
associated circuit. Note that although it usually hap-
pens that only one tube fails at a time, it is possible
for a chassis to develop two or more defective tubes
simultaneously. In such a case, substituting tubes
one at a time and reinserting the original tube before
substituting for a second time will not pinpoint the
defective tube. The original tube may have been de-
fective, but might not show up because another de-
fective tube prevents its normal operation. To cor-
rect this trouble, install new tubes and keep putting
in new tubes until normal operation is restored.
Then, the last tube replaced is defective and should
be discarded.

To determine whether another original tube is
bad, return an original tube to its socket. If there is
a noticeable change in operation, discard the last
original tube installed. Another method is to install
all new tubes and then replace them with the orig-
inal tubes, one at a time. When a trouble symptom
is noted, discard the last original tube installed. We
seldom leave a new tube in a socket, if the receiver
operates satisfactorily with the original tube. If tube
replacement does not restore the receiver to normal
operation, further troubleshooting is necessary. A
tube should not be discarded unless a tube tester or
other instrument shows it to be defective, or if it
can be seen that the tube has a broken glass en-
velope, an open filament, or a broken base pin. Do
not discard a tube merely because it has been in
operation for a long time. The final proof of tube
quality is indicated by satisfactory operation in the
receiver.

Checking Series Heaters

Series heater strings present a different approach,
because an open heater in one tube will cause all
other heaters in the string to remain cold. Most tech-
nicians remove the tubes one at a time and check
the heaters for continuity with a tester such as is
illustrated in Fig. 1-5. If a chassis is being checked
at the bench, the tube with the open heater can be
localized by measuring the voltage across the tube
heater terminals with all the tubes in their sockets.
All good tubes in the string will measure zero volts

Courtesy Paco Electronics Co., Inc.
Fig. 1-5. Filament continuity tester.
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OPEN FILAMENT
2 v2 V3

va

VOLTMETER
Fig. 1-6. Finding open filament with a voltmeter.

across their heaters, but the one that is burned out
will have the full supply voltage dropped across the
terminals, as shown in Fig. 1-6. In this example, the
voltage drop across each filament will be 1.5 volts
when the defective tube is replaced.

Occasionally, an old-type receiver will have series-
parallel heater circuits, which often have shunting
resistors across some heaters in the series circuit to
maintain the current at correct value in each tube.
This type of circuit can be deceptive, because the
voltage measured across a burned-out heater may be
nearly the same as the voltage across a good tube.
That is, the shunt resistor provides continuity.
Therefore, heater-voltage measurements should be
made carefully when checking series-parallel heater
circuits.

Testing Components

After the trouble has been narrowed down to a
section and then to a stage by the use of test equip-
ment or a shortcut method, the trouble must then be
pinpointed to the defective component. This proce-
dure requires testing of resistors, capacitors, induc-
tors, and sometimes connections at terminals or
various conductors. A VOM is the basic instrument
that is used, although it has certain limitations that
should be kept in mind. From a statistical standpoint,
fixed capacitors are the most common troublemakers
in radio circuits; therefore, we will start our pro-
cedural discussion with pinpointing of capacitor
defects.

There are several ways in which a capacitor can
fail. It may open up, or it may become short-cir-
cuited. Again, a capacitor may develop various
amounts of leakage. Its capacitance may change (an
electrolytic capacitor is the most common offender).
Any capacitor may become intermittent, and develop
a defect as a result of temperature change or me-
chanical vibration. Some capacitors become inter-
mittent due to voltage surges. It is very easy to check
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for an open capacitor; we merely bridge the suspect
with a known good capacitor. If the circuit operation
returns to normal, the diagnosis is confirmed. In the
case of an electrolytic capacitor, it is important to
observe correct polarity in the test. Also, when
working with solid-state receivers, it is advisable to
turn off the receiver before connecting the test ca-
pacitor into the circuit. This precaution ensures that
an abnormal surge, which might damage a transistor,
will not be produced.

Shorted capacitors are also comparatively easy to
pinpoint. In this discussion, a shorted capacitor is
defined as a capacitor that measures zero ohms on
the R X 1 range of a VOM. Practically all capacitors
in radio circuits operate in circuits that have at
least a few ohms of resistance. Therefore, we can
usually pinpoint a shorted capacitor by measuring
the resistance across its terminals. The only excep-
tion to this rule occurs in short-wave circuits in
which a capacitor is connected across a small coil.
In such a case, the coil resistance is so nearly zero
that a useful test cannot be made without discon-
necting the capacitor from the coil. That is, we dis-
connect one end of the capacitor from its circuit and
check its resistance with an ohmmeter. If a zero
reading is obtained, we know that the capacitor is
short-circuited. Note that a shorted capacitor has
zero capacitance; similarly, an open capacitor has
zero capacitance. Consequently, there is no point in
attempting to measure their capacitance values.

Leaky capacitors can often be pinpointed on the
basis of changes in circuit voltages that they produce.
However, if a leaky capacitor happens to be in shunt
with a coil, the most useful clue is the fact that the
coil will tune very broadly and will not peak up
normally. To confirm the suspicion of a leaky ca-
pacitor, most technicians use the disconnect method
shown in Fig. 1-7. Of course, this method is inap-
plicable when the capacitor operates in a circuit that
is at ground potential. However, in such a case, we
can use a capacitor checker (Fig. 1-8) and apply
working voltage across the capacitor. This test can
be supplemented by a capacitance measurement, to
determine if an otherwise good capacitor may have
lost a substantial portion of its rated capacitance.

A variable-tuning capacitor or air trimmer can be-
come shorted or leaky. To test for either condition,
we disconnect one end of the capacitor from its cir-
cuit and check as previously explained for fixed
capacitors. It is good practice to vary the capacitor
over its complete range while testing, to show up
possible defects at particular points. If a variable-
tuning capacitor is contaminated with dust, dirt, or
grime, it should be well cleaned. A trick of the trade
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Fig. 1-7. Method for checking
capacitors with a voltmeter.
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that is occasionally useful consists in connecting a
variable-tuning capacitor across a B+ supply. This
procedure will burn out any foreign matter that
might be producing leakage between the stator and
rotor plates.

Resistors are easy to check for rated value with an
ohmmeter, unless the resistor happens to be inter-
mittent. Whenever a component is suspected of being
intermittent, it should be analyzed by tapping it
while it is connected to the ohmmeter (or other
test instrument). It is often helpful to heat the ter-
minals of the component somewhat with a soldering
gun and to follow up by chilling it with a suitable
spray. These procedures will often speed up the oc-
currence of an otherwise stubborn intermittent. Be-

MODEL 9308

PowER FACTON

n Yy L)
N
LD ™

Courtesy EICO Electronic Instrument Company, Inc.
Fig. 1-8. Capacitance checker.

ginners should remember that before checking a
suspected resistor with an ohmmeter, they should
examine the circuit to see whether it is necessary to
disconnect one end of the resistor. Remember that
diodes and transistors, as well as other resistors or
coils, can provide branch-current paths.

In Fig. 1-9, resistor R4 is shunted across the grid
winding of transformer T1. If we make a continuity
measurement across R4, the low-resistance path
through T1 in parallel with R4 will produce a low-
resistance reading although R4 might be open.
Therefore, we must disconnect one end of R4 before
attempting to measure its resistance. On the other
hand, plate-load resistor R5 has no resistive compo-
nent connected in parallel, and we can measure the
resistance of R5 without disconnection. Similarly,
we can measure the resistance of R6 without discon-
nection. However, resistance measurements of R1,
R2, or R3 must be made with one end of the resistor
disconnected. Experienced technicians know that
there are occasional exceptions to the foregoing

c3
AMPLIFIER i oUTPUT
- | c2id R2S
<
INPUT RAZ RS 2 Rs
Cl ':I" Rl ::
B+ FROM (TN i
RECT IF IER
=y R3S
<

Fig. 1-9. Audio amplifier circuit.

1
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rules. For example, if C1 happens to be shorted, the
resistance of R6 will measure zero unless one end of
the resistor is disconnected. Again, if one end of R2
is disconnected, its resistance can always be mea-
sured accurately. However, if we next measure the
resistance of R1, the reading will be in error if C2
is leaky or shorted.

Resistance values can be measured with a Wheat-
stone bridge. For example, many capacitor checkers,
such as the instrument illustrated in Fig. 1-8, have
a built-in Wheatstone bridge and provide several
resistance scales on the front panel. However, bridge
operation is comparatively slow, and practically all
technicians use ohmmeters for routine resistance
measurements. We use a bridge primarily to check
the accuracy of an ohmmeter if it is suspected of de-
fective operation. Various types of ohmmeters are
used at the bench, and the ohmmeter function of an
instrument is usually accompanied by dc and ac
voltage functions (see Fig. 1-10). Beginners should
note that it is important to use the right scale in a
resistance measurement. If a high range is used to
measure a low-resistance value, it is impossible to

Courtesy EICO Electronic Instrument Company, Inc.

Fig. 1-10. A typical VTVM.
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make an accurate measurement. By the same token,
if a low range is used to measure a high-resistance
value, the accuracy of measurement will be poor.

In the measurement of high-resistance values, it is
necessary to avoid touching the test prods or clips,
because body resistance will cause the meter to read
a subnormal value. You will find that some resistors
have different values when they are hot, compared
with their cold resistance values. This is particularly
true of special resistors such as Globars used in
many old-model receivers. In the case of variable
resistors, such as potentiometers, defects may occur
at certain spots; therefore, it is good practice to ob-
serve the resistance variation as the control is turned
through its range. Beginners should also note that
any fixed resistor has a certain tolerance (often
+20 percent). The resistor has a normal value if its
resistance falls within the given tolerance range.
For example, a 100,000-ohm *20 percent resistor is
within rated limits if we measure a resistance value
in the range of 80,000 to 120,000 ohms. Note that an
ohmmeter also has a certain accuracy rating; how-
ever, the operating tolerance of a service-type ohm-
meter is considerably narrower than the tolerances
on resistors used in receiver circuits.

Coils and transformers include rf and audio
chokes, power transformers, audio transformers, i-f
transformers and coils, voice coils, and any compo-
nent that is wound with wire, except wire-wound
resistors. Coils and transformers are ordinarily
checked for resistance values and compared with the
values specified in the receiver service data. As in
testing resistors, one end of a coil might need to be
disconnected for test. Remember that a coil with
normal winding resistance might be short-circuited
to the core, or have leakage resistance to the core.
Fig. 1-11 shows a typical power-transformer sche-
matic. Chart 1-1 tabulates the test points, normal
resistance readings, and the points to check for
shorts.

The condition of low-voltage, power-transformer
windings is often difficult to determine because
winding resistances may be so low that the readings
appear as short-circuits on an ordinary ohmmeter.
Large service shops can justify the cost of a lab-

3
g 5V
4
2 5
115V, 60Hz % ki 6 Fig. 1-11. Typical
° 40v 7 power-transformer schematic.
8
6.3V
9
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Chart 1-1. Power-Transformer Resistance Tests

Normal
Test indication
points (ohms) Test for short to:
Primary 1, 2 51010 Frame (ground)
Terminals
3,4,56,7,8,9
5-volt filament 3, 4 less than one Frame
Terminals
56,7,8,9
High-voltage 5, 6 50to 100 Frame
Terminals 8, 9
High-voltage 6, 7 50 to 100 Frame
Terminals 8, 9
6.3-volt filament less than one Frame
8, 9.

type, low-range ohmmeter, such as is illustrated in
Fig. 1-12. This type of instrument is also very useful
in checking for cold-solder joints, deteriorated switch
contacts, poor grounds, and general analysis of low-
resistance circuits. Another typical trouble condition
in a low-resistance winding is shorting between turns
or layers.

Signa

Signal tracing and signal substitution are used in
trouble localization procedures. In the case of signal
substitution, the speaker serves as an output device,
and the point of signal injection is changed progress-
ively. For example, we may feed a signal from an
audio oscillator to the output terminal of the last
audio stage. If there is no sound from the speaker,
we know that the trouble will be found in the
speaker or in the output transformer. Many tech-
nicians make preliminary tests with a pencil-type
noise generator, such as is illustrated in Fig. 1-14,
inasmuch as the signal frequency is of no concern.

T

Courtesy Simpson Electric Company
Fig. 1-12. A useful low-range ohmmeter.

Next, we fed the signal into Point 1 (Fig. 1-13). If
there is no sound from the speaker, we know that
the trouble is in the audio stage or in the power
supply.

In case the speaker and the audio section are
operative, the next step in signal substitution is to
feed a modulated i-f signal into Point 2 (Fig. 1-13).
Either an a-m signal generator or a noise generator
can be used (Fig. 1-14). If there is no sound from
the speaker, we know that there is a defect in the
detector section. However, in case the troublz is be-
fore the detector, we feed modulated signals into the
preceding stages, working toward the antenna. When
a point is reached that provides no sound output, the

™ 7N
\V4 .
/B MY ‘l ‘\/ \|
\ / ll I
- - /I \\
\\- )/
3 2 1 4
Fig. 1-13. Block diagram of a RF I-F DETECTOR AUDIO
superheterodyne receiver.
POWER
OSCILLATOR SUPPLY

13
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Flg 1-14. Pencnl -type noise generotor

defect will be found in the last stage tested. Note
that a harmonic generator, instead of a noise gen-
erator, may be used in the foregoing tests because
they are practically equivalent. Also, the harmonic
generator is a compact type of instrument, and is
often used instead of a signal generator in prelimi-
nary test work.

Signal tracing is also used in trouble-localization
procedures, but the method employed is different.
That is, the point of signal application remains the
same, but we move the output indicator from point
to point, working toward the speaker. For example,
with reference to Fig. 1-13, we might feed a modu-
lated rf signal into the rf stage, using an a-m gener-
ator, noise generator, or harmonic generator. In turn,
we would trace the test signal through the receiver,
section by section, using a signal tracer, such as is
illustrated in Fig. 1-15. Note that a broadcast signal
can also be used in this test; the signal generator
serves as a tuning indicator for setting the tuning
dial of the receiver.

Although an oscilloscope, such as is illustrated in
Fig. 1-16, has a formidable appearance to the tech-
nician apprentice, it is the most informative type of
signal tracer. A scope shows the comparative ampli-
tude of a signal and displays waveform distortion.
An analysis of the distortion characteristics will
often pinpoint the trouble in a circuit. Basic normal
waveforms using an a-m generator signal source are
shown in Fig. 1-13. When a scope is used in the high-
frequency receiver sections, a demodulator probe
must be used instead of a pair of test leads (or direct
cable). A suitable demodulator probe is shown in
Fig. 1-17.

Transistor Circuit Testing

A junction transistor (Fig. 1-18) can be compared
with a triode tube in that it has three electrodes.

14

However, a transistor is much smaller than a tube.
A basic comparison of transistor and tube configu-
rations is shown in Fig. 1-19. Note that a transistor
may be either a pnp type or an npn type. The charac-
teristics of these two types are the same, except that
the supply-voltage polarities are reversed. Basic
transistor tests can be made with an ohmmeter; the
R X 1000 range is suitable. Procedure is as follows:

1. Taking the transistor leads by pairs, we will find
one pair of leads that has a comparatively high
resistance in both directions (high-resistance
value using either polarity of the ohmmeter test
leads). This pair of transistor leads consists of
the collector and emitter electrodes; the re-
maining lead is the base electrode.

2. Checking from the base to either one of the
other electrodes, we will find that the front-to-
back ratio (resistance ratio with ohmmeter test
leads reversed) is very high. With the ohm-
meter connected to read forward (low) resist-
ance, the transistor is a pnp type if the negative
ohmmeter lead is connected to the base. On the
other hand, the transistor is an npn type if the
positive ohmmeter lead is connected to the base.

SIGNAL
TRACER

MODEL 1454

Ao nm

lf

g @ To

AsTIUNENT B, 8 U O LAY

" m w._

Courtesy EICO Electronic Instrument Company, Inc.
Fig. 1-15. A typical signal tracer.
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Courtesy Simpson Electric Company
Fig. 1-16. Service-type oscilloscope.

3. Comparing the forward-resistance values from
the base to each of the two other electrodes, we
will find that one of the forward-resistance
values is substantially less than the other. (Use
the R X 10 range of the ohmmeter to obtain a
readable deflection). The lower reading identi-
fies the emitter electrode; conversely, the high-
er reading identifies the collector electrode.

Various types of transistor checkers are used at
the service bench. All of these instruments provide
two fundamental measurements: the value of cur-
rent gain provided by the transistor and the leakage
current value between collector and base. A small
transistor tester is illustrated in Fig. 1-20. The cur-
rent gain of a transistor is also called its beta value.
Beta is defined as the ratio of collector-current
change to base-current change with the transistor
connected in the common-emitter configuration. For

500pF IN34-A
1L bl
LANE Ll
10 ! :
RECEIVER 68K 100K 0SCILLOSCOPE
=

Fig. 1-17. Schematic diagram of a detector probe.

example, the beta of a good transistor might be rated
in the order of 95 to 100. The leakage current of a
transistor is measured by measuring the collector
current that flows when the collector-base junction
is reverse-biaszd. A good transistor has a very small
value of leakage current.

Since the majority of receivers have the transis-
tors soldered into their circuits, in-circuit transistor
testers are widely used. These are discussed in detail
subsequently. It is often possible to make an in-
circuit test of a transistor with a dec voltmeter, as
shown in Fig. 1-21. In this examplz, the voltmeter is
connected to measure the collector-emitter voltage.
A control-action test is made by short-circuiting the
base to the emitter. If the voltmeter reading re-
sponds by jumping up to the supply-voltage value,
the resistor has normal control action. This test is
based on the fact that a junction transistor normally

Courtesy Raytheon Manufacturing Co.
Fig. 1-18. Typical junction transistors.

15



Radio Receiver Servicing Guide

-BATTERY

+BATTERY

PNP NPN VACUUMTUBE
CONF{GURATIONS CONFIGURATIONS CONEIGURATIONS
C C
OUTPUT OUTPUT OUTPU
INPUT ’-"T B b INPUT-— |~ INPUT-—] T
E E (A) Common emitter—common
| cathode.
:: <t =
- < = ;> -
w— L e
$ S
3 ey § TRy
OUTPUT Pl OUTPUT
INPUT ] b4 c INPUT->— 4 C o JUTPUT
INPUT +—| % (B) Common base—common grid.

i

INPUT - 42

-BATTERY
-

INPUT -+ (4 :

+BATTERY
Ic

B+

(C) Common collector—common

INPUT—>—"-1

ouTpPUT OUTPUT

i

OUTPUT

Fig. 1-19. Tube and transistor circuit configuration.

plate.

goes into collector-current cutoff when the base and
emitter are at the same potential. Of course, if the
transistor operates in a circuit in which the collector
voltage is normally the same as the supply voltage,
another type of test must be made. Fig. 1-22 illus-
trates a “turn-on” test, which is made by shunting a
10-k resistor from collector to base. If the collector
voltage then falls to a lower value, we know that the
transistor is workable. This test employs the princi-
ple of bleeding a small amount of forward bias volt-
age from the collector to the base.

GENERAL TROUBLESHOOTING PROCEDURE

The quickest and most logical method of trouble-
shooting is to follow an organized plan. All servicing
procedures are based on the observation of symp-
toms, the combination of which may tell an experi-
enced technician exactly where the trouble is lo-
cated. The first rule, therefore, is to observe and
analyze. When certain symptoms occur in the ab-
sence of others, various impossible, as well as im-
probable, causes can be eliminated at the outset. For

16

example, if a multiband receiver operates on all
bands but one, we immediately discard the possi-
bility of a blown fuse, or the possibility of a defective
power-supply rectifier, because either of these de-
fects would prevent the receiver from operating on
any band at all. The standard sequence of trouble-
shooting operations is as follows:

1. Encourage the customer to explain when the
trouble started, what he observed, and whether
the trouble has been steady or intermittent.

2. Make a preliminary operating test and a visual
inspection, and clean the chassis if required.

3. Follow up with instrument tests to isolate the
trouble to a specific saction of the receiver.

4. Make any additional tests that will help to
localize the defective circuit (try to avoid the
“shotgun’ approach).

5. After the defective component has been pin-
pointed, repair or replace it, as the appropriate
course of action may be.

6. Give the receiver a thorough check-out before
it is finally released from the bench.
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Courtesy Sencore
Fig. 1-20. A simple transistor tester.

A visual inspection is often supplemented by spe-
cific odors, sounds, or physical characteristics. For
example, if the odor of “rotten eggs” occurs when the
receiver is turned on, an experienced technician
looks for a burning selenium rectifier. If the power
transformer vibrates loudly and heats up rapidly, he

Ql
| E ouTPUT
<
INPUT Rl :: SHORT L
ciRCUIT ) T
(A) Two-battery circuit.
Q2
,
@ R23
| Ec W OUTPUT
INPUT RIS SHORT
1 CIRCUIT
—{i|i= >

(B) One-battery circuit.

Fig. 1-21. Short-circuit transistor test.

knows that there is short-circuited winding. If a
resistor appears to be scorched, it might crumble to
dust when tapped. Visual inspection will often turn
up defective connectors or plugs, blown fuses, cer-
tain blown-out tubes, broken cords, tripped circuit
breakers, abnormal meter indications (chiefly in
hi-fi or ham receivers), badly burned resistors, ex-
ploded electrolytic capacitors, arcs, and smoke due
to overheating. Switches and dials are also inspected
for obvious faults, loose setscrews, and so on.

Localization means to trace the trouble to a cer-
tain stage in a section; localizing trouble to a sub-
chassis or to a portion of a main chassis is also called
sectionalization. Before pulling a chassis, we make
certain that power is being supplied by the power
cord, the antenna lead is not broken, the trouble is
not caused by an overlooked defect, and the defect
is definitely due to a condition that cannot be cor-
rected without removing the chassis. For example, it
might be observed that a connecting lead to the
speaker is loose, or that a speaker plug is not fully
inserted.

OUuTPUT

Fig. 1-22. Turn-on test of a transistor.

After a chassis has been pulled, check for B+ volt-
age first. If the voltage is zero, or seriously sub-
normal, it is good practice to make a resistance
measurement at the point where the dc voltage from
the power supply is fed to the various stages. This is
done in order to find out whether there is a short-
circuit or a very low resistance in the power-supply
circuit. This trouble is usually caused by defective
filter capacitors. On the other hand, assuming that
the B+ supply voltage is normal, we proceed to use
signal-tracing or signal-substitution techniques to
determine whether it is the rf, oscillator, i-f, detec-
tor, audio, or speaker section that is defective. Pre-
liminary localization is followed by dc voltage mea-
surements at the plate, grid, screen-grid, and cathode
terminals in a tube-type circuit. In a transistor cir-
cuit, we make dc voltage measurements at the collec-
tor, base, and emitter terminals.

17
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If dc voltage measurements are inconclusive in a
tube-type circuit, it is often helpful to make resis-
tance measurements, with reference to a resistance
chart in the receiver service data, or on the basis of
analysis of the circuit diagram. It is less helpful to
make resistance measurements in a transistor cir-
cuit, because the transistor junctions represent non-
linear resistances which have widely different values
under variations of test conditions. For example, an
ohmmeter applies an unknown voltage in a circuit,
and another ohmmeter will apply some other value
of unknown voltage. Even if the applied voltage is
measured, it is very difficult to analyze a transistor
circuit to deduce its apparent resistance. The ma-
jority of defective transistors can be spotted on the
basis of abnormal or subnormal terminal voltages.

If the complaint is weak output from the receiver,
and preliminary tests do not turn up the trouble,
stage-gain measurements must be made. This check
is made by applying a signal at one stage and noting
the output level; the same signal is then applied at
the preceding stage, and the resulting increase in
output level is observed. In case of doubt, the normal
amount of gain for a given stage can be determined
by testing another receiver of the same or similiar
type. Step-by-step methods for measuring gain are
explained subsequently under pertinent chapter
headings. After a weak stage has been localized, the
cause of subnormal output must be determined. If
there is no defective component in the circuit, we
check out the remaining possibilities. For example,
a capacitor might have been replaced previously
with a new capacitor that has an incorrect value. A
replacement component might have been wired into
the circuit incorrectly. Or, the trouble might be
caused simply by stage misalignment.

Alignment is a precise bench operation that re-
quires a competent technical knowledge, pertinent
receiver service data, and accurate generating equip-
ment. The tuned circuits of a receiver must be reson-
ated at specific frequencies, if they are to work to-
gether as a team and provide maximum operational
efficiency. When the frequency responses of the
various circuits are correctly related to one another,
the receiver is said to be in proper alignment. In
routine troubleshooting procedures, alignment is
checked out as the last step in the bench schedule.
Of course, there are occasional exceptions to this
rule, as when the tuned circuits have been misad-
justed by inexperienced persons. Step-by-step pro-
cedures for the alignment of various types of re-
ceivers are explained subsequently under pertinent
chapter headings.

Repair, or component replacement, is not a part of
the troubleshooting procedure in the strict sense of
the term. Repairs are made after troubleshooting is
completed, and before final checkout of the receiver.
Beginners often assume that repairs are simple and
undemanding. However, we are occasionally con-
fronted by chassis that have been “repaired” previ-
ously, and in which more trouble has been intro-
duced than was originally present. Sometimes the
new trouble is obvious, such as a sloppy solder
connection that produces a short-circuit between
printed-circuit conductors. Or, the new trouble may
be less obvious, such as that caused by a diode that
has been wired into the circuit with incorrect po-
larity. Again, the new trouble might be due to an
incorrect inductance value—beginners often assume
that coils which have the same value of winding
resistance must necessarily have the same value of
inductance. Of course, this is an elementary error.

&
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Fig. 1-23. Checking receiver sensitivity by measuring output power.
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Therefore, one of the subsequent chapters explains
good repair practices.

Testing after repairs is essential, because a re-
ceiver may not necessarily be free of faults after the
defective parts are located and replaced. For ex-
ample, a replacement tube or transistor in a short-
wave receiver might cause the receiver to “go dead”
even though all components are now in good con-
dition. The trouble in this situation is due to a
changed value of interelectrode or junction capaci-
tance, which detunes the associated circuit so that it
fails to operate as a member of the team. In turn,
the final alignment procedure will provide normal
receiver operation. When high-performance re-
ceivers, such as communication receivers, are being
checked out, a good technician will complete the job
ticket with a sensitivity measurement, such as is
shown in Fig. 1-23. This requires a lab-type signal
generator with a carrier-level meter and an accu-
rately calibrated microvolt attenuator.

Stage Gain

Stage gain is usually measured in terms of voltage
at the service bench. A typical example is illustrated
in Fig. 1-24. An output meter or scope is connected

at the plate of the audio-output stage. Working back
toward the grid of the rf amplifier, we progressively
inject an input signal at suitable frequency. To ob-
tain an accurate measurement, the signal-input level

1 [} [}
o 10X ——ete—— 25K ——te—— 85X ——»+ 80X——ste—— 15X — =
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Fig. 1-24. Normal voltage gain for each stage of a small
a-m receiver.

should be maintained below the level at which ap-
preciable agc voltage is developed (this is the same
precaution that is followed in alignment proce-
dures) . Accurate measurements also require the use
of a lab-type signal generator, as in the measurement
of output power. Note that the total gain of a re-
ceiver is equal to the product of its individual stage
gains. For example, the total gain of the receiver in
Fig. 1-24 is equal to 10 X 25 X 85 x 80 X 15, or ap-
proximately 25 X 10% times.
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Chapter 2

Troubles in RF and Mixer Stages

Isolation of troubles in individual stages entails
the same basic procedures, regardless of the particu-
lar type of stage. That is, after the defect is known to
be in a certain stage, dc voltage and resistance mea-
surements will, in most cases, pinpoint the defect to
an individual component. General information con-
cerning voltage and resistance measurements is in-
cluded in the following discussion. Localization of
trouble to an rf or mixer stage can be accomplished
in various ways; either signal-tracing or signal-
substitution techniques may be used, as explained in
the foregoing chapter. The most professional method
involves the use of a service-type scope with a de-
modulator probe. Troubles in rf and mixer stages are
usually associated with the following symptoms:

Dead receiver.

Weak output.

Distorted output.
Incorrect dial indication.
. Drifting off-frequency.
Poor selectivity.
External interference.
Intermittent operation.

S I o o

GENERAL DISCUSSION

Rf and mixer stages may employ either transistors
or tubes. One or more bands may be provided. The
antenna signal may be fed directly to a mixer in
simple receivers, or one or more rf (preselection)
stages may precede the mixer in elaborate receivers.
Technically, a mixer is a separate tube, transistor, or

diode that heterodynes the incoming antenna signal
with a local-oscillator signal generated by a tube or
transistor operating in an oscillator circuit. On the
other hand, a converter is a tube or transistor that
combines oscillator and mixer action in one device.
In any case, heterodyne detector action is involved,
and this section of the receiver is sometimes called
the first detector.

Fig. 2-1 shows the ac waveforms that are normally
present in mixer and converter stages. In this ex-
ample, the antenna signal F2 has a frequency of 1
MHz, and the local oscillator generates a signal with
a frequency of 1.5 MHz. The mixer device is operated
on a curved portion of its characteristic. We find four
frequencies in the mixer output: Two of the output
frequencies are the same as the input frequencies—
they simply feed through the mixer device. The
third output frequency is equal to the sum of the
input frequencies (2.5 MHz in this example). The
fourth output frequency is equal to the difference of
the input frequencies (0.5 MHz in this example).
The alert reader will perceive that there is also a
dc component in the mixer output, due to detector
action of the mixer device.

We observe in Fig. 2-1 that a converter provides
the same output frequencies as a mixer. The only
difference here is that a converter device does double
duty as both a detector and an oscillator. Now, with
reference to Fig. 2-1A, let us suppose that the local
oscillator fails, with the result that the 1.5-MHz fre-
quency disappears. Then, we will find only one
frequency in the mixer output; this will be the 1-
MHz antenna signal. This is an important fact of
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circuit action, because oscillator failure is a fairly
frequent c